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PRE FACE 

There is no  such thing a s  a stupid question. Socrates knew this more than two thousand years 
ago when the i nterrogative (Socrat ic) method of teaching was born. The success of The Secrets 
Series® reaffirms the effectiveness of this approach to teaching. The purpose of Plastic Surgery 
Secrets is  to serve as a comprehensive guide to a field in which the earliest procedures, including 
nasal and earlobe reconstruction, were described by S ushruta in 600 BC, whi le new frontiers pio
neered within the last three decades, including craniofacial surgery, microsurgery, and fetal surgery, 
continue to evolve. 

Nearly 200 authors have contributed the 1 20 chapters that comprise this volume, many of whom 
have l i teral ly defined the area of the specialty about which they have written. They have provided 
more than 3000 questions that broach virtually every aspect of plastic surgery and stimulate as many. 
I am indebted to each of them. The vastness of the fie ld  of plastic surgery by necessity presents 
countless opportunities for col laboration in patient management and medical education with col
leagues in numerous other specialties. The scope of this volume is intended to cross over to students 
and practitioners in these all ied fields. I t  is intended to provoke thought and stimulate further inquiry 
and represents a dist i llation of the important concepts and pearls that form the foundation of that al
luring discipl ine of medicine known as plastic surgery. 

Jeffrey Weinzweig, M.D.  
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FOREWOR D  

One o f  the proudest tradit ions of surgery has been the passing of knowledge from one genera
tion to another-what we have come to define as surgical educat ion. Yet, this tradit ion has taken 
many fo1ms and has undergone continued evolution. 

In ancient t imes, undoubtedly, it was based on the oral tradition of the teacher verbally convey
ing dogma to the student. The written word was also an important component, as witnessed by the 
writings of Sushruta in 600 B . C . ,  the famous papyri of Egypt, the monastic manusc1;pts of the M iddle 
Ages and the later dissemination of books, the latter result ing from the discovery of the printing 
press by Johann Gutenberg in 1 440. 

The modern age greatly faci l itated the dissemination of surgical knowledge. Improvements i n  
travel a l lowed surgeons to move from country to  country, continent to continent in pursu i t  of new 
surgical techniques. Individual master surgeons could then draw surgeons from around the world to 
their operating c l inics. The discovery of the photographic process permitted the accurate printing of 
images i n  books and eventually led to discovery of the projected sl ide-hence, S ir  Harold Gi l l ies '  
famous quip that the greatest advance in plastic surgery in his l i fet ime was "the d iscovery of  the 
Kodachrome sl ide." 

In this century, each advance in telecommunications was followed by another: radio allowed the 
first s imultaneous national and international surgical conferences; motion picture fil m  was capably 
exploited by the American Col lege of S urgeons as a means of teachin·g technical surgery to l arge 
numbers of surgeons; television allowed closed circuit meetings, which could be v iewed simultane
ously around the world by sate l lite; and the computer provided mult imedia capabi l ities. 

As we approach the new mi l lennium, we have come to realize that the problem is no longer the 
acquis i tion of surgical knowledge but the personal processing or integration of an overwhelming 
mass of surgical data that increases dai ly on an exponential scale. 

Fundamental to this proud tradition of surgical education is what Dr. Jeffrey Weinzweig has so 
accurately defined as the Socratic method, a pedagogic technique attributed to the Athenian phi loso
pher. H i s  educational method, cal led D IALECTIC, is  derived from the Greek word meaning to 
"converse." 

In th i s  text, Plastic Surgery Secrets, nearly 200 authors, under the able d i rect ion of Dr. 
Weinzweig, have superbly demonstrated the value of the question-and-answer technique in impart
ing plastic surgery knowledge. But one must not forget that it is not only the student who benefits 
from the well-posed question but also the teacher-it is  truly an intel lectual interchange. And one 
must also not forget that i t  is  the questions without answers that push the discipl ine forward a the 
questioner becomes determined to find the answers. This is  the true beauty of our plastic surgical 
heritage. 

xxiv 

"There is only one good, knowledge, and one evi l ,  ignorance." 
Socrates c. 470-399 B.c.  

JOSEPH G. McCARTHY, M D  
Lawrence D .  Bel l  Professor o f  Plastic  Surgery 

Director, Institute of Reconstructive Plastic S urgery 
New York University Medical Center 
New York, New Yor k  
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1 .  TH E PRINCIPLES O F  WOU N D  H EA LI N G  

J ann  W .  Tyrone; M . D . ,  and Thomas A M ustoe, M D ,  FAC.S .  

1 .  What events occur during each o f  the primary phases o f  wound healing? 
Wound healing has three principal phases: inflammatory, proliferative, and remodel ing. The in

flammatory phase begins at the t ime of wounding and lasts for 24--48 hours. Platelets forming the 
init ial thrombus release growth factors that are chemoattractant for macrophages and neutrophi l s .  
These cel ls  cooperate to remove necrotic t issue, debris ,  and bacteria from the wound.  B y  day 3,  

transforming growth factor beta (TGF-�) released from macrophages has attracted fibroblasts into 
the wound, signaling the start of the proliferative phase. Fibroblasts produce collagen and lay down 
extracel lular matrix to strengthen the wound. Growth factors released from macrophages also stimu
late angiogenesis and formation of new capillaries. The remodeling phase, which lasts up to 1 year, 
begins when remodeling of col lagen reaches equil ibrium, usually 2-3 weeks after wounding. A l l  
stages may vary in length because of  infection, malnutTition, or  other exogenous factors. 

2. What role do macrophages play in wound healing? 
During the inflammatory phase of wound healing, polymorphonuclear cel ls  (PMNs) and 

macrophages infiltrate the wound. Macrophages play a critical role in removing debris and bacteria 
(along with PMNs) and, most importantly, orchestrate the events of wound healing. They are the pri
mary source of growth factors (e.g., platelet-derived growth factor, TGF-�), which stimulate produc
tion of connective tissue proteins by fibroblasts. These growth factors also act in an autocrine fashion 
to ampl i fy tremendously their expression. 

3. During remodeling there is no net increase in collagen, but the wound breaking strength 
increases greatly. Why? 

Initial wound healing is  notable for large amounts of randomly laid down collagen. During re
modeling, fibroblasts and macrophages cooperate to replace the random collagen with col l agen that 
is  cross-linked and oriented in a more orderly arrangement to the direction of mechanical stress. 
Like raw wool being woven into strong yarn, the remodeled col lagen is compacted into fibers and is 
many times stronger than random collagen fibri ls .  The organization and strength of the new coll agen 
never reach the strength of uninjured collagen. 

4. What is the rationale for not allowing patients with hernias to do sit-ups for 6 weeks after 
a herniorrhaphy? 

Wound tens i le strength is  relatively low in the first few weeks after wounding but increases l in
early after 3-4 weeks. By 6 weeks, the wound has gained about 50% of its u ltimate strength and is 
strong enough to tolerate moderate forces. However, in elderly patients i t  may be prudent to wait 
longer because gains in tensile stTength are slower. 

5. A well-healed wound eventually reaches what percentage of prewound strength? 
Normally healed wounds reach 70-80% of prewound strength. 

6. Is collagen makeup different in normal vs. newly healing wounds? 
Type I collagen is the most abundant type of collagen in normal dem1is (approximately 90%). Type 

I I  collagen is the collagen actively secreted by fibroblasts during the early stages of wound healing 
and may account for up to 30% of the coll agen in a healing wound. By  week 2 of the wound-healing 
process, type I collagen again becomes the principal col lagen produced by fibroblasts. During remod
eling, type I I I  collagen is replaced by type I collagen to restore the nonnal dennal col l agen profi le. 

7. What is the wound-healing defect in Ehlers-Dantos syndromes (EDS)? 
Ehlers-Danlos syndromes are a heterogeneous group of connective tissue disorders characterized 

by hypennobi le joints, hyperextensible skin, and generalized fragi l ity of connective t issues. They are 
associated with defects in the synthesis, cross-linking, or strncture of collagen. The col lagen defect in 
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patients with EDS causes a decrease in wound strength and delay in wound heal ing.  Pat ients are 
prone to wound dehiscence and formation of broad, thin, shiny scars resembling cigarette paper. 

8. How long should a wound be kept dry after closing a surgical incision? 
Well-approximated surgical incisions are usually epithelialized in 24--48 hours, forming a fluid 

barrier. Washing a wound once it is epithelial ized to removed dried, crusted blood can reduce bacte
rial pro l iferation and prevent a potential delay in healing. For example, in a facial  laceration,  the 
benefits of washing and remov ing dried blood far outweigh any risks to the wound. However, in 
areas such as the lower extremity in elderly patients, epithelial ization may not be complete for much 
longer. If a foreign material such as a prosthetic joint is beneath the incision ,  i t  may be desirable to 
keep i t  dry for much longer to prevent potential contamination of the prosthesis. 

9. What effect does radiation have on wound healing? 
Radiation causes endothel ial cel l ,  capi l lary, and arteriole damage, which results i n  progressive 

and cumulative loss of blood vessels in the affected area. Perfusion to the radiated tissues may be af
fected, leading to delayed heal ing. Radiated fibroblasts show decreased pro l i feration and col lagen 
synthesis ,  leading to dimin ished deposition of extracel lular matrix .  Lymphatics l i kewise may be 
damaged, causing edema and poor clearance of infection in the healing tissues. 

10. Are PMNs essential for strengthening wounds? 
PMNs digest bacteria but play no role in strengthening the wound. Unl ike macrophages, PMNs 

are not a source of growth factors in a healing wound. 

1 1. What factors commonly impair wound healing? 
Although many factors influence wound healing in surgical patients, the most important are nu

trit ional deficiencies (a lbumin < 2.5 gm/d i ) ,  v i tamin  defic iencies (unusual) ,  aging, subcl i n ica1 
wound infection, hypoxia, steroids, diabetes, and radiation. 

12 .  After giving birth to her first baby, a patient asks if any treatments are available for 
stretch marks (striae distensae). What causes stretch marks? Are they amenable to treatment? 

Stretch marks form when the dermis is stretched to the point of disruption of col lagen fibers, but 
the epidem1is remains intact. The dermis forms a scar that is v isible tlu-ough the translucent epidermis. 
Because stretch marks are scars in the dermis, any rational treatment entails removing the scar. Abdom
inoplasty with resection of the involved skin is the only consistent way to remove striae distensae. 

13. Is a wound less likely to spread if closed with intradermal polyglactic acid suture (Dexon, 
Vicryl) vs. a nylon suture that is removed in 7 days? 

Wounds can spread if closed under tension or if exposed to stretching forces. In the first 3 weeks 
of wound heal ing, the strength of a wound is only a small fraction of its eventual strength. Sutures 
removed or degraded before this time have l ittle effect on wound spreading. Polyglactic acid suture 
retains strength for 3 weeks, at which time the wound is st i l l  relatively weak. The results are s imilar 
to removing a nylon suture from the wound in I week. Leaving a permanent intradermal suture in 
place for several months has been shown to decrease spreading, and i t  is  possible that a synthetic 
suture that retains strength for 6-8 weeks may have the same effect. 

14. You are about to remove an actinic/seborrheic keratosis from a patient's face when he 
asks if there will  be any scarring. How do you respond'? 

Actinic and seborrheic keratoses extend only into the superficial (epidermal) layer of the skin. 
Scarring occurs fol lowing injury to the deeper layer of the skin, the dermis .  Injuries to the superficial 
(reticular) dermis and epidermis can heal without scarring, but i f  wound closure is delayed or deeper 
layers are injured, scarring results .  Therefore, superficial skin lesions such as act inic/seborrheic ker
atoses can be removed without scarring if care is taken not to injure the deeper dermis .  

15.  A patient has two burns on his chest, one of which epithelialized in  1 week, the other in 3 
weeks. The second wound now has a hypertrophic scar. Why? 

Partial-thickness burns or abrasions that remain open for more than 2 weeks have a h igh inci
dence of hypertrophic scarring. ScaJTing is  bel ieved to be secondary to prolonged inflammation and 
can be m in.imized by achieving a closed wound through skin grafting or other techniques. 
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16.  Why does edema impair wound healing? 
In normal tissue, each cell is  only a few cell diameters away from the nearest capi l lary and re

ceives oxygen and nutrients by diffusion. Edema impairs wound healing through several mecha
n isms. First, the additional extracel lular water increases diffusion distances, resulting i n  lower t issue 
pO?. Second, chronic edema may resul t  in protein deposition in the extracel lu lar matrix,  which can 
act

-
as a d i ffusion barrier for growth factors and nutrients, making them less avai l able to  ce l l s .  

Finally, growth factors and nutrients are relatively diluted in the edematous fluid .  

17.  You perform a split-thickness skin graft ( 12/IOOOths of an inch) for burns in  a young and an 
elderly patient, using the same technique and equipment. Several weeks later the young patient 
is doing well, but the elderly patient has blisters forming on the graft. What may the cause be? 

Basal epidermal cells are attached to the underlying dermis by hemidesmosomes. Cel l s  of aged 
individuals have been shown to be ineffective at forming new hemidesmosomes. Without an ade
quate dermal base, coverage of the wound by epide1mis is  unstable and characterized by chronic and 
recurrent breakdown. The skin of elderly patients is therefore less tolerant to shearing forces. When 
shearing occurs, bl isters are l ikely to form. 

18. What is the mechanism of wound contraction? 
Human wounds heal by wound contraction, reepithelial ization, and scarring. As an integral part of 

wound healing, myofibroblasts orient themselves along lines of tension and pull col lagen fibers together. 
They are responsible for contraction of the wound. Wound contraction is part of the normal healing 
process that closes the wound to the external environment. Scar contracture is  an abnormal shorten
ing and thickening of a scar that may cause functional ( i f  across a joint) imd/or cosmetic deformities. 

19. Does any medical supplement, dressing, or drug accelerate wound healing? 
The Food and Drug Administration (FDA) has approved several moist dress ings for topical 

wound care, but no conv incing evidence indicates that they improve wound heal ing compared with 
standard treatments. Vitamin A has been used to return heal ing t ime to normal in patients that use 
steroids.  D ietary replacement in persons with a dietary deficiency normal izes wound heal ing .  
Recently, the FDA considered platelet-derived growth factor (PDGF) for use in diabetic ulcers be
cause in c l inical trials healing was reported in an increased percentage of wounds treated with PDGF. 

20. Define wound infection. 
1t is  the product of the entrance, growth, metabolic activities, and resul tant pathophysiologic ef

fects of microorganisms in the tissues. A wound with bacterial counts greater than I 05 organisms per 
gram of t i ssue is considered infected and unlikely to heal without further treatment. 

2 1 .  What effect does aging have on wound healing? -
Aged patients have s lower wound heal ing, less scarring, less contraction, decreased breaking 

strength, decreased epithel ial i zation, delayed cel l  m igrat ion, and decreased col lagen synthesis .  
Aging can be an advantage in performing cosmetic surgery because scarring can be min imized. I t  
also can b e  a disadvantage because wound strength is  lower, and a wound may eas i ly b e  separated i f  
placed under tension. 

22. What factors are responsible for local wound ischemia? 
Smoking, radiation, edema, diabetes, and peripheral occlusive disease can affect the perfusion 

and oxygenation of a wound and cause local wound ischemia. 

23. What is a chronic wound? 
Chronic wounds are those that fail to close in 3 months, and they fall into three broad categories :  

diabetic u lcers, pressure u lcers, and  u lcers secondary to  venous hypertension.  Wi th  meticulous 
wound care, most chronic wounds wi l l  close without surgical intervention. 

24. When does collagen production in a healing wound peak? 
I t  peaks by 6 weeks, whereas the maximal amount of collagen accumulation occurs 2-3 weeks 

after wounding. Al though no net increase in collagen occurs after this point secondary to remodel
ing,  col lagen synthesis and degradation continue at elevated rates for up to I year after wounding. 
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25. What are the benefits of occlusive dressings? 
Occlus ive dressings (e.g., polyurethane) maintain a moist environment that promotes rapid re

epithel ia l ization and more effective wound heal ing than when the wound is a l lowed to dry out .  
"Epithel ia l ization under a scab does not occur as quickly as i t  does under a moist dressing." Care 
should be taken to monitor for infection when occlusive dressings are used, because fluids also make 
an excellent medium for bacterial growth. 

26. What causes hypertrophic/keloid scars? What treatment options are available? 
Hypertrophic/keloid scars are bel ieved to be due to an excessive inflammatory response during 

heal ing. Proven treatment options include i ntralesional i njection of stero ids, radiation therapy, or 
surgical resection combined with another treatment. More recently, interferon has shown some ben
efits in reducing scarring. Other therapies, incl uding tamoxi fen, calcium antagonists, pressure ther
apy, cryotherapy, and pulsed dye lasers, have yet to gain widespread acceptance. 

27. What features distinguish between a keloid and hypertrophic scar? 
Keloids usual ly extend beyond the original incision and become progressively larger. Hyper

trophic scars are elevated but do not extend outside the original borders of the wound. Keloids are 
more common in  people with dark complexions, whereas hypertrophic scarring occurs more often in 
fair-skinned people. Keloid scarring is transmitted in some patients in  an autosomal dominant pat
tern. Both condi tions are remarkable for overproduction of all components of the extracel l ul ar 
matrix, but absolute numbers of fibroblasts are not increased. 

28. What roles do the growth factors PDGF and TGF-13 play in wound healing? 
PDGF is released by platelets during formation of the initial thrombus. It is  chemoattractant for 

macrophages, which are responsible for orchestrating the events of heal ing. TGF-� is secreted by 
macrophages, is chemoattractant for fibroblasts, and stimulates formation of extracel lu lar matrix by 
fibroblasts. 

29. You are reluctant to debride a decubitus ulcer with necrotic tissue in a chronically ill pa
tient who has m ultiple medical problems and a coagulopathy. What are the alternatives to sur
gical debridement? 

Several options are available. Topical creams that break down necrotic t issue may be applied to 
the wound. Commonly used agents include autolytic and enzymatic debridement creams. Autolytic 
debridement agents work by activating endogenous collagenases within the open wound to separate 
the necrotic tissue. Enzymatic debridement agents, which are concentrated col lagenases, act by di
rectly digesting the nonviable t issues. 
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2 .  TECH N IQ U ES AND G EOM ETRY 

O F  WOU N D  REPAIR 

J effrey Weinzweig, M D ,  a nd Norma n  Weinzweig , M . D .  

1 .  What are important considerations i n  surgical wound closure? 
Surgical wound closure is  perfonned in conjunction with biologic events such as fibroplasia, ep

ithelialization, wound contraction, bacterial balance, and host defense mechanisms. All suture mate
rials, including both absorbable and nonabsorbable monofilaments, should be considered as foreign 
bodies that evoke a tissue inflammatory reaction. This reaction may resu l t  in delayed wound healing, 
i nfection, or dehiscence. Selection of suture material should be based on the heal ing properties and 
requirements of the involved tissue, the biologic and physical properties of the suture material, loca
tion of the wound on the body, and individualized patient considerations. 

2. Why is the choice of suture material critical in the early stages of wound healing? 
In the early stages of wound healing, the suture is  primarily responsible for keeping the wound 

together. In the first 3-4 days after wound repair, the gain in tensile strength i s  related to fibrin clot, 
which fil l s  the wound cavity. At 1 week, tensi le strength is  less than 5% of unwounded skin; i t  is 
1 0% at 2 weeks, 25% at 4 weeks, 40% at 6 weeks, and 80% at 8- 1 0  weeks. 

3. What percentage of normal unwounded tensile strength do wounds ultimately achieve? 
Classic studies by Levenson et al . in 1 965, using a rat model, demonstrated that wounds never 

achieve more than 80% of normal unwounded tensile strength. 

4. Which layer of a wound repair contributes the most to wound strength? 
The dermal l ayer. Absorbable sutures placed in the dermis ,  such as poli glecaprone 25 

(Monocryl ) ,  polyglactin 9 1 0  (Vicryl) ,  polyglycolic acid (Dexon), or polyglyconate (Maxon), pro
vide tensile strength over an extended period prior to suture resorption. Sutures placed in the epider
mis, usually 5-0 or 6-0 Nylon (depending on location), permit fine alignment of the skin edges only 
and should be removed within 5 days. 

5. What are the basic principles of suturing skin wounds? 
Skin edges should be debrided when necessary and always everted and approximated wi thout 

tension. I f  simple sti tches are not sufficient, horizontal or vertical mattress stitches may be neces
sary. After tying a knot, the suture appears pear-shaped in cross-section with raised borders. The 
everted skin edges gradually flatten to produce a level surface. I t  is  important to p lace the suture so 
that the wound edges just touch each other. Postoperative edema creates additional tension with po
tential strangulation of tissue and resultant ischemia that may lead to necrosis. 

6. What are the different methods of suturing skin wounds? 
Simple interrupted sutures are p laced so that the needle enters and exits the t i ssue at 90° ,  

grasping identical amounts of tissue on each side to permit exact approximation of the  wound mar
gins. Of course, this principle appl ies only when the skin edges l ine up at exactly the same level. 
Occasionally, one side of the wound is h igher and the other lower. To approximate the edges at the 
same level, i t  i s  necessary to grasp the tissue "high in the high" (closer to the epidem1is) and "low in 
the low" (farther from the epidermis) .  

Vertical and horizontal mattress sutures are especial ly useful for everti.ng stubborn wound 
edges. However, horizontal mattress sutures cause more ischemia than either s imple interrupted or 
vertical mattress sutures. 

Subcuticular or intradermal continuous sutures obviate the need for external skin sutures; 
thus, they avoid suture marks on the skin and result in the most favorable scar. This suture should be 
left in p lace for 2-3 weeks. Prolene is  often used because i t  produces l ittle infl ammatory reaction, 
maintains its tensile strength, and can easily be removed. 

6 
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Half-buried mattress sutures (McGregor stitch or three-corner stitch) are especially useful for 
closing a V-shaped wound or approximating skin edges of d ifferent textures or th icknesses. This 
st i tch usual ly prevents necrosis of the tip of the V, which i s  sometimes seen with s imple inte1rnpted 
sutures. By placing the buried portion of the suture within the dermis  of the flap, i schemia and 
damage to the overlying skin are avoided. 

The continuous over-and-over or running suture is most often used for c losure of scalp 
wounds because i t  can be performed rapidly and is hemostat ic .  Locking this st itch provides addi
tional hemostasis. A nonlocking running stitch, using fine Nylon, may be used in areas such as the 
face where the wound i s  uncomplicated and under no tension. 

7. What is the role of immobil ization in  wound healing"? 
Immobil ization of the wound is as important in soft t issue heal ing as it is in bone heali ng. By  

immobi lizing the wound, tension across the skin edges is  e l iminated, yielding a more favorable scar. 
Immobil ization can be achieved by using Steri-strips, tapes, collodion, or even plaster splinting. 

8. How are suture materials classified? 
Suture materials are classified as natural or synthetic, absorbable or nonabsorbable, and 

braided or monofilament. Further classification takes into consideration the t ime unti l  absorption 
occurs, extent of tissue reaction, and tensile strength. 

9. What are the d ifferences among the various absorbable suture materials? 
Catgut, derived from the submucosal layer of sheep intestine, evokes a moderate acute inflam

matory reaction and is hydrolyzed by proteolytic enzymes within 60 days. Tens i le strength is rapidly 
lost wi th in 7- 1 0  days .  Chromization (chromic catgut suture) s l ightly prolongs these parameters 
compared with plain gut. The main indicatio»S for use of catgut suture include l igation of superficial 
vessels and closure of tissues that heal rapidly, such as oral mucosa. Catgut sutures also may be used 
in situations when one wishes to avoid suture removal, as in small children. 

Vicryl and Dexon are synthetic materials that behave s imi larly. They produce min imal t i ssue 
react ivi ty and are completely absorbed within 90 days. Tensile strength i s  60-75% at 2 weeks and 
lost at I month. Both are useful as intra.dermal sutures because of their low reactivity, but they should 
be used judiciously as buried sutures because of their tendency to "spit" with inflammation. 
Monocryl (a  monofi lament), on the other hand, may be used comparably as intradennal or buried su
tures. Because the braided structure of Vicryl and Dexon may potentiate infection, neither should be 
used in  wounds with potential bacterial contamination. 

Polydioxanone (PDS), a synthetic absorbable monofilament, is minimally reactive. Absorption 
is essentially complete within 6 months, a lthough l i ttle occurs before 90 days. Because of this slow 
absorption, "spitting" is a significant problem; as a monofilament suture, however, PDS is less prone 
to bacterial seeding. PDS sutures maintain their tensile strength considerably longer: 50% remain at 
4 weeks and 25% at 6 weeks. Absorption is  essentially complete at 6 months. 

Maxon and Monocryl are absorbable monofilament sutures with s imi lar qua.lit ies and advan
tages as PDS. However, they retain their tensile strength for only 3-4 weeks; absorption of Monocryl 
is  essentially complete between 3 and 4 months. 

10. What are the differences among the various nonabsorbable suture materials? 
Nonabsorbable monofilament (Ethilon/Nylon and Prolene) sutures incite m inimal inflammatory 

reaction, s l ide wel l ,  and can be easily removed, thus providing ideal running intra.dermal st i tches. 
Prolene appears to maintain its tensile strength longer than Nylon, which loses approximately 1 5-20% 
per year. Nonabsorbable braided materials (Nurolon, Ethibond, and S i lk) elicit an acute inflammatory 
reaction that is followed by gradual encapsulation of the suture by fibrous connective tissue. 

Staples cause less inflammatory reaction than sutures, have s imi lar strength up to 2 1  days, and 
result in a s imi lar final appearance when removed within 1 week postoperatively. Large wounds can 
be c losed faster and more expedit iously with staples, which are useful for procedures such as ab
dominoplasty, reduction mammaplasty, and skin grafting. 

1 1. What influences the permanent appearance of suture marks? 
The key factors i nfluencing scarring due to suture p lacement are ( 1 )  length of  t ime that the 

skin suture remains i n  place; (2) tension on the wound edges; (3) region of the body; (4) presence of 
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infection; and ( 5 )  tendency for hypertrnphic scarring o r  keloid fo1mation. The most critical factors in 
avoiding suture marks in the skin are tension-free closure and early removal. Sutures left in place for 
excessive periods result in severe scarring. Epithelial cells crawl along the path of the suture within 
the skin, resulting in sinus tract formation; cross-hatching occurs from prolonged compression of the 
suture on the epidermal surface. Wounds in which sutures are removed within 7 days usually produce 
a fine l inear scar. Wound closure with a running dermal pul l-out suture provides the optimal scar 
without interfering with the development of tensile strength. The finest sutures for any given wound 
should be used. The t iming of removal depends on the region of the body in which the sutures have 
been placed and ranges from 3-5 days in the face to 1 0- 1 4  days i.n the back and exu·emities. 

12. What are Langer's l ines? 
Elastic fibers within the dermis maintain the skin in a state of constant tension, as demonstrated 

by the gap ing of wounds created by i ncising the derm is  or by the immediate contraction of skin 
grafts as they <U"e harvested. In 1 86 1 ,  Langer demonstrated that puncturing the skin of cadavers with 
a rounded sharp object resulted in el l iptical holes produced by the tension of U1e skin. He stated that 
human skin was less d istensible in the direction of the l ines of  tension than across them. Short
comings of Langer's l ines are that ( 1 )  some tension l ines were found to run across natural creases, 
wrinkles, and flexion l ines; (2) they exist in excised skin; and (3 )  they do not correlate with the di
rection of dermal col lagen fiber orientation. Nonetheless, Langer's l ines serve as a useful guide in 
the planning and design of skin incis ions and excisions. 

13. What are RSTLs? 
Relaxed skin tension l ines (RSTLs), also known as wrinkle l ines, natural skin l ines, l i nes  of 

facial expression, or l ines of m inimal tension, lie perpendicu lar to the long axis of the underlying 
facial muscles. They are accentuated by contraction of the facial muscles as with smil ing, frowning, 
grimacing, puckering the l ips, or closing the eyes tightly. An example is the frontal i muscle, which 
runs vertically straight up the forehead; RSTLs on the forehead run transversely or perpendicular to 
the underlying frontal is muscle. 

14. What is the optimal scar? 
The optimal scar is  a fine, flat, concealed l inear scar lying within or parallel to a skin wrinkle 

or natural skin l ine, contour junction, or RSTL. There should be no contour irregularity, distortion 
of adjacent anatomic or aesthetic units or landmarks, or pigmentation changes. 

15. What causes "stretch" marks? 
S ignificant stretch may result  in disruption of the dermis wi tl1 loss of continuity of  the elast ic 

fibers. Once this occurs, elastic recoil and skin tension in the involved area a.re lost-the result is a 
stretch mark. 

1 6. Which excisional methods can be used for removal of skin lesions? 
Skin lesions may be removed by el l iptical, wedge, or circular excisions. Most skin lesions are 

removed by simple ell iptical excision with the long axis of the e l l ipse on, or paral le l ing, a wrin
kle, contour l i ne,  or RSTL.  The e l l i pse may be lent icular i n  shape with angul ar edges or have 
rounded edges. Ideal ly, the  long ax is  should be four times longer than the short axi . Wedge exci 
sions are performed primarily for lesions on the free margins of the ears, l ips. eyelids, or  nostri l s .  
Lip lesions  can be excised as ei ther triangular or pentagonal wedges. Pentagonal rather than trian
gular excis ion often leads to less c011u·acture and shortening along the longitudinal axis of the in
c ision wi th a more favorable scar. Closure of circular defects can be performed by e ither a skin 
graft or a local flap. 

1 7. What is the purpose of serial excisions? 
Large lesions, such as giant nev i ,  can be removed by serial excisions. Thi s  approach takes ad

vantage of the v iscoelastic properties of skin and the creep and stress-relaxation phenomenon. It has 
been especial ly useful for improvement of male-pattern baldness by excision of non-hair-bearing 
areas of the scalp. However, with the introduction of soft t issue expansion, the technique of serial ex
cision has become less popular. 



Tech n i ques a nd Geometry of Wound Repa i r  9 

18. What are the differences among rotation, transposition, and interpolation flaps? 
Each of these flaps has a speci fic pivot point and an arc through which the flap is  rotated. The 

l ine of greatest tension of the flap is the radius of that arc. The rotation flap is  a semicircular flap, 
whereas the transposition flap is a rectangular flap, consist ing of skin and subcutaneous tissue that 
rotates about a pivot point into an immediately adjacent defect .  The flap donor s ite can be closed by 
direct suturing or with a skin graft. A small backcut from the pivot point along the base of the flap 
can be made to release a flap that is  under too much tens ion. Because a skin flap rotated about a 
pivot point becomes shorter in length the farther it is rotated, the transposit ion flap is usual ly  de
s igned to extend beyond the defect ;  a suffic ient flap design is  verified with a c loth template. An 
interpolation flap, although s imi lar in design to the rotation and transposit ion flaps, is  rotated into a 
nearby but not immediately adjacent defect. The pedicle of this flap, therefore, must pass over or 
under the intervening tissue.  
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A skin flap rotated about a pivot point becomes shorter in effective length the farther it is rotated. Therefore, a 
flap should be designed to extend beyond the defect. (From Place MJ, Herber SC, Hardesty RA: B as ic  tech
niques and principles in plastic surgery. In  Aston SJ, Beasley RW, Thorne CHM (eels): Grabb and Smith's Plastic 
Surgery, 5th eel. Philadelphia, Lippincoll-Raven, 1 997, p 22, with permission.) 

19. What is a bilobed flap'? 
A bilobed flap is a transposit ion flap that consists of two flaps often designed at right angles to 

each other. The primary flap is  transposed into the defect, whereas the secondary flap, usual ly half 
the diameter of the primary flap, is  used to close the donor site . 

• 

B i lobecl flap. After excision of the lesion, the primary nap ( P) is transposed into the resultant defect. The sec
ondary flap (S) is then transposed to close the donor site defect. (From Place MJ, Herber SC, Hardesty RA: Basic 
techniques and principles in plastic surgery. In Aston SJ, Beasley RW, Thorne CHM (eels): Grabb and Smi th 's 
Plastic Surgery, 5th eel. Phi ladelphia, Lippincou-Raven, 1 997, p 23, with permission.) 

20. What is a "dog ear"? How can it be eliminated? 
In excising a lesion in e l l iptical fashion, the long axis should be four t imes the length of the 

short axis. Dog ears fom1 at the ends of a closed wound when either the e l l ipse is  made too short or 
one side of the e l l ipse is  longer than the other. Dog ears may flatten over time, but primary correc
tion is best. If the el l iptical excision is too short, one can lengthen the e l l ipse to include the excessive 
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tissue or excise the redundant t issue as two small triangles. l f  one side of the incis ion is longer than 
the other, the dog ear can be corrected by making a short right-angle or 45° incision at the end of the 
el l ipse with removal of the redundant tissue. 

2 1 .  When should scar revision be performed? What are the goals? 
Scar revision should be performed once the scar has matured-usually 9 months to 2 years after 

the original procedure. The goals of scar revision are to reorient the scar, divide it into smaller seg
ments, and make it level with adjacent tissue. 

22. What is a Z-plasty? 
Referred to by Limberg as "converging triangular flaps," the Z-plasty is a technique by which 

two triangular flaps are interdigitated without tension, producing a gain i n  length along the direction 
of the common limb of the Z (useful in the management of scar contractures) as well as a change in 
the direction of the common l imb of the Z (useful in the management of facial scars). 

23. How is a Z-plasty designed? 
A Z-plasty consists of a central l imb, usually placed along the scar or l ine of contracture, and 

two l imbs positioned to resemble a Z or reverse Z. The l imbs must be equal i n  length to permit the 
skin flaps to fit together after transposition. The angles of the Z vary from 30-90°. The central l imb, 
oriented along the l ine of contracture, is  usually under considerable tension. After release or division 
of this contracture, the shape of the paral lelogram immediately changes with spontaneous flap trans
position and lengthening along the l ine of the central l imb. Lengthening is related to the difference 
between the long and short axes of the parallelogram formed by the Z. The wider the angles of the 
triangular flaps, the greater the difference between the long and short diagonals and thus the greater 
the lengthening. In designing a Z-plasty, sufficient laxity must be available transversely to achieve 
the appropriate lengthening perpendicular to it .  The l imbs of the Z-plasty should fol low the RSTLs. 

c '· D 

rClassic Z-plasty using 60° angles. A and B, Flap design and elevation. C and D, Flap transposition and suture 
without tension. ( From Weinzweig N, Weinzweig J: Basic principles and techniques in plastic surgery. In Cohen 
M (ed): Mastery of Plastic and Reconstructive Surgery. Boston, Little, Brown, 1 994, p 26, with permission.) 

24. Why are angle size and limb length important in performing a Z-plasty? 
The angle size determines the percentage increase in length. The original limb length controls 

the absolute increase in final l imb length. As the angle size increases, the degree of lengthening in
creases. A 30° angle produces a 25% increase in length; a 45° angle, a 50% increase; a 60° angle, a 
75% increase; a 75° angle, a 1 00% increase; and a 90° angle, a 1 20% increase. Although the length 
increase values are only theoretical, they provide a good approximation of the actual lengthening. In 
general, the actual increase in length is s l ightly less than the theoretical increase. 

25. What is the optimal angle for Z-plasty design? 
60°. Angles significantly less than 60° do not achieve sufficient lengthening, defeating the pur

pose of the Z-plasty and result ing in flap narrowing and vascular compromise. Angles much greater 
than 60° produce significant tension in the adjacent tissue, preventing transposition of the flaps. 
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26. What are the indications for multiple Z-plasties? 
A simi lar degree of lengthening can be produced by a s ingle Z-plasty and mult iple Z-plasties, 

because the total length of the central l imbs of multiple Z-plasties can equal the length of the single 
Z-plasty. Multiple Z-plasties, however, produce less transverse shortening. Lateral tension i s  reduced 
and more equal ly d istributed over the entire length of the central l imbs. Mul tiple Z-plasties are 
useful when insufficient tissue is available for a large single Z-plasty. In addition, multiple Z-plasties 
of  facial scars often produce cosmetically superior results. 

27. What is a four-flap Z-plasty? 
A four-flap Z-plasty is  an effective technique to correct thumb-index web space and axi l lary 

contractures. A 90'/90' angle or 1 20'/ 1 20' angle Z-plasty is designed. The two-flap Z-plasty is then 
converted to a four-flap Z-plasty by bisecting the angles, creating flaps that are 45° or 60°. This tech
nique produces greater lengthening ( 1 24%) with less tension on the flaps. 

28. What is a double-opposing Z-plasty? 
Also known as the combination five-flap Y-V advancement and Z-plasty, the double-opposing 

Z-plasty is part icularly usefu l  for releasing contractures of concave regions of the body, such as 
the dorsum of the in terdigital web spaces and the medial canthal region. The central  flap is ad
vanced in Y-V fashion whi le  the flaps of the two Z-plasties on each s ide of the central flap are 
transposed. 

• 

Five-flap Y-V advancement and Z-plasty. The central flap (C) is advanced in a y. V fashion. The flaps of the two 
Z-plasties on each side of the central flap are transposed. (From Jankauskas S, Cohen IK ,  Grabb WC: Basic tech
niques in plastic surgery. In Smith JW, Aston SJ (eds): Grabb and Smith's Plastic Surgery, 4th ed. Boston, Little, 
Brown, 1 99 1 ,  p 76, with pem1ission.) 

29. What is a W-plasty? 
A W-plasty is  another technique for reorienting the direction of a l inear scar. Triangles of equal 

size are outl ined on either side of the scar with the tip of the triangle on one side placed at the m id
point of the base of  the triangle on the opposite side. At the ends of  the scar, the excised triangles 
shou ld be smal ler, wi th the l imbs of the W tapered. The tips of the triangles should be sutured with 
three-comer stitches to prevent necrosis of the flap t ips. 

30. What is the main disadvantage of a W-plasty? 
A W-plasty does not lengthen a contracted l inear scar; a Z-plasty should be used for this purpose. 

A W-plasty increases rather than decreases tension in the area of the scar because of the necessary 
sacrifice of tissue and should be used only when there is an abundance of tissue adjacent to the scar. 

31.  What is the V-Y advancement technique? 
The V-Y advancement technique al lows forward advancement of a triangular flap (V) without 

rotation or lateral movement and closure of the resulting defect in a Y fashion. The skin that is actu
ally advanced is on ei ther s ide of the Y. 
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c 

V-Y advancement technique. The central V is advanced forward and the defect is closed in a Y configuration. 
(From Weinzweig N, Weinzweig J :  Basic principles and techniques in plastic surgery. I n  Cohen M (ed): Mastery 
of Plastic and Reconstructive Surgery. Boston, Little, Brown, 1 994, p 26, with pem1ission.) 

32. When is a V-Y advancement flap used? 
This technique is extremely useful for lengthening the nasal columella, correcting the whistle 

deformity of the l ip,  and closure of selected soft t issue defects. It also may be used in various other 
skin and mucosa! flaps. 

33. What is a rhombic flap? 
The rhombic flap, originally described by Limberg and often referred to as the Limberg flap, is 

a combination of rotation and transposition flaps that borrows adjacent loose skin for coverage of a 
rhombic defect. A rhombus is an equi lateral parallelogram with ( l )  acute angles of 60° and obtuse 
angles of 1 20°; (2) long and short diagonals perpendicular to each other; and (3) a short diagonal 
equal in length to each side of the rhombus. The flap is designed as an extension of the short d iago
nal opposite ei ther of the two 1 20° angles of the rhombus. The short diagonal is extended by a dis
tance equal to its length. From this point, a l ine of equal length is  drawn at 60° parallel to ei ther side 
of the rhombus. Four Limberg flaps are therefore possible for any given rhombic defect. 

·� 

A B c 

Rhombic nap. A, Flap design. B, Elevation of nap with wide unde1mining of the base to allow transposition. C, Suture 
of the nap without tension. (From Weinzweig N, Weinzweig J: Basic principles and techniques in plastic surgery. I n  
Cohen M (ed): Mastery of  Plastic and Reconstructive Surgery. Boston, Little, Brown, 1 994. p 26, with pe1mission.) 

34. Should lesions be excised to create rhombic defects? 
No. Lesions should be excised as circular defects or as necessary to permit adequate excision. A 

rhombus encompassing the defect and the four possible rhombic flaps can then be drawn. The se
lected flap is  incised and e levated. Wide undermining beneath the base of the flap is necessary to 
al low the flap to fal l  i nto position i n  the rhombic defect wi thout tension. The in i t ia l sutu res are 
placed in the four corners of the defect. 

35. What is the Dufourmental flap? 
The Dufourmental flap is a variation of the rhombic flap in which the angles d i ffer from the 

standard 60° and 1 20° angles in the Limberg flap. Although angles of 30° and 1 50° are usually used, 
angles up to 90° are also possible. This versatile flap is useful for coverage of a defect in the shape of 
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a rhomboid rather than a rhombus. Although the two terms are often used interchangeably, a rhom
boid di ffers from a rhombus in several important respects: ( I )  i t  has acute angles of various degrees; 
(2)  only opposite sides are equal in length; (3) diagonals are not perpendicular; (4) diagonals are not 
equal in length; and ( 5 )  diagonals are not necessarily equal in length to the s ides of the parallelo
gram. Planning is more complex than for the Limberg flap, and it is often easier s imply to convert 
the defect into a rhombus with angles of 60° and 1 20°. 

a a 

b d 

B 

a 

b 

b 

e 

The Dufourmenta l flap. A and B, Flap design. C. Flap e levation and transposit ion.  D, Resultant suture J ines. 
(From Jackson IT: Local Flaps in Head and Neck Reconstruction. St. Louis, Mosby, 1 985, p 20, with permission.) 
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3 .  AN ESTH ESIA 

Brent V. Stromberg, M D , FAC.S .  

1 .  What i s  the maximal dose of  lidocaine that can be  safely used for local anesthesia? 
Lidocaine is probably the most commonly used local anesthetic agent. The maximal safe dose is 

4 mg/kg. The addition of epinephrine to the anesthetic solution (usual l y  in a l :  1 00,000 concentra
tion), which slows the absorption of l idocaine due to local vasoconstriction, a llows a maximal dose 
of 7 mg/kg. 

2. Which nerves exit the skull through foramina that l ie in a sagittal plane? 
The supraorbital ,  infraorbital ,  and mental nerves exit the skull along a straight l ine,  approxi

mately 2.5 cm from the midl ine of the face, that includes the pupil of the eye in a midgaze position. 
The abil ity to identify these nerves by surface anatomy is crucial to performing successful regional 
blocks of the face. Aspiration prior to instil lation of an anesthetic agent is always advisable to avoid 
intraarterial injection. 

3. How can the forehead and upper eyelid be blocked to permit excision of a large l ipoma? 
Regional blocks of the supraorbital and supratrochlear nerves provide effective anesthesia of the 

forehead area. The supraorbital nerve (V 1) emerges from the supraortibal foramen to supply sensa
tion to the upper eyelid, conjunctiva, forehead, and scalp as far posteriorly as the lambdoid suture;  
the supratrochlear nerve emerges from the medial aspect of the supraorbital r im to supply the medial 
aspect of the forehead, upper eyelid, skin of the upper nose, and conjunctiva. A supraorbital nerve 
block is perfom1ed by inserting the needle just under the midportion of the eyebrow while palpating 
the foramen and injecting 2-3 ml of l % l idocaine with epinephrine. A supratTOchlear nerve block is 
performed similarly except that the needle is inserted in the medial portion of the orbital rim just lat
eral to the root of the nose. Both nerves can be b locked by infi l tration along a horizontal l ine extend
ing 2 cm above the eyebrow from the lateral orbital rim to the midline. 

4. Which nerve provides sensation to the lower eyelid and upper lip? How can it be blocked? 
The infraorb i tal nerve (V 2) ,  after emerging from the infraorbital foramen, div ides into four 

branches-the inferior palpebra l ,  external nasal , internal nasal, and superior l abial nerves. They 
supply the lower eyelid and upper l ip  as well as the lateral portion of the nose and ala, cheek, and 
mucous membranes l in ing the cheek and upper lip. Regional block of the infraorbital nerve is  per
fonned by first palpating the infraorbital foramen or notch along the infraorbital rim, which should 
l ie below the midl ine of the pupil with the eye i n  a straight forward gaze. Insti llation of  2-5 ml of 
l % l idocaine with epinephrine at this site provides excellent regional anesthesia for 60-90 minutes. 

5. How can the lower lip be anesthetized to permit excision of a basal cell carcinoma? 
The mental nerve provides sensation to the lower lip and the submental cutaneous area. This 

nerve can be blocked transorally or transcutaneously as i t  exits the mental foramen. I t  can be pal
pated just posterior to the first premolar tooth l cm below the gum l ine. IntraoralJy the needle can be 
i nserted into the mucous membrane between the bicuspids at a 45° angle, aimed toward the apex of 
the root of the second bicuspid, and advanced until bone is contacted. The needle i s  withdrawn 1 -2 
mm, and 2-3 m l  of l idocaine are injected. An additional 0.5- 1 .0 ml of l idocaine can be injec1ed i f  
the foramen is located. 

6. How can the masseter muscle be relaxed in  cases of trismus? 
A mandibular nerve (V 3) block can be performed as the nerve exits the foramen ova le by insert

ing the needle into the retromolar fossa at a point parallel to the mandibular teeth at a 45° angle. The 
needle is  advanced to the posterior wall of the mandible, and the injection is  inst i l led. This block 
anesthetizes the buccal, auriculotemporal, l ingual, inferior alveolar, and mental nerves, prov iding 
adequate surgical anesthesia for the lower face, mandible, mandibular teeth to the midl ine, and ante
rior two-thirds of the tongue for 60-90 minutes. 

1 4  
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7. How can adequate regional anesthesia of the nose be obtained before performing a rhinoplasty? 
Regional anesthesia of the external nose can be obtained by blocking the infratrochlear, infraor

bital, nasal palatine, and external nasal nerves. The block is performed by injecting 5- 1 0  ml of 1 % 
l idocaine with epinephrine along a l ine that begins at the nasolabial fold, continues just lateral to the 
ala and along the base of the nasal sidewal l ,  and final ly advances toward the radix on each side of the 
nose. Regional anesthesia of  the internal nose can be obtained by blocking the inferior posterior 
nasal, nasopalatine, and superior posterior nasal nerves as well as branches of the ethmoidal nerve. 
The block is performed by placing small cotton applicators dipped in a solution of 4% cocaine di
rectly on the areas or by packing the nose with plain gauze dipped in the cocaine solution. 

8. How can a regional block of the external ear be obtained before performing an otoplasty? 
The external ear is  suppl ied by the auriculotemporal nerve anteriorly and by the great auricular 

and lesser occipital nerves posteriorly. A satisfactory block can be achieved by infiltrating the anes
thetic solution (usual ly J % l idocaine with epinephrine) around the ear in a ring l ike fashion or by 
using a diamond-shaped pattern that encompasses the ear anteriorly and posteriorly. 

9. Just before an augmentation mammaplasty, bilateral intercostal nerve blocks are given 
with 30 ml  of a 1 % xylocaine solution. The patient soon appears agitated, and her p ulse in 
creases. What i s  the  most l ikely cause? 

Sudden changes in the status of the patient are always a cause of concern. In this s ituation, the 
most worrisome possibility is a pneumothorax. lntercostal blocks are administered close to the pleura. 
Even a small increase in depth of penetration may result in injury to the lung. However, the most likely 
cause of the symptoms is lidocaine toxicity. Several areas of the body, including the intercostal area, 
have a high degree of vascularity and are known to have a much faster uptake of local anesthetics. The 
proximity of the intercostal vessels to the point of injection frequently results in a more rapid systemic 
uptake than expected. The dosage of xylocaine is at the upper l imits of safety. A smaller volume and 
dosage are preferred. Fortunately, l idocaine toxicity usually passes quickly in a healthy patient because 
the compound is metabolized rapidly in the l iver. Medication with a barbiturate, often already adminis
tered as a premedication, may be helpful. The usual n·eatment is monitoring and patience. 

10. How long should a patient fast before surgery? 
The tradition of nothing to eat or drink after midnight the night before seems to have few objec

tive merits. For adults, several studies have shown that sol id foods should not be given within 6 
hours of surgery but that clear liquids may be given up to 3 hours before surgery. However, some be
l ieve that if a large meal has been eaten the night before, 6 hours may not be enough. For i nfants, 
reasonable amounts of fluids up to 3 hours before surgery seem safe. Several hours of fasting before 
surgery do not seem to decrease the amount of gastric contents or to increase the pH of the gastric 
fluid. It does significantly increase the discomfort of the patient. Prophylaxis against aspiration is  of 
merit in h igh-risk patients, but it is not universally beneficial. 

1 1 .  Why does skeletal muscle contract if stimulated when D-tubocurarine is used as the para
lyzing agent in anesthesia? 

D-tubocurarine blocks muscle contract ion by acting as a nondepolarizing agent. As such, i t  
blocks nerve transmission at the neuromuscular junction. It does not block direct muscle stimulation 
by an e lectrical s t imulus such as electrocautery. If complete cessation of muscle contraction is 
needed, succinylchol ine should be used because it depolarizes the muscle and keeps it depolarized. 

12 .  Twenty-four hours after suction-assisted l ipectomy of the abdomen and upper thighs, a 
patient has become confused and somewhat disoriented. She has a petechial rash over the 
shoulders and anterior chest. Is she possibly allergic to the pain medication? 

This presentation is  unusual for an al lergic reaction to a medication. However, i t  is a relatively 
c lassic presentat ion for fat embol ism.  A fat embol ism involves the blockage of  smal l  vessels by 
small globules of fat. Most commonly seen after long bone fractures, it also may be seen in other cir
cumstances, such as after l iposuction. Two theories address the mechanism. A physiochemi.ca\ 
change in the circulating l ip ids (chylomicrons) may cause them to clump and form microemboli ( fat 
droplets). The second theory states that the trauma from pressure or injury allows small veins to rupture 
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and fat to enter directly through the area of injury. The emboli lodge in  small caliber vascular struc
tures, first the lungs and then the brain and kidneys. Although the cerebral manifestations are onen the 
first noticed (confusion, lethargy, disorientation, delirium, and occasionally coma and stupor), the pri
mary problem rests with the lungs. The diagnosis should be made quickly; it depends on prompt recog
n ition of a pattern of pulmonary, cerebral, and cutaneous manifestations. Emboli may appear i n  retinal 
vessels. Other abnomialities may include a drop in hemoglobin and an EKG pattern of myocardial is
chemia and right ventricular strain. Later lipuria may occur. Serum l ipase elevation occurs in one-half 
of patients but may not be evident for several days and reaches its height on day 7 or 8. 

Once the diagnosis is made, prompt treatment should include v igorous resuscitative measures, 
sp l int ing of any fractures, in tensive pu lmonary care, oxygen, pos i tive end-expiratory pressure 
(PEEP), intermittent posit ive pressure breathing, and consideration of d igitalizat ion. Corticosteroids 
are usual ly  recommended (approximately 1 00 mg every 6 hours). Often low-dose heparin i s  given to 
increase the l ipase activity (25 mg every 6 hours). 

13. What are the appropriate preoperative preparations and intraoperative and postoperative 
considerations for a patient with possible sickle cell disease who is to undergo hand surgery? 

Before surgery the patient should be well-hydrated. Preoperative transfusions are indicated only 
i f  blood loss has been massive or the hematocrit is below 20% (hemoglobin less than 7 gm/ 1 00 ml) .  
Patients wi th  sickle ce l l  disease normally tolerate hemocrit levels of 25-30%. 

During surgery the patient should be well-oxygenated. Inspired oxygen concentrat ions of 
40-50% are adequate. Ideally the patient should be preoxygenated. [n  addit ion, the body tempera
ture should be kept normal . Hypothermia may promote sickl ing. Many sources advise against the 
use of tourniquets. However, tourniquets have been safely used without evidence of sickl ing or pre
c ip i tation of a cri s i s .  If the patient i s  well-hydrated and well -oxygenated. tourn iquets are safe. 
Postoperatively the same principles apply. 

S ickle cell crisis is treated with bed rest, hydration, oxygenation, analgesics, sodium bicarbon
ate for acidosis, and possibly transfusions. 

14. What are the anesthetic considerations for repair of a trochanteric decubitus ulcer in the 
lateral position? 

During surgery, the position of the patient causes several changes that may be important to the 
surgeon. In the l ateral decubitus posi t ion, blood pools in the lower or dependent port ion .  Poo l ing 
may be worsened i f  the patient is also paraplegic because autonomic regulat ion of the c i rculatory 
system is less effective. In addi t ion, the lateral posi t ion l imi ts expansion of the l ungs by l imi t ing 
chest movement. As the dependent lung is compressed, a venti lation/perfus ion mi smatch occurs, 
causing increases in  physiologic dead space and carbon dioxide retent ion.  Hypoxemia may result .  
The usual treatment is PEEP. 

15.  A patient vomits and aspirates during induction of anesthesia. What is the appropriate 
treatment? 

Immediately upon consideration of aspiration the patient should be ti lted to a head-down position, 
which allows residual gastric contents to drain. The mouth and pharyngeal regions should be suctioned, 
and endotracheal intubation should be performed immediately. Suctioning through the endotracheal 
tube should precede administration of positive pressure oxygen. After endotracheaJ suctioning 1 00% 
oxygen should be given. The insertion of a nasogastric tube should be prompt, and the pH of the aspi
rate should be determined. The significant pH level i s  2.5 .  A pH above 2.5 y ields a physiologic re
sponse that is not much different from aspiration of water. A pH below 2.5 significantly increases the 
risk of aspiration pneumonia. A pH below 1 .5 involves significant risk of pulmonary damage. 

Possibly the earliest s ign of significant aspiration is hypoxia. If blood gas analysis shows any el
ement of hypoxia, posit ive pressure vent i lation should be instituted immediately. Adjunctive mea
sures such as antibiotics and steroids have been proposed. Prophylactic antibiotics are not currently 
recommended. The use of corticosteroids remains controversial . 

16.  What preoperative instructions should be given for a IO-month-old child before cleft lip repair? 
In the past, the policy was avoidance of oral ingestion for 8 hours. However, studies of younger 

chi ldren show that giving clear fluids to infants up to three hours before surgery is safe. This principle 
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applies at least through adolescence. Preoperative sedation is also possible and sometimes helpful ;  a 
typical agent is pentobarbital , 5 mg/kg. For children less than 6 months old, pentobarbital is proba
bly unnecessary. 

Intraoperatively the use of l idocaine and epinephrine as a local injection is  helpful .  Large doses 
of epinephrine are not recommended in patients under halothane anesthesia. However, halothane is 
becoming less used as a general anesthetic agent. In addition, the maximal dose of epinephrine, I 0 
mg/kg, is rarely exceeded because of the small volumes required. Usually a I -cc total of injection 
solut ion is  adequate. 

1 7. What is the critical anesthetic problem in a patient with cleft palate? How is it managed? 
Establishment and protection of the airway are the key issues in repair of the cleft palate. During 

in tu bation and positioning, frequently with the neck hyperextended, maintenance of the airway is 
crucial, along with meticulous attention to positioning of the endotracheal tube. Postoperatively at
tention should be given to monitoring of airway obstruction, bleeding, and respiratory obstruction. 
Airway obstruction secondary to edema is possible. Signi ficant blood loss may occur with repair of 
the palate, considering the size of the child. Requirement of blood transfusion is  unusual, but loss of 
up to 200 cc of blood has been reported. Postoperatively careful attention to airway monitoring and 
careful suctioning of  the pharynx are necessary. Some physicians recommend placement of a trac
tion suture in the tongue in case posterior obstruction due to the tongue occurs. Use of an oral or a 
nasal airway is contraindicated because of the significant risk of disrupting the surgical repair. Either 
a lateral or prone posi t ion with the patient's head turned to one side and dependent is bel ieved to be 
opt imal. This position is  easily achieved by placing a small towel or blanket under the chi ld's hips. 

18.  A 1 0-year-old girl is scheduled to undergo a bilateral otoplasty for prominent ears. The 
parents are concerned because an uncle died during anesthesia several years ago. During the 
course of anesthesia the patient develops tachycardia, early cyanosis, and some increased 
rigidity in  the muscles. What are the probable diagnosis and appropriate treatment? 

Preoperative consideration of possible malignant hyperthermia is necessary. The family history 
of an anesthetic death is important. Approximately one-third of the cases of mal ignant hyperthermia 
occur in patients who have had previous uneventful anesthesia. 

Mal ignant hyperthermia is a c l inical syndrome characterized by accelerated metabol ism, which 
usual ly manifests as tachycardia, cyanosis, sweating, rigidity, blood pressure abnormali ties, and an 
increase in  end-tidal C02. Only 30% of patients display an increase in temperature. However, when 
temperature is  elevated, it commonly goes as high as 42° or 43° C.  The family history is  frequently 
positive for musculoskeletal abnormalit ies. 

If possible, anesthesia should be performed using barbi turate sedat ion and local anesthetics. 
Both ester and amide local anesthetics are safe. All inhalation anesthetics, except ni trous oxide, are 
considered unsafe. Curare and phenothiazines are controvers ia l .  Most other drugs are considered 
safe, including antibiotics, propofol,  barbiturates, opiates, antipyretics, and antihistamines. 

If mal ignant hyperthennia is suspected during surgery, all anesthetics should be stopped and 
1 00% oxygen should be administered. The patient should be hypervent i lated, good access should be 
obtained for monitoring of central venous pressure, and an arterial line should be insened. Dantrolene 
sodium should be administered at a dose of 2.5 mg/kg. This dose may be supplemented with I -mg 
boluses to a total of I 0 mg/kg. Rapid cooling should be initiated for core temperatures of about 40° C. 
Acidosis and hyperkalemia should be treated (sodium bicarbonate, 2 mEq/kg) .  Arrhythmias usually 
respond to procainamide ( 1 5  mg/kg) .  Cardiorespiratory support and monitoring should be available. 

Postoperatively, coagulopathy, renal failure, hypothermia, pulmonary edema, hyperkalemia, and 
recurrence are possible. Dantrolene should be given for approx imately 3 days after the attack. In  ad
dition, the family and patient should be counseled about the event and its signi ficance. 

1 9. Why is sodium bicarbonate sometimes added to local anesthetics? 
Local anesthetics are in a balanced solution between ion ized and nonionized forms.  The non

ionizecl form goes into the nerve t i ssue more rapidly. Alkal in ization of the solut ion changes the 
concentration of  the nonionized form and thereby increases the rapidity of onset and effective
ness. Appropriate doses of sodium bicarbonate are I mEq/ I 0 ml of l idocaine and 0. 1 mEq/20 ml 
of bupivacaine. 
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20. A patient with a 25 % total body surface area burn is taken to the operating room for tan
gential excision and grafting of burn wounds 2 weeks after injury. During induction of anes
thesia, succinylcholine is given as a muscle relaxant. The patient begins to show cardiac 
irregularities, and the procedure is terminated. What is the probable cause? 

Although the exact mechanism of this response is  somewhat unclear, a profound relea e of 
potassium from muscle has been wel l  documented in burn patients after administration of succinyl
chol i ne.  An increased number of muscle receptor s i tes for acetylchol ine has been documented in 
burn victims. The agonist to acetylcholine, succinylcholine, may be responsible for the massive, and 
sometimes fatal, release of potassium. This response has been documented almost 1 1/2 years after the 
burn. For this reason, succinylcholine is  not recommended as a muscle relaxer in bum patients for up 
to 2 years after injury. Nondepolarizing relaxants are recommended, such as D-tubocurarine, pan
curonium, Atracurium, and Yecuronium. Even these agents show a variable response in  burn pa
tients. Although they are general ly considered safe, patients may show variable degrees of 
resistance. Monitoring with a nerve stimulator is  important. 

2 1 .  During tangential excision of a 30% full-thickness burn, a patient begins to become hy
potensive. What are the  most likely causes? 

Burn wound debridement, although relatively straightforward from a surgical point of v iew, in
volves complex anesthetic concerns. The patient is metabol ical ly unstable because of the severe 
injury. Strict attention to fluid and electrolytes is  required. A massive amount of fl u ids can be lost 
not only through the burn itself but also through exposure of injured skin and the heating effect of 
the dry air in the room. Underestimation of fluid loss is common. In  addition, the possibi l i ty of sen
sitivity to medications should be considered. In burn patients, one of the most common sensit ivi t ies 
is transfusion reaction. Administration of blood intraoperatively is routine, but a hemolytic type re
action may occur when incompatible blood is admin istered. Although rare because of h igh blood 
bank standards, this problem still occurs. In awake patients signs include hypotension, fever. chi l ls ,  
shortness of breath, and pain. However, under general anesthesia the only s ign i s  unexplained hy
potension. Documentation by showing free hemoglobin in the urine is  helpfu l ,  but response to the 
hypotension takes precedence. Treatment consists of cessation of surgery and al l  blood products, hy
dration, vasopressors, and inotropic agents, if  necessary. Urine output should be maintained by rapid 
adminis trat ion of fluids,  and diuretics such as mannitol and loop agents should be considered. 
H istorically, sodium bicarbonate has been proposed. The rationale is  that alkalinized urine improves 
the solubility of the hemoglobin and its breakdown components. The actual value of this strategy has 
been poorly documented. Another possible cause of hypotension during anesthesia i the overadmin
istration of narcotics and sedatives. The proper anesthetic protocol in a burn patient always consists 
of careful ,  slow t i tration of agents. 

22. What is the maximal amount of bupivacaine ( Marcaine)  that can be added to 50 ml of 
0.5% xylocaine in an intravenous regional anesthetic for the upper extermity to prolong dura
tion of action? 

None. The long action of bupivacaine on skeletal muscle results in a significant risk of car
diotoxicity i f  it is  given intravenously. Al though there are a few anecdotal reports of its use, intra
venous injection is  absolutely contraindicated. 

23. A 65-year-old man is scheduled to undergo general anesthesia for extensive resection of an 
oral cancer 4 months after having a myocardial infarction. Should surgery be delayed? 

This is a difficul t  problem. Mult iple studies have consistently shown that perioperative mor
bidity, reinfarction, and mortal i ty are s ignificantly greater if general anesthesia is used within 6 
months of a myocardial  infarction. The general status of the patient as well as the status of his car
diac disease should be evaluated. If the patient can cl imb stairs and perform s imple exercises with
out becoming short of breath, demonstrating cardiac arrythmia, developing chest pain, or having 
s ign ificant symptoms, he may be considered for surgery if medica l ly  necessary. On the other 
hand, presence of any of the above signs or symptoms is significant. A lso important are the exper
t i se of the anesthesiologist in deal ing with cardiac patients and the severity and duration of the 
procedure. 
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24. When is it usually considered safe to discharge a patient after outpatient surgery under 
general anesthesia? 

Although each fac i l i ty needs to establish its own criteria, they usually include stable blood pres
sure and pulse, respirations within 20% of preoperative values, alert and oriented mental status, and 
steady gait with minimal or no assistance. Also important are absence of active bleeding, control
lable pain, minimal nausea, and discharge with an appropriate, trustworthy adult. 
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4 .  TISSU E  EXPANSION 

Ernes t  K .  Manders, M . D .  

1 .  I s  controlled tissue expansion a phenomenon of the past 40 years o r  so? 
No. It originated sometime in antiqu ity when our ancestors decided to expand earlobes or l ips 

by inserting objects of ever larger diameter. In this century, Dr. Charles Neumann of New York was 
the first to carry out a control led expansion of periauricular skin using a subcutaneous balloon filled 
with air. This work was reported in 1 956, published in 1 957, and forgotten. Soft tissue expansion en
tered the practice of plastic and reconstructive surgery through the efforts of the late Dr. Chedomir 
Radovan. Reviewers resisted his idea, and it took 3 years to get his discovery on a national program. 
H is  design of a s i l icone elastomer envelope with a remote self-sealing injection port became the first 
standard dev ice. Periodic inject ions of sal ine were used to distend the overlying t issues to create 
flaps for reconstructive surgery. 

2. What factors should one consider in selecting a patient for tissue expansion? 
Not every patient is  a suitable candidate for the use of soft tissue expansion as a reconstructive 

technique. The patient must understand that two operations are required, that the temporary defor
mity may be inconvenient and hard to disguise, and that it is impossible to say exactly when the ex
pansion wi l l  be complete. Pat ients must understand that the process must be a fforded the t ime 
required to generate the tissue necessary for reconstruction. Patients who specify that the expansion 
must be completed over the summer are imposing l imitations on the technique and may be disap
pointed when the actual advancement fal ls  short of the goal. All patients should be counseled that 
two expansions may be required. 

3. Where should expanders be placed? 
Expanders should be placed under t issue that best matches the lost tissue; s imi lar t issue gives 

the best reconstruction. Normal landmarks must not be distorted. For example, the eyebrow should 
not be undermined and moved. It is of paramount importance that the surgeon ask, "Where do I want 
the final scars to l ie?" The reconstruction should begin with the goal of imposing a minimum of 
scars. Vascular territories and patterns of innervation should be preserved whenever possible. 
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4. What expanders are available? 
Expanders come in a wide variety of sizes and styles. They may be smal l ,  perhaps a few cubic cen

timeters in size, or designed to hold a l iter or more. The devices may be fitted with remote inject ion 
ports or ports integrated into the envelopes themselves. The envelopes may be bonded to stiff backers 
or have no back. The expanders may be round, rectangular, oval, or crescent-shaped (the croissant ex
pander). The envelope may be of unifonn thickness and compliance or may be constructed to expand 
differentially or directionally. The envelope may be smooth or textured on its outer su1face. 

5. What are the advantages of the various designs? 
Expanders with integrated valves are often used for breast reconstruction. They are especial ly 

useful in the head and neck because no d issection of a pocket for the remote port i s  requ i red. 
Differential expansion is used in the design of breast reconstruction devices because more t issue is  
needed at the lower pole of the reconstruction s i te than in the upper infrac lav icular area. The crois
sant expander is well suited for reconstruction of defects on flat or cyl indrical surfaces. The defect is 
half surrounded by the expander, al lowing better geometry of expansion with the largest expansion 
developed in the l ine of greatest advance. Remote ports can be placed atop the edge of an expander i f  
desired; this technique effectively simulates the convenience of an integrated injection port. 

6. Where do you place the incision for a tissue expander insertion? 
Where to place the incision for expander insertion is somewhat controversial .  Some authorities 

argue for a remote incision. Some assert that the incision should be oriented radial ly to the edge of 
the expander. The author believes that the best incis ion is usual ly placed at the edge of  the defect. 
The scar in this posi t ion wi l l  be removed at the t ime of advancement of the expanded flap. If the 
defect to be replaced is a nevus, the incision should be placed entirely within the nevus so that the 
normal skin is  not scarred and wasted. The reader is reminded of the question, "Where do I want the 
final scars to l ie?" The incision must be made in stable tissue that is  expected to heal . 

7. What technical failures at the time of insertion will cause an expansion to fai l '? 
The most common reason for the failure of an expansion is the construction of a pocket of inad

equate size for the expander that is  placed into it . Protrusion of the expander through the incision or 
projection of wrinkles of envelope through the overlying tissue often resul ts from the surgeon ·s over
estimation of the size of the pocket. The expander must l ie flat, and the expander back, if one is pre
sent, must not be curled or flexed so that the edge pushes into the l ine of closure. 

8. When do you begin fill ing an expander? How much saline do you add each time? 
It is our practice to begin fill ing an expander I week after surgery if the wound is stable. The process 

of filling depends on the pressure in the expander. One cannot prescribe a given volume for injection at 
regular in tervals. Often the expansion proceeds fairly rapidly and then becomes more difficult wi th 
h igher ending pressures in the expander and discomfort noted by the patient. At thi point the tissues 
need a rest. One can easily forego a weekly injection or simply inject less saline. On every occasion the 
safest strategy is to inject until the patient reports that the expansion is just struiing to feel tight. 

9. When is the patient ready to return to the operating room for advancement? 
The patient is ready for advancement when the flap wi l l  produce the desired re ·ul t .  If the flap i s  

to be  advanced, i t  must have sufficient dimensions and suitable geometry to  cover the  defect. One 
measures the arc over the top of the expander and subtracts the width of the expander mass. The dif
ference is an estimate of the advancement that can be made. The difference should equal or exceed 
the width of the defect. 

For breast reconstruction, the expansion should proceed unti l the distance from the c lavicle to 
the midmammary l ine at the inframammru·y fold on the expanded side equals or exceeds the same 
distance on the normal, unoperated side. Then fluid should be removed unti l  the olume of the ex
pander resembles that of the nonnal breast. The distance from the clavicle to the i nframammary fold 
should be measured again. Most l ikely the distance wil l  have shortened because the pressure on the 
skin and capsule are reduced by partial deflation of the expander. The fluid should be returned and 
expansion should continue until the partially deflated dimensions of the reconstructed skin envelope 
equal those of the normal breast. 
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10. How do you make the advancement? 
The advancement should be s imple .  The skin in inc ised with a scalpe l ,  and then an electro

cautery blade with a round, not sharp, t ip is  used to open the subcutaneous t issues and capsule. A 
needle point usually results in a punctured envelope; avoid using a needle t ip. It should not be neces
sary in most cases-except nasal and ear reconstructions-to excise the capsule formed around the 
expander. S imply advance the expanded flap and determine that it wi l l  replace the defect before the 
defect itself is excised. If the trial advance shows that you wi l l  come up short, do a subtotal resection 
of the defect, leave an expander in place, and plan to finish the job on another clay. 

1 1 . What aftercare is required? 
Very l ittle aftercare is  required. Patients may shower on the first day after advancement. Drains 

are managed as usual .  Do not rush to touch-up surgery, especia l ly for dog-ears, which usual ly re
solve with time. 

12. What touch-up surgery may be required? 
The area of the body undergoing surgery determines the size of the final scar. The back usually 

produces a larger scar than the scalp. Infrequently dog-ears may need to be revised; be patient before 
attempting revis ion. Local areas of alopecia from hair fol l icles in telogen phase often reverse them
selves and hair density returns to normal. Concavities usually disappear, especial ly the concavit ies, 
or bathtub clefom1ities, seen over the sku l l .  

13.  Where does the expanded skin come from? 
Austad and Pasyk addressed this question. Both short-term, immediate factors and long-term 

changes yield an increase in dimension. In the short term, pressure forces interstitial fluid out of the 
tissues, allowing greater extension. Viscoelastic deformation, te1med "creep," and recruitment of ad
jacent mobile soft t issue also contribute to the arc of skin over the acute expansion. Growth occurs 
with an increase in the collagen content and ground substance of the skin flap as dimensions increase. 

14. What happens to the mitotic index of expanded skin? 
In  t issue culture 20-30 minutes of stretch is enough to init iate a round of DNA synthes is  and 

cel lular mitosis. The m itotic rate of skin has been demonstrated to increase with the appl ication of 
tension. When the expander beneath expanded skin is deflated, the mitotic index fal ls  to a subnormal 
leve l .  This fi nding is thought to be consistent with c l inical observations of  skin contraction wi th 
weight loss  and flattening of dog-ears after flap advancement. 

15. Can the expander envelo1>e rupture because of the internal expander pressure? 
No. The expander envelope cannot rupture even when the patient lies on the expander. The ex

pander is contained and supported by a tough collagen capsule surrounding the expander. The cap
sule l imits expansion and supports the elastomer envelope when external pressure is  placed on the 
expander mound. 

1 6. What l imits the rate of expansion? 
The rate of  expansion is l imi ted by the relaxation and growth of the tissues overl ying the ex

pander. Pain is an important s ignal and must be avoided at al l  times. There should be absolutely 
no pain during the process of  expansion .  Prior irradiat ion and scar formation may s low expan
s ion  or even make it imposs ib le .  Tissues undergoing expansion must have the capacity for 
growth .  Some t i ssues e longate more s lowly than others and may l im i t  the rate of  expans ion .  
Peripheral nerves d o  not tolerate pressures o f  more than 40 mml-lg for sustained periods, and i f  a 
nerve is located in the expanding flap, or even immecliaiely under an expander, paresthesias may 
slow the rate of inflation. 

17. How many times can an expander be used? 
Many t imes-but not in North America. The expander devices available in the North American 

market are extremely well engineered. The Food and Drug Administration has specified that the de
v ices are meant for s ingle use.  I t  is  our practice to save expanders after their removal . They are 
washed and wrapped, then steri l ized and sent to surgeons and plastic surgery units in the developing 
world where they can be reused many times. 
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18. What is the effect of expansion on blood tlow in the tissues over the expander? 
Several independent studies have demonstrated that blood flow in expanded t i ssue is aug

mented. In our studies, the flow in a critical flap was doubled when measured with microsphere per
fusion experiments. Expanded skin flaps survive to a length at least equal to that of a delayed flap. A 
new network of vessel s  just above the capsule has been demonstrated by h istologic studies. These 
vessels involute with time after expander removal. 

19. What histologic changes occur with expansion? 
Other histologic changes of note are thinning of the dermis with eventual collagen realignment 

and deposition. The epidermis shows definite thickening. Fat may be compressed and, i f  subjected to 
h igh pressures, may atrophy. Thin muscles, such as the frontalis, also may suffer the same injury. 
Skin appendages are relatively unaffected. The hair fol l icles are moved apart by large scalp exten
sions. Bone may show resorption at the outer cortical surface. Typically this defect is  repaired and a 
normal contour restored after removal of the expander. 

20. What areas are especially suitable for soft tissue expansion reconstructions? 
The scalp and breast are especial ly well suited to reconstruction us ing soft t issue expansion.  

Although some disagree, total nasal reconstruction is made straightforward when the forehead i s  ex
panded before raising it as a flap. An expanded forehead flap provides a complete nasal l in ing and 
al lows immediate closure of the donor s ite. The capsule and fronta l is  in the area turned inward to 
form the alar rims must be removed to allow a thin, attractive reconstruction. 

21. What will the future bring in the way of breast reconstruction? Will autogenous tissue re
construction replace tissue expansion? 

As reimbursement for breast reconstruction fal ls ,  pressures favoring outpatient reconstruction 
via soft tissue expansion wi l l  mount. It seems l ikely that the proportion of tissue expansion recon
structions wi l l  rise and the number of autogenous t issue reconstructions w i l l  fal l .  A lthough some 
have asserted that the costs were almost the same at their institutions, this has not been our experi
ence. The cost of t issue expansion reconstruction has been about one-half the cost of a transverse 
rectus abdominis muscle (TRAM) flap. Some insurers give lower reimbursements for bigger proce
dures to drive doctors toward less cost-intensive alternatives in reconstructive surgery. 

22. Where is it difficult or even inadvisable to use tissue expansion? 
Defects of the central face seldom require expansion. The bathtub defonnity in the facial fat is 

an unwanted outcome, even i f  temporary. The hands and feet are seldom rewarding sites for expan
sion. The neck remains one of the most frustrating s ites for expansion. If soft t issue is  needed for 
neck and/or face reconstruction, the best strategy is to expand the supraclavicular skin and tum it up 
as a large flap. The amount of t issue created by expansion on the neck is almost always overesti
mated because of the natural concavity under the jawline. Upward advancements over the jawl ine 
are frequently disappointing in outcome. 

23. What are contraindications and relative contraindications to soft tissue expansion? 
Contraindications include expansion near a mal ignancy, under a skin graft, under very t ight 

t issue, near an open leg wound, or in an irradiated field.  Relative contraindication include expan
sion near an open wound (not in the leg), near a hemangioma, under an incision, or in a psychologi
cally incompetent patient. 

24. Should famil ies and patients be trusted to do their own expansions at home? 
Most ce1tainly. Injection of saline into a tissue expander is certainly less risky than administering 

insulin. Fami l ies can learn to perform home expansion safely and effectively for family members . 

25. How can you-or a chi ld's family-measure the intraluminal pressure of an expander 
during a home intlation? 

If using a scalp vein needle with a short length of tubing between the needle and the hub connect
ing to the syringe, one has a built-in manometer. If the syringe is removed from the hub and the tubing 
is held extended straight up into the air, the standing height of saline is  equivalent to about 20 mm Hg. 
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I f  the meniscus falls in the tube, the intraluminal expander pressure is less. If flu id overflows from the 
hub, the pressure is greater then 20 mm Hg. No tissue is injured i f  a 20 mmHg l imit is observed. 

26. Does a textured surface on an expander make a difference? 
Although some enthusiasts claim that using an expander with a textured surface is beneficial, in 

at least one double-blind perspective study, no benefit was demonstrated. We have not found a tex
tured surface to be of benefit. No differences were observed when one side of a symmetric expander 
was textured and the other side was smooth. 

27. What are some of the inherent advantages of tissue expansion? 
Tissue expansion provides tissue for reconstruction that is most l i ke the lost tissue. It is matched 

in color, texture, and hair-bearing characteristics. The t issue may be sensate. The donor defect is 
minimal .  Usually the contour is superior to that achieved with another technique. Tissue expansion 
often can be performed entirely on an outpatient basis under local anesthesia. Seldom is tissue lost; 
if an exposure or infection occurs, the expander is removed and rep laced in 2-3 months in most 
cases. Large flaps with increased vascularity may be created for the reconstruction of defects that 
were formerly approached with no alternatives but skin grafts. 
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5 .  ALLO PLASTIC I M PLANTATION 

Stephen P Daane, M . D .  

1 .  What are the advantages of alloplastic materials? 
I .  No donor site morbidity from a second surgical site. 
2 .  Reduced operative time compared with harvesting a graft. 
3. Unlimited supply of al loplastic materials. 
4.  Prefabricated implants may be tailored to the individual patient. 
5. Unlike autogenous materials (bone, cartilage, dermis, fat, fascia), there is no scar formation 

or reabsorption of the implant over time. 

2. How are biomedical alloplants classified? 
B iomedical a l loplants are c lass ified as e i ther l iquids ( i njectable s i l icone, col lagen) or solids 

(metals, polymers, ceramics). The physical form of the implants (sol id or mesh, smooth or rough) 
determines whether the implant is encapsulated as a whole or whether fibrous tissue wi l l  penetrate 
the interstices of the implant. Selection of specific all op las tic implant materials can be advantageous 
in different cl inical situations: vigorous tissue ingrowth into Marlex polypropylene mesh provides a 
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strong, long-lasting repair, whereas fibrous encapsulation of a Hunter rod si l icone tendon prosthesis 
ensures free gl iding of a subsequent tendon graft. 

3. What are the properties of' the ideal implant? 
The ideal implant should fulfi l l  certain conditions: ( I )  biologically compatible; (2) nontoxic; (3 ) 

nonallergenic; (4) productive of no foreign-body inflammatory response; (5)  mechanically reliable; 
(6) resistant to resorption and deformation; (7) nonsupportive of the growth of microorgan isms; (8 )  
easy to shape, remove, and sterilize; and (9 )  radiolucent (not interefere with CT or  MR) .  

4.  What i s  the goal of  alloplastic implantation? 
The goal of implantation materials is to simulate a missing part while evoking minimal reaction 

from the host. Polymers are most commonly used as bulk space fillers for soft tissue contour restora
tion, as with nasal, chin, auric le, or breast implants. The biologic response to the polymer group of 
materials generally consists of a normal inflammatory response, deposition of col lagen fibers. and 
maturation of fibrous connective t issue that completely encapsulates the implant in 4-6 weeks. I n  
some instances a restrictive capsular fibrosis occurs, a biologic response that may be  related to my
ofibroblast activity and may require surgical correction . 

The qual i ty of the t issue envelope holding the implant must also be considered.  If the blood 
supply i s  marginal  (as with i rradiated t issues), the chance of extrusion i s  high, or the implant is 
placed in a t ight pocket, the chance of bony resportion beneath the implant i s  high. Princ ip les of 
placing hard implants include ( 1 )  shaping the edges to avoid hard comers, (2)  burying the implant as 
deeply as possible under the skin and subcutaneous tissue, (3)  avoiding tension in adjacent tissues or 
tension against the overlying skin, (4) placing the incis ion as far from the implant as possible, (5 )  
handling the implant gently, and (6)  using the proper stiffness of  material (hard implants should not 
be used for tissue replacement) .  

5. What is the Oppenheimer effect? 
In 1 948,  Oppenheimer reported that metal implants placed in  experimental animals could 

induce tumors. Further experiments showed that the composition of the material was unimportant; 
maximal tumorigenesis occurred when the material had a smooth, continuous surface. Other charac
teristics of this phenomenon were minimal size requirement (0.5 x 0.5 cm in rats) and minimal time 
requirement for the implant to remain in situ (6 months in rats). Tumors appeared after a l atent 
period of approximately 300 days. 

Rare c l inical reports of tumor occurrence adjacent to al loplastic implants in humans are consis
tent with the Oppenheimer effect,  al though extensive human c l in ical experience has not demon
strated a strong association between carcinogenicity and medical al loplants. However. to rule out the 
oncogenic potential of implants, a follow-up period of 20-50 years would be necessary to match the 
short latent period of animal tumors. 

6. What are bioabsorbable plates and screws'? 
Experimentation with absorbable polymers led to the development of poly-L-lactic acid ( PLA) 

and polyglycol ic  acid ( PGA) as resorbable implantable devices. When used alone. PLA forms a 
strong crystall ine lattice that takes months or years to undergo hydrolysis, whereas PGA used alone 
produces an implant that loses its tensile strength quickly and is resorbed within weeks to months. 
Pure PGA was first marketed as Dexon suture; Yicryl suture is a mix of 8% PLA and 92% PGA. A 
chondrocyte-seeded PLA/PGA polymer similar to Vicryl has recently been used in the t issue engi
neering of cart i lage scaffolding. A copolymer of PLA (82%) and PGA ( 1 8%) consistently demon
strated adequate ini t ial strength and complete resorption after 9- 1 5  months. This combination had 
been used in resorbable surgical c l ips and microvascular couplers and was i ntroduced as the 
LactoSorb craniofacial plate fixation system in 1 996. 

The theoretical advantage of absorbable PLA/PGA over titanium hardware in pediatric cranio
facial surgery is that the plates are resorbed and do not put the patient at risk for intracranial migra
t ion of hardware or growth restrict ion. Meta l l ic fixation also in terferes with postoperative 
radiographic imaging, oncologic fol low-up, and evaluation of fracture heal ing. The characteristics of 
ini tial strength fol lowed by complete resport ion at I year may make LactoSorb a valuable tool for 
rigid bony fixation in craniofacial surgery. 
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7. Which metals are suitable for implantation in plastic surgery"? 
( I )  Stainless steel, (2) Vital l ium, and (3) t i tanium. Thei r  uses include plate-and-screw fixation 

sets for craniofac ial surgery and hand surgery and as hemocl ips, cranial plates, artificial joints, and 
dental implants. 

The term stainless steel refers to a large group of iron-chromium-nickel alloys that were first used 
as biomedical implants in the 1 920s. Orthopedic devices of stainless steel were adapted to craniofacial 
surgery for rigid fixation; however, they were found to undergo a high degree of corrosion with a po
tential for implant failure after several years. Compared with stainless steel, Vita l l ium and t i tanium 
have superior corrosion resistance, partially due to a protective oxide layer that forms on their surface. 

Vitallium is  a cobalt-chromium-molybdenum alloy introduced in the 1 930s. It has a higher tensile 
resistance to fatigue or fracture than stainless steel or t i tanium. Because of its high tensi le strength, 
lower-profi le plates that have narrow interconnecting bars between the holes can be implanted. 

Titanium was introduced as an implant material in Europe in the 1 940s. Unalloyed t itanium is 
much more mal leable than stainless steel or Vital lium. Malleability faci l i tates bending to fit the complex 
topography of the facial skeleton (e.g., titanium mesh is useful for orbital floor reconstrnction in blowout 
fractures). Titanium al loy ( t i tanium-aluminum-vanadium) has a tensi le strength simi lar to Vital l ium. 
Titanium is the least co1rnsive for implantation and has the least a1tifact on CT and MR imaging studies. 

8. How are injectable collagens used"? 
Col lagen is a large protein made up of repeat ing peptide triple hel ices, represent ing 25% of the 

body's protein .  The use of injectable col lagen for the correction of small wrinkles and contour defor
mities was first reported in 1 977, and in 1 98 1  a highly purified form of i njectable bov ine col lagen 
was developed. Zyderm I and the follow-up products, Zyderm II  and Zyplast ,  are administered by 
injection during outpatient v i s i ts .  The injectable col lagens shrink as they extrude water and u l t i 
mately bioclegracle within the host. Zyclerm I and II are steri l ized fibri l lar bovine col lagen, 95% type 
I and 5% type I l l .  The peptide encl regions, thought to be the most antigenic sites on the molecule, 
are enzymat ically removed. Zyplast , introduced in 1 985, resu lts from cross-l inking the col l agen with 
glutaraldehyde to give i t  a longer l ifespan. These products di ffer primarily in rates of resorption. 

Zyclerm I has a col lagen concentration of 35 mg/cc. It is useful for superficial dermal defects in 
thin skin, such as fine periorbital and perioral wrinkles. Zyclerm II has a collegen concentration of 65 
mg/cc, which may leave transient bumps at injection sites. This material is  usually used for defects 
in thicker skin, such as glabel lar l ines, nasolabial l ines, transverse forehead l ines, or acne scarring. 
Zyplast is  a more rigid material and should be injected into the deep dermis to prevent a superficial 
bump. Zyplast is  recommended for glabel lar folds, nasolabial folds, and postrhinoplasty defects in 
the deep dermis. Lip augmenration is not an approved use for bovine col lagen. Using Zydem1 I or I I ,  
overcorrection to 1 .5 or 2 times the initial depth of the deficiency is recommended, because absorp
tion of the sal ine can·ier leaves 30% of the injected voume. Zyplast retains the injected volume and 
overcorrection is not advocated. 

Another commonly used collagen implant is catgut suture, harvested from the fibrous t issue of 
beef or sheep intestinal wal l .  

9.  What are the major concerns with the use of' injectable collagens"? 
The main concerns about injectable col lagens are the need for repeated injections and the pres

ence of c i rculat ing antibodies to bovine collagen, although they are not known to cross-react with 
human col lagen.  Skin testing is  performed preoperatively, and local ized hypersensi t iv i ty reactions 
develop in 1 -4% of patients. Reinjection for maintenance is required every 6 months to 2 years. In 
areas where mechanical stresses may be higher (e.g., facial wrinkles), ongoing correction is  required 
more frequent ly. Contraindications to injectable collagen include autoimmune disease, v iral pock 
marks, "ice-pick" acne scars or incluratecl scars, and hypersensitiv ity reactions to skin testing. 

10. What is hydroxyapatite"? 
Ca 10(PO )6(0H)2, or hydroxyapatite ( HA),  is  the major inorganic const i tuent of bone. Corals 

of the genus Porites create a calcium carbonate exoskeleton resembling human bone with an aver
age pore size of 200 µ. Surgical vendors convert the calcium carbonate skeleton into HA through 
an exchange reaction of the carbonate for phosphate. The resultant material has the porous anatomy 
of bone with identical chemical composition. HA is capable of strongly bonding to adjacent bone. 
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Compared w ith onlay bone grafts, HA demonstrates excellent maintenance of contour and volume. 
HA implants e l ic i t  no foreign-body or inflammatory response. 

1 1 . How is HA used in plastic surgery? 
HA is available in block fonn (porous or solid) and as granules. I t  is used most commonly to aug

ment the contour of the facial skeleton or as a bone graft substitute in orthognathic surgery. 
Contouring of HA blocks is perfonned with dental burrs. Lag screw fixation is suggested when HA 
blocks are placed in an on lay manner, because osteointegration wil l  not occur i f  the blocks are mobile. 

Porous H A  blocks and H A  granules are rapidly invaded by fibrovascular t issue; within 2-3 
months there is histologic evidence of direct osseous union between implant and bone. HA is osteo
conductive in that i t  provides a matrix for deposition of new bone from adjacent l iv ing bone. HA is 
not osteogenic because it will not induce new bone formation when placed in  ectopic s i tes such as 
muscle or fat. Long-term radiographic follow-up shows a lack of resorption of HA implants. The 
typical composition of HA granules or porous HA implants on follow-up biopsy specimens is ap
proximately one-third HA, one-third new bone, and one-third soft tissue. 

HA blocks are brittle but gain rapidly in strength as the implant pores are invaded by fibrovas
cular t issue and bone; the u l t imate compressive strength exceeds masticatory forces of the jaws. 
Complication rates for porous HA implants in large c l in ical series have been in the 4- 1 0% range. 
The low infection rate is thought to be due to an abundant blood supply. Infection is l ikely to occur 
with a deficiency of soft tissue coverage. 

HA granules may be mixed with Avitene or blood and microfibri l lar col lagen, then placed into a 
carefu l ly  dissected subperiosteal pocket to produce a desired contour. Granular HA is somewhat 
more difficul t  to handle .  Although solid HA has a high extrusion rate when used for alveolar ridge 
augmentat ion,  HA granu les have been used qui te successfu l ly  for this appl ication; they become 
strongly anchored by fibrous tissue. 

12. How is synthetic HA used in plastic surgery? 
BoneSource is a synthetic HA cement that was first used cl in ically in 1 99 1 .  When mixed with 

water and a drying agent (sodium phosphate), BoneSource powder fom1s a paste that hardens to 
form a microporous implant within 1 5  minutes. It is completely biocompatible wi th no inflamma
tory tissue response. In addition to its ease of application, the infection rate is extremely low. 

Although experiments in fel ine cranial defects and init ial anecdotal cl in ical reports indicated re
sorption of BoneSource, longer follow-up in humans has shown that HA cement maintains its shape 
and volume over time. The wound bed must be dry at closure. HA cement stimulates bony ingrowth 
when p laced in contact with bone, whether in an inlay or onlay position in the facial  ske leton. 
Currently, the approved indication for HA cement is for calvarial defects of up to 25 cm2, although it 
is also commonly used for facial skeletal augmentation. Experiements mixing HA cement with pro
tein growth factors to enhance bony ingrowth are under way. 

13.  Which polymer is most often used for facial augmentation? Why? 
High-density porous polyethylene ( Medpor) is replacing si l icone as the most commonly used 

material for facial augmentation procedures. Medpor has a void volume of up to 50%. Pore sizes 
ranging from 1 00-250 µ al low stabi l ization of the implant through bony and soft tissue ingrowth. 
The foreign body reaction to Medpor is m inimal ,  with only a thin fibrous capsule and few giant 
cells. I t  has low infection and extrusion rates, with no loss of the implant on long-tem1 fol low-up. 

Medpor is available in sheets and blocks that can be sculpted at the time of surgery and a pre
formed implants for chin augmentation, malar augmentation, and microtia reconstruction. It is also 
useful for orbital floor blowout fractures and as a columellar strut for cleft rhinoplasty. 

14. What are the physical properties of silicone? 
Polydimethyls i loxane ( PDMS), or s i l icone, is a repeating chain of -S i-0- units, w ith methyl 

groups attached to the s i l icon atoms. S i l icone can simulate different soft tissues as a l iquid, gel,  or 
rubber by varying the length and cross-linking of the PDMS chains. S i l icone fluids are short, straight 
chains of PDMS, gels are lightly cross-linked chains of PDMS, and elastomers are longer chains of 
PDMS that are cross-l inked to a greater degree. Amorphous si l ica part icles (30 µ) may be added to 
increase the tensile strength of si l icone rubber. 
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S i l icone is h ighly biocompatible, nontoxic, nonallergenic, and resistant to biodegradation. The 
tissue response is l imited to a mi ld foreign body reaction followed by encapsulation. S i l icone cannot 
be rendered porous to improve its incorporation into tissues; instead, a fibrous capsule forms around 
the implant. Capuslar contracture is the most common complication after breast augmentation and 
may occur uni laterally in patients with bilateral implants. 

15. What are the disadvantages of using silicone? 
l .  Propensity of si l icone rubbers to tear easi ly or fail in heavy stress applications (e.g. ,  Swanson 

finger joint implants). 
2 .  Difficulty removing gel foam from soft tissues in case of implant failure. 
3.  Bone resorption beneath sil icone implants placed subperiosteally for augmentation (e.g., chin). 
4. The smoothness of sil icone implants makes them prone to extrusion when placed superfi

cially (e.g., S i lastic placed in the nose or ear). 
5. Si l icone rubbers are permeable, allowing proteins or l ipids to become adsorbed onto the sur

face of an implant, which may alter its physical properties and lead to fai l ure. 

16. How is silicone currently used? 
Currently si l icone is used in ventriculoperitoneal shunts, pacemakers, heart valves, myrmgotomy 

tubes, and intraocular lenses. In plastic surgery si l icone is used for aesthetic contour restoration in 
breast and facial reconstruction; orbital lloor implants in facial fractures; tissue expanders and pros
thetic penile devices; and finger joint replacements. As an injectable l iquid, si l icone was once used 
for augmentation of facial soft tissues and breast enlargement. However, si l icone injections were ul
t imately affected by gravity with loss of the augmentation effect after a period of  years. Infection 
and chronic inflammation, m igration of the material, and inappropriate usage led to its withdrawal 
from the market. However, an injectable form of gel-coated si l icone microbeads (B ioplastique) has 
recently been approved for c l in ical trials. 

17. How is methylmethacrylate used in plastic surgery? 
Methylmethacrylate, a self-curing acrylic resin, is used for securing joint components to bone 

and as a craniofacial bone substitute. Advantages of this inexpensive material include ease of surgi
cal manipulat ion,  density s imi lar to bone, radiolucency, and good long-term t issue tolerance. 
Methylmethacrylate is available in two forms: as a heat-cured, preformed implant or as a cold-cured 
implant that can be molded in the operat ing room and contoured with burrs after harden ing. The 
body's response to methylmethacrylate is minimal, consisting of a typical foreign body reaction that 
subsides as the implant becomes enveloped by fibrous tissue. 

Methylmethacrylate forms an exothermic reaction while curing. This reaction may damage tis
sues; cardiac arrest also has been reported during the curing process due to absorption. The major 
late problems are infection, extrusion, or mechanical fai lure due to deterioration of the bone-poly
mer interface. R isks of  infection are decreased by keeping the edge of  the implant at least 1 cm 
away from a skin incision and avoiding the use of methylmethacrylate under skin grafts or scarred 
tissues. 

Methylmethacrylate is used in orthopedics as a bone cement for joint replacements, in neuro
surgery for reconstruction of cranial defects, and in dentistry for denture plates. In plastic surgery, 
gentamicin-impregnated methylmethacrylate beads are used in conjunction with muscle flaps to 
treat infected long bone fractures. Methylmethacrylate is a lso used for forehead augmentation and 
chest wall reconstruction. For di fficult reconstructions, implants can be created before an operation 
based on a moulage or from CT scan data ;rnd computer-assisted mi l l ing. HTR, a recently available 
composite of methylmethacrylate, is porous and negatively charged to stimulate bony growth. 

18. What is cyanoacrylate? How is it used? 
Cyanoacrylate ("superglue") is a strong, biodegradable tissue adhesive that polymerizes in con

tact with t issues. lt may be used as a hemostatic agent or to "glue" t issues together in a surgical 
wound. Its binding is not affected by moisture or blood. Cyanoacrylate is widely used in orthopedics 
for hardware fixation and has been used for aortic and l iver trauma, but it has found l imi ted use in 
plastic surgery for blood vessel anastomoses, wound c losure, flexor tendon repair, appl ication of 
skin· grafts, or hemostasis. In strength comparison studies, cyanoacrylate is comparable to plate and 
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screw fixation in the facial skeleton and comparable to suture for wound closures. Cyanoacrylate is  
easy to handle i n  the operating room. There is  a mild toxicity from the degradat ion products,  
formaldehyde and cyanoacetate, which can be detected in the urine. 

Recently, the FDA approved Dermabond, a cyanoacrylate "topical skin cohesive." In a multicen
ter trial of  more than 800 patients, Dermabond compared favorably with sutures in the emergency 
repair of lacerations and punctures, general surgical incisions, and fac ial plastic procedures. 
Dermabond polymerizes within one minute and begins to peel off in 7- 1 0  days. 

1 9. Which fluorocarbon polymers are used in plastic surgery? 
Fluorocarbon polymers as a group are resistant to chemical degradation and minimal ly reactive 

when placed in the body. Of the fluorocarbon polymers used in plastic surgery. Teflon is l imited to 
vocal cord reconstruction and Proplast was withdrawn from the market i n  1 990. Only PTFE 
(GoreTex) is  in common use today. 

Proplast I is a black-colored composite of Teflon and carbon that was developed in 1 970. With 
a void volume of 75% and pores ranging from 80-400 µ in size, its tissue ingrowth property Jed to 
its use as an augmentation material for the chin, zygoma, and orbital rim area. Proplast II is  a white
colored composite of  Teflon and aluminum oxide that is more suitable for superficial implantation. 
In addit ion to rapid t issue ingrowth, Proplast can be sculpted and impregnated with antibiotics .  
However, frequent biomechanical fai lure of Proplast temporomand ibular joint implants led to the 
withdrawal of Proplast by the FDA in l 990. 

Polytetratluoroethylene (PTFE) consists of non-cross-linked l inear polymers of fluorinated 
carbon units with molecular weights of 6- 1 0  mi l l ion. The carbon-fluorine bonds are highly resistant 
to degradation. PTFE is inert, nonadhesive, and nonfrictional; i t  el icits virtually no inflammatory re
sponse within the body. It is nonal lergenic and noncarcinogenic and has no immune reactiv ity. 

GoreTex is  a polymer sheet of expanded PTFE interconnected by Teflon fibr i ls ,  y ie lding 
tremendous strength. Pores of  up to 30 µ resul t  from the expansion, al lowing a small  amount of 
tissue ingrowth. GoreTex is useful for vascular reconstruction and soft t issue augmentation. GoreTex 
has been used in the face for the correction of wrinkles and for l ip ,  chin. nasal. and forehead aug
mentation. It also is used for l igament repair, chest wall or abdominal wall reconstruction, static sus
pension of  the paralyzed face, and guided t issue regenerat ion (GTR). Problems with extrusion or 
migration of  GoreTex implants are reduced when the implants are properly fixed to the t issues .  
Infection rates with GoreTex implants are very low. 

20. What are osseointegrated implants? 
Osseointegrat ion is the harmon ious coexistence of implant, bone, and soft t issue .  Osseo

integrated percutaneous implants al low the attachment of a prosthesis to an implant that is  anchored 
to bone but penetrates the skin or mucosa. In the first stage, a titanium implant is  placed into bone 
and buried beneath the periosteum or soft t issues for 3 months to provide osseointegrat ion. At a 
second stage, the implant is uncovered and a permanent prosthesis is made for fixation to the im
plant. The implant must  be absolutely stable during the first 3-6 months of heal ing; otherwise, con
nective t i ssue rather than bone may form at the implant surface. Threaded implants with smal l  
pores are more l ikely than smooth implants to establ ish in i t ia l  stabil i ty, and t i tan ium is used be
cause the oxide layer that readi ly forms on the implant's surface is important to t is  ue interaction. 
More recently, HA-coated t i tanium implants have been used. Success rates greater than 95% have 
been reported us ing osseointegrated implants for dental restoration and prosthetic fac ial parts on 
long-term fol low-up. 

21 .  Should patients with implants undergo antibiotic prophylaxis? 
The potential of an implant material to promote infection is an impo11ant consideration. For ex

ample, experiments have shown that the requirement of I 06 organisms to produce a pus-forming in
fection is  lowered to IOO orgainisms in the presence of a braided si lk suture. Although studies have 
shown a beneficial effect for perioperative antibiotic prophylaxis in patients undergoing implanta
tion with al loplastic materials, usually only patients with prosthetic hea11 valves or hips receive an
tibiotics when undergoing dental procedures that cause a trnnsient bacteremia. It seems possible that 
breast implants or other materials may serve as a nidus for bacterial colonization, although fom1al 
recommendations for antibiotic prophylaxis in such patients have never been made. 
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6 .  TH E PROBLEMATIC WO U N D  

Thomas J .  Krizek , M . D .  

1 .  What is a problematic wound? What causes it? 
The goal of wound heal ing is to obtain successful closure of the wound with an intact epithelial 

layer. A wound becomes problematic when it presents unusual d ifficulty i n  obtain ing such c losure. 
The difficulty may relate to the configuration of the wound in which the technique or mechanics of 
closure is  the main issue. The difficulty also may relate to problems intrinsic to the wound itself. 
Systemic (e.g., sickle cel l  anemia, administration of steroids) or local factors (e.g., bactei-ial contam
ination) may affect wound healing. 

2. What are primary, secondary, and tertiary wound closure? 
Closure of wounds in which the edges can be directly approximated is referred to as first inten

tion or primary closure. The typical example is a surgical wound. Closure with sut·ures, staples, tape, 
or other means brings the edges together and maintains approximation while the wound experiences 
the heal ing stages of inflammation and early fibroplasia. In certain wounds, such as a burn wound, 
primary closure cannot be achieved; the surgeon awaits and promotes spontaneous reepithelial ization 
of the wound from viable epithelial elements in the wound itself or from the epithel ium at the margin. 
This approach, called second intention or secondary closure, is  associated with the potential prob
lems created by a wound that remains open: intense and prolonged inflammation, which, in turn, pro
motes excessive contraction and excessive fibroplasia. Secondary closure may result in an unsightly 
scar and, when across a joint, may limit motion clue to contracture. One approach to the wound that 
otherwise would be closed only by secondary means is to close the wound surgically by bringing tissue 
from elsewhere in the fom1 of a flap or graft. This technique is third intention or tertiary closure. 

3. What systemic problems may make a wound problematic? 
Systemic problems may affect the wound directly or indirectly. In patients with Ehlers-Danlos 

syndrome, for example, a defect in col lagen deposition results in less tensile strength and more elas
ticity. A deficiency in vitamin C (scurvy) makes the hydroxylation of praline to hyclroxyprol ine im
possible and causes a collagen cross-linking deficiency. Sickle cel l  anemia has profound local e ffects 
on healing. Chronic administration of steroids interferes with fibroplasia. It is important to recognize 
how few systemic conditions resul t  in wound closure d i fficu l ty. Such factors as malnutri t ion, 
anemia, age, and other systemic factors are clin ically relevant only at their extremes and only mar
ginally so; the body recognizes wound closure as a biologic priority. 
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4. What local factors may make a wound problematic? 
Far more frequent are local wound problems that render the wound biological ly rather than 

technically problematic. The most common examples include ischemia, pressure, radiation, foreign 
material/traumatic wounds, and bacterial contamination. 

5. What are the guidelines for handling ischemic wounds? 
Ischemic wounds must be evaluated for reversible vascular problems (for example, bypass surgery). 

Venous wounds are also ischemic, perhaps from functional shunting of blood from the arterial to the 
venous side of circulation, bypassing the ulcerated area. Some evidence suggests that microvascular free 
tissue transfer from the arm or scapular area provides venous drainage. Closure with ti sue containing 
valves makes recurrence less severe than closure merely with grafts. Lymphatic disease is particularly 
difficult because, as in venous wounds, edema is an ongoing problem. Edematous tissue is particularly 
prone to streptococcal infection, which, when it heals, results in more lymphatic scarring and thus more 
edema. Unna boots (containing calamine, zinc oxide, and gelatin), e lastic support, and prophylaxis 
against streptococci are of long-te1m value. Growth factors may soon be commercially available for use in 
diabetic arterial disease and other wounds. Sickle ceU ulcers, when skin-grafted, usually recur promptly if 
the patient is allowed to have a crisis during the healing phase. If the hematocrit is maintained above 35% 
or so, crisis wil l not occur and the grafted skin has a chance to mature and become less easily traumatized. 

6. What are the guidelines for handling pressure wounds? 
Wounds resulting from unrelieved pressure, usually in patients without sensation (quadrip legics, 

paraplegics, neuropathics, and patients with chronic debi l i tating central neurologic problems) are 
extremely di fficult  and cannot be successful ly managed unless the underly ing cause is corrected. 
Successful wound closure in unselected patients, even with sophist icated muscle flaps, is probably 
less than I 0%. With careful education and l imitation of surgery to the most compliant patients, 
muscle closure of pressure sores is  successful i n  about 75% of cases. Many problematic p ressure 
wounds are best managed by creating a control led wound-namely, a wound without excessive con
tamination that can be maintained indefinitely by local wound care. The wound, i f  not excessively 
large, i s  of  no danger to the patient; this approach is useful in patients i n  whom the success o f  
surgery is small .  The use of growth factors i n  compliant patients may result  in succe sful closure o f  
pressure wounds b y  second intention t o  a degree formerly thought impossible. 

7. How are radiated wounds managed? 
Radiation injuries may be acute or chronic. Acute injury, which is  seen only in industrial acci

dents, is rare because the dangers are so well known. Chronic injury may occur from industrial ex
posure or formerly from therapeutic treatment of acne or other benign conditions. Fortunately the 
generation of patients so injured has largely passed, and no new patients are being added. Most prob
lematic wounds that we encounter are due to therapeutic radiation for malignancy and fal l  into the 
category of subacute injury. The ult imate effect of radiation on the tissue is  not necessarily to pro
duce ischemia; in fact, radiated wounds are usual ly quite wel l  vascularized and bleed easily. instead, 
the radiation destroys stem cells necessary for both revascularization and fibroplasia. In many radia
tion wounds a split-thickness skin graft wi l l  close the wound nicely. In others, vascularized tissue, in 
the form of muscular or musculocutaneous flaps or free microvascular flaps, gives the wound a new 
start wi th tissue that brings its own blood supply and stem cells. 

8. What about traumatic wounds? 
Sir James Learmonth, surgeon to the Queen of England, provided guidel ines on which it is  hard 

to improve. The key to managing such wounds is  adequate debridement: 
Of the edge of the skin, And muscle much more, 
take a piece very thin. 
The tighter the fascia, 
the more you should slash 'er. 

unti l  you see fresh gore. 
And the bundles contract, 
at the least impact. 
Leave intact the bone, 
except bits quite alone. 

Learmonth emphas ized the value of accurate debridement as the single most important factor in 
preparing the traumatic/contaminated wound for closure. The skin is  highly vascular. and excessive 
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removal is  unnecessary. Intravenous fluorescein and examination of skin with a Wood's lamp offer 
accurate del ineation of vascular compared with devital ized skin. Foreign bodies must be removed 
before closure. Wounds should be explored for metall ic  foreign bodies such as needles, only with ra
diographic control available. The needle in the haystack is easier to find than the needle in the sole of 
the foot. In addition to accurate debridement and removal of foreign bodies, irrigation is essential. 

The figure below shows a grossly contaminated, neglected wound of the leg with an exposed 
tibial fracture. We need to debride, irrigate, and bring it into bacterial balance. When these goals are 
accomplished, our technical v i rtuosity wi l l  be used to close i t .  But first, debride the wound. 

Open tibial fracrure with contaminated wound. The wound needs to be debrided and irrigated under pressure, and bac
terial flora in soft tissue and bone should be detennined by quantitative microbiologic techniques. Only when bacter
ial contrnl can be documented is the technical virtuosity of the reconstrnctive surgeon employed to close the wound. 

9. Which irrigation fluid should be used? How much? 
Most irrigation i s  designed to remove particulate matter, which is  often difficult to see, and bac

teria, which cannot be seen. If one measures particulate matter and bacterial flora in an open wound 
quantitatively, before and after irrigation, one has an excellent model to study the effect of irrigation. 
Surface irrigation-for example, with a bulb syringe-is only marginally effective and then only for 
surface bacteria. Bacteria lodged in the tissue are not reduced by this technique whether one uses I 
l i ter or 20 l i ters. "Di lution is the solution to pollution" only when irrigation is perfonned with pres
sure; pressure i rrigation wi th the jet lavage or Systec- l ike systems at about 70 PSI (pounds per 
square inch) reduces bacteria counts and the amount of particulate matter. Although sal ine i s  readi ly 
available, R inger's l actate i s  probably a better choice.  The amount depends on the nature o f  the 
wound. Small wounds irrigated in the emergency department with a syringe and fine needle require 
only a few ounces, whereas l arge wounds require proportionately more. 

10. What about bacterial contamination? 
Humans are not germ-free. Our skin is contaminated by bacterial flora that are both transient and 

resident. Transient flora, which reflect contact with the environment, may be extremely high after 
contact with heavi ly contaminated material or relatively low if they are exposed to the air, dry up, and 
die from lack of nourishment. We remove transient bacteria when we wash our hands before patient 
contact or before entering the operating room. Resident flora, which reside in the hair fol l icles and skin 
glands, are "nomial." A biopsy culture of normal skin identifies about I 03 microorganism per gram of 
skin. S imi larly the mucous membrane of the oral cavity and the mucosa of the bowel are colonized. 
The mere presence of bacteria does not constitute infection. Rather than being free of bacteria, we l ive 
in delicate balance with them-a balance that can be identified and measured with great precision. 

1 1. What is quantitative microbiology? 
All microbiology laboratories routinely culture urine to dete1111 ine whether a level of 1 00,000 

( 1 05) microorganisms i s  present. A level less than 1 05 microorganisms indicates contamination, 
whereas a level more than I 05 microorganisms indicates invasive infection. For the past 40 years sur
gical biologists have used the same technology to measure bacterial contamination in the t issue of 
open wounds. A specimen is obtained, weighed, and converted to l iquid on a weight/volume basis 
and then cultured in the same fashion as urine cul tures. The number of microorganisms per gram of 
tissue is determined. The surface bacteria in a wound are ins ignificant because they are so eas i ly 
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e l iminated. Surface swabs for culture fai l  to recognize the bacteria in the depths of  the wound
which make the difference. 

The rapid sl ide test provides information about whether the wound has more than 1 05 m icroor
ganisms per gram of t issue in less than 3a minutes. It does not identify the exact organisms or their 
sensitivities, but it i s  useful in screening contaminated wounds. 

12. Does quantitative microbiology make a difference? 
Gertrude Stein has been quoted as saying, "A difference, to be a difference, must make a differ

ence." A l l  differences are not necessarily important, but quantitative microbiology makes a d iffer
ence. When fewer than L a5 microorganisms are present in the tissue, invasive infection w i l l  not 
occur, wounds will close spontaneously, and skin grafts wi l l  take with uniform success. When the 
counts are greater than 105 microorganisms per gram of tissue, skin grafts will not take and invasive 
infection wi l l  occur. Streptococci, which are dangerous in  any quantity, are the exception that proves 
the rule. 

Of interest, I a8- l a9 m icroorganism per gram of tissue are necessary to produce cl in ical evidence 
of pus; the difference, therefore, between what can be seen with the naked eye and the critical level of 
bacteria is  a difference of almost I ,aaa-fold. In a cl inical study of random wounds in the emergency 
department, the number of wounds with more than 1 a5 microorganisms per gram was 2a%. This i s  
the  average infection rate in wounds managed in emergency departments nationally. When wounds 
wi th fewer than L a5 microorganisms were closed, the infection rate dropped to less than l %. 

The importance of quantitative microbiology in bone also has been demonstrated. When sternal 
wounds are debrided and closed only when bone cultures show fewer than 1 05 microorganisms per 
gram, the infection rate for wounds is al l  but eliminated. Quantitative microbiology adds scientific 
precision to the measurement of soft t issue contamination and makes wound closure,  by any modal
ity, a matter of cl in ical accuracy rather than guesswork. 

13. Should quantitative microbiology be used before closing all wounds? 
No. The use of any test in every case, no matter how inexpensive or readily available, is as inap

propriate as never using it .  Neither approach i s  biologically sound. Clean surgical wounds and trau
matic wounds under c lean conditions (e.g. ,  cuts around the home) are most l ike ly free of unusual 
contamination. Our studies have shown that almost 8a% of unselected wounds presenting to the emer
gency department fal l  into the clean category. It is the other 2a% that cause the infections. Quantitative 
microbiology is indicated in wounds that are known, by history, to be contaminated. Human bites in
volve major bacterial contamination. Most clog bites are "clean," because the dog's mouth has fewer 
than I a3 bacteria/gm unless the clog has eaten meat in the previous 8 hours. In this case, the counts go 
as high as I a7 bacteria/gm. The imaginative surgeon will ask about the dog's eating pattern, recogniz
ing the effect of meat (biscuits and dry food do not raise counts), and discern which wounds will bene
fit from quantitative counts. 

Clean wound 
Example: elective 

surgical incision, 
traumatic wound 
from clean knife 

j, 
Debride, i rr igate, 
close wound 

Contaminated wound 
Example: surgical wound in contaminated field 

j, 
Quantitative microbiologic bacterial count 

j, j, 
< I 05/gm 

J., 
Debride, irrigate, 
close wound 

> I 05/gm 
J., 

Debride, irrigate, leave open, 
use topical antibacterials 

J., 
Repeat quantitative microbiologic count 

J., J., 

Close wound 

> 1 a5/gm 
j, 

Repeat debridement, irr igate 

under pressure, apply topi 
cals unti l count i s  < I 05/gm 

Algorithm for managing clean and contaminated wounds. 
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14.  What is the value of antibacterial agents in problematic wounds? 
Antibacterial agents must be appropriate for the organism most l ikely to cause the infection and 

must be given at the proper time, in the proper dose, and by the proper route to be effective. 
Time. The proper t ime to give an antibacterial i s  before the contamination occurs so that an 

effective level is  present in the t issue when bacterial contamination occurs. Most persons do not 
walk around on antibacterial therapy. In patients with lymphedema or edema of a heal ing burn, 
however, long-term prophylaxis against streptococcal infection is appropriate, and a narrow-spec
trum agent (pen ic i l l in )  is  indicated. In many elective operations the intravenous administration of 
an antibacterial as surgery begins is appropriate and should be repeated at intervals if the operation 
is  prol onged. Contaminated, traumatic wounds also are appropriately treated wi th  systemic an
tibacterials if the danger of contamination is h igh and if the antibacterial can be del ivered within 
the golden period of about 3 hours .  Most c lean lacera t ions have min imal contaminat ion, and in  
large series of patients systemic antibacterials show no  advantage. I t  cannot be  emphasized enough 
that the widespread emerging res is tance of microorganisms to most, in some cases even a l l ,  an
tibacterials can largely be traced to the indiscriminate, broad-spectrum use of antibacterials when 
they are not indicated. 

Route. The bloodstream is the finest del ivery system yet invented and is to be preferred for all 
antibacterials unless scientific evidence indicates otherwise. After about 3--4 hours, antibacterials in 
the bloodstream no longer reach the wound. An open wound may be measured by quantitative bacte
rial culture before and during administration of systemic antibacterials. When systemic administra
tion of the antibacterial at many times the normal dosage has no effect on the bacterial level in the 
wound, one may conclude only that it is not the appropriate route. This, of course, is the scientific 
and biologic basis for the use of topical antibacterials, which reach the wound and, in fact, reduce 
the bacterial count. I t  is logical, therefore, when managing a contaminated wound to use the follow
ing steps: 

J .  Culture the wound by quantitative microbiologic techniques and determine the microorgan
ism that is present, at what level, and which antibacterial is appropriate. If the count is more than I a5 
microorganisms per gram of tissue, it is not safe to close the wound; if fewer than I as microorgan
isms per gram of tissue are present, close the wound. 

2. Use the antibacterial by the proper route until you can demonstrate that the bacterial count has 
been reduced to a safe level of fewer than I as microorganisms per gram of tissue. Then close the wound. 
The documented success rate for closure of wounds managed in this fashion is greater than 98%. 

15. My laboratory does not perform quantitative microbiology. Please comment. 
Hogwash. Every microbiologic laboratory in the United S tates performs quanti tative bacterial 

cultures on urine on a daily basis .  With simple equipment (less than $ I aa.aa) lab workers can weigh, 
crush, and d i lute soft t issue and perform the test in about 3a minutes (rapid slide). They can also give 
you accurate cultures and sensitivit ies in 24 hours, as they do with urine samples. They do not per
form quantitative analysis because you did not ask them to do so. Hospitals that spend mi l l ions of 
dollars on expensive equipment such as MRl wi l l  gladly perfom1 the test free of charge i f  you show 
them that you can prevent even one wound infection or save even one patient a s ingle clay in the hos
pital. There are more resistant surgeons than there are resistant microorganisms. 
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7 .  TH E FETAL WOU N D  

Eric J .  S telnicki , M . D . ,  M ichael T .  Longaker. M . D . ,  a nd Jeffrey Weinzweig , M D 

1. What is the major phenotypic difference that distinguishes fetal from adult wound healing? 
Unl ike the adult cutaneous skin wound, which heals with scar, fetal cutaneous wound healing is 

scarless, appearing more l ike tissue regeneration than wound repair. 

2. How was scarless fetal wound healing discovered? 
The observation that the human fetus heals without scar was original ly described by Rowlatt in 

1 979 but went unappreciated by the medical community until the early 1 980s when surgeons at the 
U niversity of Cal iforn ia  San Francisco made the observation that patients who underwent fetal 
surgery healed without scar. Only after this second observation did intense study into the process of 
fetal wound healing begin. 

3. Does the process of fetal wound healing fol low the same patterns as adult wound healing? 
No. Adult wound repair is  characterized by five stages: hemostasis, inflammation, prol iferation, 

early remodel ing, and late remodeling. The first th.ree stages take several weeks to be completed, and 
the final remodel ing stages may last for months to years. In contrast, the scarless fetal wound repair 
process occurs at an accelerated rate, with restoration of normal tissue architecture w ithin 5-7 days 
after injury; the acute inflammatory stage of healing is absent. 

4. Is the abil ity of the fetus to heal without scar purely a function of being in the womb, 
bathed by amnionic fluid? 

No. Two experiments prove that such is  not the case. First, fetal marsupials, which move outside 
the womb and develop in a maternal pouch, also heal without scar. Second, human fetal skin trans
planted onto the backs of adu l t  m ice with severe combined immunodefic iency also regenerate. 
Ne i ther of these cutaneous t i ssues is in contact with amnionic flu id during or after the time of 
wounding, indicating that the process is  intrinsic to the fetal cells. 

S. Are the same cells involved in the processes of fetal and adult wound healing? 
No. The presence of the inflammatory cell ,  particularly the macrophage, is essent ial  to normal 

adult wound healing. Without these cells normal epithelial ization and fibroblast prol i feration do not 
occur. The fetal wound, in contrast, contains few inflammatory cells and appears to be controlled 
purely by the act ivi t ies of the fetal fibroblast and epidermis .  In addit ion,  the funct ion of  the 
macrophage in  the fetal wound has yet to be determined. 

6. What effect does inflammation have on the fetal wound? 
The induction of inflammation in fetal cutaneous wounds induces adultlike scar formation. The 

same effect is  seen on fetal wounds regardless of the type of inflammatory stimulus. indicating that 
inflammatory cell s  somehow alter the function of the fetal fibroblast and make i t  respond in a more 
adul t like manner. 

7. What types of collagens are laid down within the fetal wound? 
The fetal wound is  repaired primarily by the rapid and highly organized deposition of type Ill col

lagen. The ratio of type Ill to type I coll agen is 3 :  l .  In  the adult wound type Ill collagen i s  laid down 
early i n  the healing process but is quickly replaced predominantly by type I collagen. At  the end of 
adult wound remodel ing the ratio of type III to type I collagen is 1 :3, the opposite of the fetal wound. 

8. What is the role of the extracel lular matrix (ECM) in fetal wound healing? 
Several features of  the extracel lu lar matrix (ECM) other than changes i n  collagen deposit ion 

characterize the fetal wound-heal ing process. First, hyaluronic acid (HA) is abundant in the fetal 
wound; i t  i s  produced 2 weeks longer than in adults. The abundance of HA is thought to aid in fi
broblast movement, to promote cellu lar proliferation, and to inhibit cellu lar differentiation. Second, 
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fibronectin is  deposited faster in fetal wounds (4 hours vs .  1 2  hours in adult wounds), rapidly pro
viding a good scaffo lding for epithel ial cel l  m igrat ion. Final ly, su l fated glycosaminoglycans 
(GAGs), such as decorin and heparin sul fate, are expressed at low levels in fetal wounds but increase 
with gestational age. This increase correlates with the development of scar formation after cutaneous 
wounding. It is thought that GAGs may play a role in the induction of cytodifferentiation. 

9. How may HA provide the matrix signal that coordinates healing by regeneration rather 
than by scarring? 

HA is a key structural and functional component of the ECM in instances of rapid tissue prolifera
tion, regeneration, and repair. HA is laid down early in the matrix of both fetal and adult wounds; how
ever, sustained deposition of HA is unique to fetal wound healing. Although the mechanism for prolonged 
HA deposition in fetal wounds remains unclear, the presence of HA-protein complexes in the fetal 
matrix may provide the signal responsible for promoting healing by regeneration rather than by scarring. 

10. Do all fetal tissues heal scarlessly? 
No. To date, fetal bone, skin, and palatal mucoperiosteum are the only e lements of the mam

mal ian fetus that appear to be able to regenerate after wounding. Studies of tendon, d iaphragm, 
nerve, and GI  tract have shown scar formation in response to wounding in both fetuses and adults. 

1 1 .  Do fetal wounds heal differently in congenital models and surgically created models? 
No. Models of dilantin- induced cleft l ip in mice and anabasine-induced cleft palate in goats heal 

in the same manner as analagous surgically created models in both species-scarlessly. 

12. Is there a time l imit to the process of fetal cutaneous wound healing'? 
Yes. The fetus is able to heal its wounds without scar only up to the early third trimester of ges

tation. After this point, cutaneous wounds develop an increasing amount of scar. 

13. Do all fetal cutaneous wounds heal without scar? 
No. Excisional wounds greater than 9 mm contract and heal with scar at any gestational age. 

Most second trimester excisional wounds of smal ler s ize heal scarlessly. After the early second 
trimester, as the fetus advances in age, the size of the excisional wound that can be repaired scar
lessly decreases proport ionately until the third trimester i s  reached and all wounds heal with scar. 

1 4. Does amniotic fluid play a role in wound contraction? 
Yes. Both fetal and adul t  fibroblast contraction are inhibited by human amniotic fl uid .  This 

effect progressively decreases with increasing wound size and advancing fetal age. 

1 5. Is the lack of wound contracture in the fetus due to lack of myofibroblasts in the skin? 
No. Mu ltiple studies using immunohistochemistry and transmission electron microscopy have 

demonstrated the presence of myofibroblasts in the fetal wound. The mere presence of these cel ls 
does not correlate with the abil ity to form a scar contracture. 

16. Can adult skin placed into a fetal environment heal without scar? 
No. Adul t  skin wounds always heal with scar regardless of their location. Experimental work in 

a fetal lamb model ,  in which adult maternal skin was placed as a graft with in a fetal cutaneous 
defect, demonstrated heali ng by scar formation consistent with typical adult wound healing. 

CONTROVERSIES 

17. What regulates the process of fetal wound healing? 
Current theories range from growth factor regulation to the coordinated expression of DNA-bind

ing proteins such as homeobox genes. Whatever the mechanism, it probably involves the process of 
decreased inflammation and regulation of increased fibroblast and epidermal proliferation. 

18. How do growth factor profiles differ between fetal and adult wounds? 
The fetal wound is characterized by a decrease in the activity of various growth factors such as 

transforming growth factor beta (TGF-�), platelet-derived growth factor (PDGF), and basic fibrob
last growth factor (bFGF) compared with adult wounds. When activated in the fetus, these growth 
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factors are expressed rapidly and for a short time. The addition of some exogenous growth factors to 
the fetal wound induces scar formation. This may explain why inflammatory cel ls  that secrete these 
growth factors force the fetal fibroblast to produce scar. The level of growth factor expression in the 
fetal wound is controversial because of several confl icting reports in the I i terature. A review of these 
reports indicates that the variable changes in fetal growth factor expression are both species- and 
model-dependent. 

1 9. What is the potential advantage of scarless fetal wound healing in the treatment of con
genital craniofacial anomalies? 

Scarless heal ing in utero may m inimize or prevent facial dysmorphology assoc iated with anom
alies such as cleft lip and palate. Max i l lary hypoplasia, with resultant m idface retrusion and relative 
prognathism, is  often the result  of surgically induced scar formation after repair of c left l ip and/or 
palate. Increased l ip  pressure after postnatal repair of cleft l ip  in animals is also associated with pro
gressive m idface hypoplasia.  Thus, the major advantage of scarless fetal wound heal i ng is  un
impaired facial growth without the adverse effect of the l ip and/or palate scar. 

20. Can scarless healing after in utero repair of cleft l ip and palate completely el iminate the 
facial growth abnormality associated with postnatal, surgically induced scar formation? 

Not l ikely. An intrinsic factor contributes to facial growth impairment in  the repaired as well  as 
unrepaired congen ital c left. The incidence of this factor is  unpredictable and variably expressed. 
This intrinsic component of facial  dysmorphology is unrelated to scar fomrntion and, thus, i s  largely 
unaffected by the nature of the healing process. However, the presence of scar may adversely affect 
the expression of this intrinsic factor, resulting in a greater degree of facial growth impairment. 
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8 .  MALIG NANT M E LANOMA 

Faizi A. Siddiqi ,  M . D . ,  Derlis Mart ino ,  M D ,  a nd Homayoun N .  Sasson ,  M . D .  

1 .  What causes cutaneous melanoma? 
Overall ,  genetic determinants play a major role in the pathogenesis of melanoma and normal 

and dysplastic nevi. Melanoma has long been known to have a higher incidence in fam il ies. Between 
5% and 1 0% of patients w i th melanoma have a family h istory of the disease i ndependent of  other 
factors such as sun exposure. Presently, several melanoma susceptibi l ity genes are under study. One 
of the most s ignificant is  the tumor suppressor gene for protein p 1 6, CDKN2, al terations of which 
have been found in  about one-half of all melanoma-prone fami lies. This protein is  a negative regula
tor of the cel l  cyc le .  M u tations in the N-ras oncogene were detected in 36% of a l l  patients with 
melanomas i n  one series. In  addition to the above, certain r isk factors have been identified for the de
velopment of the tumor: 

1 .  Sun exposure. After extensive study, sun exposure was found to be the most  important 
risk factor for melanoma. There i s  a closer association with u ltrav iolet (UV) B radiat ion ( wave
length of 290 nm) than U VA (wavelength of 375 nm) and v isible l ight (wave length of 600 nm).  
On the other hand,  studies of sunscreen use have suggested that  exposure to UVA also i ncreases 
the risk of  melanoma. Commonly used sunscreens block UVB but are transparent to UVA, which 
makes up 90-95% of the U V  energy i n  the solar spectrum. Thus, sunscreens may permi t  exces
sive exposure of the skin to portions of the solar radiation other than UVB and may increase the 
risk of melanoma. S tudies rel at ing sunburns to melanoma risk have shown a consistent associa
tion. Results showed an increased risk with an i ncrease in  the number of  bl istering sunburns. The 
evidence also suggests that sunburns a.re more dangerous in chi ldhood than l ater in l ife. Of in ter
est, intermittent sun exposure (e.g. ,  during summer holidays at the beach) rather than chronic sun 
exposure (e .g . ,  outdoor occupations l i ke farming or construct ion)  appears to be the main r i sk  
factor. 

2. Pigment traits. Persons with blue eyes, fair or red hair, and pale complexion a.re at h igher 
risk for melanoma. Hair color is  a stronger factor than eye color. 

3. Skin reaction to sunlight. People who get sunburned eas i ly and tan poorly are at an in
creased r isk for melanoma. However, pigment traits and skin reaction to sunlight are correlated with 
ea.ch other and may represent a common underlying sun-sensitivity trait. 

4 .  Freckling. Freckl ing is a characteristic pigmentation pattern related to poor sun tolerance 
and an increased risk of melanoma. 

5 .  Benign melanocytic nevi.  The number of nev i rather than their s ize has been related to a 
h igher melanoma. risk in many studies. The presence of dysplastic nevi with irregular edges and ir
regular pigmentation or inflammation is associated with increased risk of melanoma, and the number 
of dysplastic nevi more strongly predicts the risk than the total number of nevi of all types. 

6. Anthropometric indices. A prospective study showed an increased risk of melanoma with 
increasing height i n  both sexes. 

7. Immunosuppressive states. Renal transplant recipients and patients who have had cancers 
such as lymphoma have an increased risk of developing melanoma. 

2. What are the different types of melanoma? 
There are four types of melanoma: lentigo maligna, acral lentiginous, superfic ia l  spreading, and 

nodular. A l l  four types have two biologic phases: a horizontal (radial) growth phase (with epidermal 
involvement only) and a vertical growth phase (demial invasion). Metastatic invasion does not pose 
a threat in the horizontal growth phase because blood vessels do not occur in the epidermis. l n  the 
vertical growth phase, however, the deeper the melanoma invades the skin, the greater the possibi l i ty 
of hematogenous and lymphatic spread. 

Lentigo maligna melanoma accounts for 4-10% of cutaneous melanoma and is typically located 
in the head, neck, and arms of elderly individuals. The precursor in situ lesion, lentigo maligna, is usually 
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present for more than I 0- 1 5  years and attains large size (3-6-cm diameter) before progressing to ma
l ignancy. The lesion appears as a tan-to-brown macule or patch with variation in pigment or areas of 
regression that appear hypopigmented cl in ically. Malignant degeneration is  characterized by nodular 
development within the precursor lesion. 

Acral lentiginous melanoma is  the least common subtype, representing 2-8% of melanoma in 
Caucasians, a l though it accounts for 35-90% of melanoma in African Americans, Asians, and 
H ispanics. I t  typical ly occurs on the palms or soles or beneath the nail plate (subungual variant). 
Irregular pigmentation, large size (>3 cm diameter), and plantar location are characteristic features 
of acral lentiginous melanoma. 

Superficial spreading melanoma is the most common subtype, accounting for about 70% of 
all cases. It occurs most frequently on the upper back of men and women as well as the lower ex
tremities of women. The cl inical lesion typically shows irregular, asymmetric borders with color var
iegation and size typically greater than 6-8 mm. 

Nodular melanoma is  the second most common subtype of melanoma, occurring in 1 5-30% of 
patients. As with superfic ial spreading melanoma, legs and trunk are the most frequent s i tes of  oc
currence. Rapid growth, which corresponds to the lack of an identifiable radial growth phase, is  a 
hal lmark of nodu lar melanoma. Cl in ical ly  the lesion presents as a raised, dark brown-to-black 
papule or nodule; ulceration and bleeding are not uncommon. 

3. Why is the incidence of melanoma rising? 
The incidence of melanoma has been rising for the past several decades. In fact, it is  estimated 

that l in 57 Americans wi l l  be diagnosed with melanoma by the year 2000. Melanoma mortal ity 
rates also have been on the rise, but survival rates are improving. One of the more plausible explana
tions for the increased incidence is  the progressive depletion of the ozone layer. The stratospheric 
ozone l ayer is more effect ive in blocking UVA than UVB radiation. Thus, more UVB radiation 
reaches the earth's surface. As discussed above, UVB is the wavelength most associated with the de
velopment of melanoma. S ince 1 969, there has been a decrease of 3-7% in the ozone layer. It has 
been estimated that for each percentage decrease in the amount of ozone, melanoma incidence in
creases about I %. 

4. What are the indications to biopsy a lesion? What type of biopsy should be performed? 
The cornerstone of management of malignant melanoma is early diagnosis ,  which leads to treat

ment at a curable stage. I nspection alone is about 60-80% effective in ident ifying mal ignant 
melanoma. Other techniques, such as basel i ne fu l l -body photography of  patients with atypical 
moles, may be helpful. Appropriate biopsy of a suspicious pigmented lesion i s  essential to establish 
the diagnosis and to optimize histologic exam and staging. Any lesion that produces patient concern 
or that demonstrates changing morphology, pruritus, or bleeding and all new lesions or scalp lesions 
should be biopsied. Melanoma is not always suspected c lin ical ly, particularly with unusual variants 
such as desmoplastic or amelanotic lesions. 

An excisional biopsy is  recommended. This approach al lows adequate dist inct ion of  the neo
plasm from surrounding no1mal tissue and, if the lesion proves to be melanoma, adequate measure
ment of the thickness of i nvasion. However, i ncis ional biopsies or punch biopsies may be 
satisfactory for diagnosing melanoma, especially in large pigmented lesions in areas of cosmetic im
portance or where primary closure would be difficul t .  The shave biopsy technique should 1101 be 
used if melanoma i s  suspected. Transection of the les ion during shave biopsy may compromise 
histopathologic interpretation and prevent accurate measurement of thickness. 

5. What are the recommended prevention strategies? 
Patient education about the warning signs of melanoma has been successful ly achieved with the 

ABCDE criteria for a changing mole: 
Asymmetry 
Border-notching 
Color variegation with black, brown, red, blue or white hues 
Diameter greater than 6 mm ( larger than a pencil eraser) 
Elevation 
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In addition, increased publ ic awareness of the dangers of excessive sun exposure should be an 
important target, especially avoidance of exposure in young chi ldren, in whom the melanocytic pop
ulation is more unstable. Self-examination for melanoma is advocated and should be done by every
one, especial ly people with large numbers of melanocytic nevi (50 or more) before age 20 or after 
age 50 and people who have more than I 00 benign pigmented nevi or more than 20 pigmented nevi 
on the trunk or an extremity. 

6. How is prognosis determined? 
Tumor thickness and depth of invasion are the most important prognostic factors and help to 

guide treatment and management plans. In perhaps no other cancer can we derive a much prognos
t ic  information from the primary tumor alone. This factor was first defined by Clark, who deter
m ined five leve ls  of m icroinvasion.  Clark et al. showed that survival rates worsened with the 
increasing levels of invasion of melanoma cells. In 1 970, Breslow took Clark 's work a step further 
wi th quantitat ive measurement of the maximal vertical height of the tumor using an ocular microm
eter. B reslow's method avoids the confounding effect of the variable th ickness of the ret icular 
dermis .  This measurement is  easier and more accurate than the Clark level and appears to predict the 
risk of metastatic disease more precisely. Over the years, numerous thickness subsets, using large 
series of patients, have been measured for prognostic value. Breakpoints have been defined with re
spect to tumor thickness and stat istical survival .  The current breakpoints for staging are 0.75. 1 .5 ,  
and 4 .0  mm. In fact ,  there may not be natural breakpoints but rather a continuous l inear correlation 
of survival and tumor thickness. 

Other prognostic factors include: 
1. Ulceration, which is a statistically sign ificant independent factor, even after thickness of the 

tumor is taken into account; 
2. Lymphocyte infiltration, which has been reported as a favorable prognostic factor; 
3. Mitotic rate, which correlates inversely with survival. 
In addition, anatomic site (extremity lesions indicate improved survival rates compared with trun

cal lesions) and gender (women survive melanoma better than men) are important prognostic factors. 
Once the tumor has become metastat ic, the prognosis is  dramatically altered for the worse. The 

most common first site of metastasis is the regional lymph nodes. Presence of tumor in the lymph 
nodes makes the disease stage I l l  in the American Joint Committee on Cancer Class ification. As 
with certain other malignancies, the number of nodal metastases has been identified as the most im
portant prognostic factor for patients with lymph node involvement. 

Clark 
Level I 

Level II 
Level Ill 

Level IV 

Level V 

>3.0 mm 

Classification of primary melanoma according to depth of invasion. (Adapted from Schwartz S: Principles or 
Surgery, 6th ed. New York, McGraw-H i l l ,  1 996, p 526.) 
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Tumor-Node-Metas/C/sis Classification of Melanoma of the Skin 

Primary tumor (T) 
TX No evidence of primary rumor (unknown primary or primary tumor removed and not examined 

histologically) 

TO Atypical melanocytic hyperplasia (Clark level I ), not a mal ignant lesion 

T l  Invasion o f  papil lary dermis ( level I I )  or 0.75 mm i n  thickness or less 

T2 Invasion of the papi l lary/reticular-dermal interface ( level l l I )  or 0.76- 1 .5 mm in thickness 
T3 Invasion of reticular dermis ( level IV) or 1 .5 1 --4 mm in thickness 
T4 Invasion of subcutaneous t issue ( level V) or 4. 1 mm or more in thickness or satellite(s) within 2 

cm of any primary melanoma 

Nodal involvement (N)  
NX Minimal requirements to assess the regional nodes cannot be met 
NO No regional lymph node involvement 

N l  Involvement of only one regional lymph node station; negative regional lymph nodes and < 5 in
transit metastases beyond 2 cm from primary site 

4 1  

N2 Any one of the fol lowing: ( I )  involvement of > I regional node station; (2) regional node(s) over 5 
cm in diameter or fixed; (3 )  5 or more in-transit metastases or any in-transit metastasis beyond 2 

cm from primary site with regional lymph node involvement 

Distant metastasis (M) 
MX Minimal requirements to assess the presence of distant metastasis cannot be met 
MO No known distal metastasis 
M l  Involvement of skin or subcutaneous tissue beyond the site o f  primary lymph node drainage 
M2 Visceral metastasis (spread to any distant site other than skin or subcutaneous tissues) 

Adapted from Schwartz S :  Principles of Surgery, 6th eel. New York, McGraw-Hi l l ,  1 996, p 525. 

Staging System for Melanoma Adopted by the American J oint Committee on Cancer 

STAGE THICKNESS/LEVEL TNM CATEGORY 5-YEAR SURVIVAL (%) 

IA � 0.75 mm or level ll T l ,  NO, MO > 90 

1B 0.76- 1 .5 mm or level I l l  T2, NO, MO 

IIA I .5 1 --4 mm or level IV T3, NO, MO 70 

IIB > 4 mm or level V T4, NO, MO 

III  Limited nodal metastasis Any T, N I ,  MO 35 

IV Advanced local metastasis Any T, N2, MO < 2 
Distant metastasis Any T, any N, M I  or M2 

Adapted from Rogers G, et al: New approaches to treating advanced melanoma: Acljuvant treatment of high-risk 
primary melanoma and boron capture therapy. Semin Cutan Med Surg 1 6: 1 66, 1 997. 

7. What treatment strategies currently complement surgery? 
No therapy is effect iv e  as a consistent cure for melanoma that has spread beyond the reg i onal  

nodes. Combinations of chemotherapy, radiotherapy, and immunotherapy have been tr ied i n  patients 

w ith advanced m elanoma, and the best response rates have been less than 25%. Of these approaches, 

immunotherapy seems the most promis ing ,  mostly because melanoma is one of the most i mmuno

genic of all s o l i d  t umors. However, at this point no therapy appears to be better than dacarbazine  

a lone .  The u l t im ate goal  is  to  devel op a melanoma vaccine  to b lock the in i t ia l  pathogenesis of the  

tumor i n  h i gh-r isk pat ients .  For  t h i s  purpose, approxim ately 70 d i fferent ant igens e xpressed in  

melanoma cel l s  have been defined by monoclonal ant ibodies.  None of these has  proved to be truly 

m e l a no-spec i fi c .  Vaccines  prepared with these ant igens i n  various m ixt ures are c u rrent ly u nder 

study.  Current ly, two innovative immunotherapeutic modal i ties are used to treat advanced d i sease : 

high-dose i nterleukin-2 ( I L-2) therapy and high-dose interferon alpha-2b. Both treatments are highly 

toxic, and their exact i ndications are currently being defined. 

8. How do melanomas metastasize? 
Metastatic d isease usually follows a sequent ial order: first to the regional lymph nodes and then 

to d istant s i tes,  including subcutaneous t issue, l ung, l iver, brain,  bone, and v isceral organs. Distant 
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metastasis portends a poor prognosis with a 5-year survival rate of less than 1 0%. Pecul iar types of  
metastatic disease in such patients are the  so-called "sate l l i tes" and "in-transit" metastases, which 
develop in  2-20% of patients with melanoma. These cohesive aggregates of tumor cel ls  are found 
with in the dermal subcutaneous tissue or blood vessels (or both). They are separated from the main 
mass of the tumor by normal t issue and represent microscopic metastatic lesions. Sate l l ites occur 
within an area of 5 cm from the primary tumor, whereas in-transit lesions are farther away than 5 
cm. The incidence of nodal metastatic involvement correlates with the presence of these lesions. The 
presence of m icroscopic satellites and in-transit metastasi s  correlates with a poor rate of patient sur
vival and is  associated with an increased frequency of local and nodal disease compared with other 
tumors matched in thickness but without satellites. 

9. What kinds of moles have malignant potential? 
Malignant melanoma may arise de novo or from a precursor melanocytic nevu . Precursor le

sions include congenital melanocytic nevi, common acquired melanocytic nev i ,  dysplastic nevi, and 
melanoma in situ. Remnants of a benign melanocytic nevus can be found in up to 35% of melanoma 
biopsy specimens. Patients with large congenital melanocytic nevi are at increased ri k for the devel
opment of melanoma. These nevi have, or are predicted to have, a largest diameter of 20 cm in adult
hood. I t  is  recommended that they be evaluated for excision early in l i fe. 

1 0. What is a dysplastic nevus? 
Dysplastic nevi represent a c linically heterogeneous group of melanocytic nevi that tend to be 

l arger (usually >5mm) than ordinary nevi and have more i l l-defined borders. The lesions are typi
cally seen on the trunk and extremities but may be found anywhere on the body. Many have the over
all morphology of a fried egg. They usually are acquired in adolescence but may appear in chi ldhood. 
Dysplastic nevi may occur in two cl inical settings: 

l .  Patients with a personal or fami ly h istory of mal ignant melanoma or fami l ia l  dysplastic 
nevus syndrome 

2.  Patients without such a history, the so-called sporadic dysplastic nevus syndrome. 
The fami l ia l  syndrome is a distinctive cl in icopathologic entity, and patients in this group are at 

an increased risk for the development of melanoma. However, the sporadic syndrome i s  less well
defined, and the inc idence of  melanoma i s  relatively smal l .  In  terms of management, dysplastic 
nevi are not precancerous lesions in themselves but rather c l inical  markers for increased risk of  
melanoma. Such patients should be examined frequently wi th  the  aid of total body photography on 
either a semiannual or annual basis ;  excision is  recommended with a change in c l inical appearance. 

1 1 .  What is the surgical approach to the primary melanoma lesion? 
The fundamental principle in  the surgical treatment of mal ignant melanoma, as with other ma

l ignant tumors, is  excision of the melanoma with pathological ly negative margins. In the past, exci
s ion margins  of  4-5 cm were deemed necessary to obtain local control ;  they resu l ted in l arge 
defects requ iring spl i t-thickness skin grafting with accompanying morbidity, i ncreased hospital 
stay, and increased cost.  Once i t  was revealed that tumor thickness influenced prognosis, prospec
tive randomized studies were init iated to determine the margins necessary to obtain local contro l .  
Based on these trials, i t  is  clear that most primary cutaneous melanomas can be managed with exci
sion and primary c losure wi th acceptable local contro l .  Advantages of this approach include less 
wound morbidity, reduced need for skin graft ing, and reduced costs. Based on the findings of  the 
studies, I -cm margins are adequate for very thin lesions. For lesions deeper than 2 mm, a margin of 
2 cm is adequate. I f  the lesion is  1-2 mm in thickness, a 2-cm margin i s  adequate; a 1 -cm margin is  
associated with only a 3% local recurrence rate, which may have no impact on survival. 

Recommended Margins of Resection for Primary Melanoma 

THICKNESS (mm) MARGI (cm) 

Melanoma in situ 0.5 
< 1 .0 
1 .0-2.0 1 -2 
2 .0-4.0 2 
> 4.0 2-4 
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12. What is the significance of the regional nodal basin? 
The most common site of metastatic disease in patients with malignant melanoma is the regional 

nodal basin; risk of nodal metastases is related to depth of the primary lesion. The risk of identifiable 
synchronous nodal metastases is  2- 1 0% in patients with primary lesions < I mm in thickness. In pa
tients with inte1mediate lesions ( 1--4 mm in thickness), the risk of identifiable synchronous nodal metas
tases is  20-25%. For patients with thick primary melanomas (> 4 mm), the risk is  50-60%. 
Identification of nodal metastases is the most powerful factor for predicting survival. Survival is  associ
ated not only with the presence of nodal metastases but also with the number of positive lymph nodes. 
The 5-year survival rate for patients with pathologically negative lymph nodes is approximately 90%. 
For patients whose lymph nodes are cl inically negative but pathologically positive, the 5-year survival 
rate is about 50-60%. In patients with clinically and pathologically positive lymph nodes upon presenta
tion, the 5-year survival rate is about 1 5-20%. The 5-year survival rate in patients with 1 positive lymph 
node is  about 50%. In patients with 2--4 positive lymph nodes, the 5-year survival rate is 20--40%. 
Finally, for patients with 5 or more positive lymph nodes, the 5-year survival rate is less than 20%. 

13. How should patients with clinically positive lymph nodes be managed? 
Patients who have palpable, clinically positive lymph nodes in the primary lymphatic draining area 

should undergo complete nodal dissection. The extent of inguinal dissection, however, remains contro
versial. Should patients undergo superficial dissection alone, or should it be combined with an en bloc 
deep inguinal lymph node dissection of the external il iac and obturator groups? Two major studies 
from Roswell Park Cancer Institute and Memorial Sloan-Kettering Cancer Center reported confl icting 
results. A lthough the basis for the differences between the two studies is unclear, it may be that the 
only curative option for patients with positive deep nodes is  complete, en bloc dissection of superfi
c ial and deep inguinal as well as obturator nodes, which accounts for the improved survival noted i n  
the Roswel l  data. A more conservative strategy is en bloc deep and superficial groin dissection for 
patients who undergo therapeutic superficial inguinal lymph node dissection and have histologically 
positive lymph nodes at the junction between superficial and deep chains. 

14. What is elective lymph node dissection? 
Elective lymph node dissection (ELND) refers to the anatomic lymphadenectomy of the primary 

draining nodal basin when it is cl inically negative. The theoretic advantage of this procedure is obvi
ous: i f  cutaneous melanoma spreads init ial ly to the lymphatic groups and from there systemically, 
prophylactic dissection of the nodal basin wil l  interrupt this progression in a proportion of patients at 
an early stage, thereby potentially improving survival. The disadvantage is  that approximately 80% 
of the patients with melanomas of intennediate thickness ( 1 --4 mm) have negative lymph nodes at 
presentation and therefore would not benefit from this procedure. Only patients wi th cl inically nega
tive nodal metastases and no distant metastases would potent ial ly benefit from ELND. 

15. What is the morbidity of ELND? 
Patients undergoing ELND incur the expense and inconvenience of surgery along with a hospital 

stay of 1 -2 days. Postsurgical complications of wound infection, dehiscence, and poor wound healing 
occur in 20-25% of patients. Symptomatic lymphedema occurs in 20-25% of patients even with ap
propriate prophylact ic measures. Moreover, opponents of ELND cla im that because melanomas 
metastasize via the hematogenous route as well as via the lymphatics, ELND would have no effect. 
They are also concerned that the removal of regional lymph nodes may decrease the immunologic re
sponse to tumor antigens. Furthermore, lymph node metastasis may be a manifestation rather than a 
predecessor of distant tumor spread. 

16. Which patients benefit from ELND? 
Both proponents and opponents of ELND general ly agree that with melanomas less than I mm 

in thickness, ELND is not indicated because such lesions have a low rate of nodal metastases and a 
generally good prognosis. ELND in patients with melanomas greater than 4mm in depth is also not 
indicated because such les ions have a high i nc idence of systemic metastases and ELND is not 
thought to improve survival. The intermediate-thickness melanomas are the most controversial .  
However, prospective randomized trials of ELND vs. observation fai led to show an overall survival 
advantage. The two most frequently quoted studies-the World Health Organ ization Study and the 
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Mayo Cl inic Study-were critic ized for the number of patients, a high percentage of female patients 
(known to have a good prognosis), and lack of tumor thickness verification. 

There appears to be no clear benefit to the general population for ELND because of the i nherent 
problems wi th retrospective analyses and the difficul ty of explaining why patients older than 60 
years of age do worse with lymph node dissection than patients younger than 60 years of age. I t  may 
be that patients with thin intermediate-thickness melanomas ( 1 -2 mm) do better than patients with 
thicker intermediate-thickness melanomas (2-4 mm) because they have less propensity to spread 
hematogenously and benefit from nodal dissection. 

17. How can lymphatic mapping with sentinel lymph node biopsy circumvent the problem of 
diagnosis of lymph node metastases by lymphadenectomy with its attendant morbidity? 

The technique of intraoperative lymphatic mapping, first described in 199 1  by Wong et al., allows 
the surgeon to identify the sentinel lymph node-i.e. the single lymph node or group of lymph nodes 
that first receives lymphatic flow from the area of skin involved with the melanoma. The sentinel node 
is  the first node in the lymphatic chain to receive tumor cel ls  from the primary site. If this node is free 
of tumor, the remaining lymph nodes in the regional lymph node chain also wi l l  be free of tumor. This 
technique al lows the surgeon to determine the status of the regional lymph nodes after lymph node 
biopsy rather than lymphaclenectomy, thereby sparing lymph node-negative patients the morbidity of 
extensive lymph node dissection. Moreover, because the pathologist receives the lymph node that is 
most l ikely to harbor metastatic d isease, a more extensive evaluation of the lymph node with mul ti
ple sectioning and immunostaining wil l  improve the accuracy of diagnosis. 

1 8. How is lymphatic mapping performed"? 
At the t ime of lymph node surgery, the surgeon injects a vital blue dye into the skin at the s i te of  

the  melanoma. The dye is  quickly taken into the  lymphatics and results in b lue staining of the  sen
tinel lymph node in the regional lymphatic basin. The nodes are then removed and examined for the 
presence of metastatic disease. By adding immunohistochemistry analysis and polymerase chain re
action to hematoxyl in and eosin studies of the sentinel lymph node, the degree of identifying posi 
tive m icrometastases for melanoma has  increased by an addit ional 40% .  The optimal technique for 
identifying sentinel lymph nodes is a combination of a blue dye that stains the nodes in the operating 
room and ubcle1mal injection of a radioactive tracer that marks the nodes either preoperatively or in
traoperatively with a hand-held gamma counter. In experienced hands, sentinel lymph nodes can be 
identified in more than 95% of patients with a false-negative rate less than l %. 

19. What are the advantages of intraoperative lymphatic mapping? 
l .  The technique can be clone under local anesthesia. 
2. Only patients with h istologic proof of nodal metastases undergo formal lymphaclenectomy; 

thus, lymphaclenectomy is therapeutic and performed at an earlier stage of di  ease. 
3 .  Patients without nodal metastases are spared the morbidity of unnecessary lymphaclenectomy. 
4 .  It is more feasible to perform a meticulous pathologic exam of just one or two sentinel nodes. 
5. Because many of the ongoing systemic acljuvant trials require lymph node involvement as an 

entrance criterion, the use of sentinel lymph node biopsy fol lowed by selective lymphadenectomy 
allows patients to enter trials earlier in the course of the disease. 

20. What is the treatment of metastatic disease? 
Systemic therapy for cutaneous malignant melanoma is relatively l imjtecl; even the best combina

tion of chemotherapeutic agents has l imited response rates and virtually no sustained c mplete response 
rates. One exception is high-dose interleukin-2 therapy, which results in a complete response rate of 7% 
that is sustained in 75% of patients who achieve it. As a result, a selective approach to resection of lim
ited distant visceral metastases includes patients with in-transit and nonregional nodal metastases. pul
monruy metastases, gastrointestinal metastases, adrenal metastases, and isolated brain metastases. 

2 1 .  What is the only approved adjuvant therapy for resected melanoma? 
Alpha interferon has been approved by the Food and Drug Administration a an effective adjuvant 

therapy for resectecl melanoma patients at h igh risk for systemic relapse. The Eastern Cooperative 
Oncology Group Trial EST 1 684 randomized patients at high risk for systemic relapse (posi t ive re
sected lymph node or primary lesions > 4 mm in thickness) to l year of high-dose interferon alpha-2b 
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therapy vs .  observation. At a median fol low-up of  6 . 9  years, the group that received interferon had a 
sign i ficant improvement in disease-free survival and overall survival rates. Interferon alpha-2b is the 
first adjuvant demonstrated to show a significant benefit for patients with melanoma at high risk for 
systemic relapse. 
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9 .  BASAL C E LL AN D SQUAMOUS 

C E LL CARC I N OMA 

Bobby Kapur. B A ,  Sam uel S ta l ,  M D ,  FACS , Melvin Spira , M . D  . .  D . D .S , 
and Giu lio Gherardin i ,  M . D .  

1 .  Name the major skin carcinogens that can initiate precancerous and cancerous growth. 
Exposure to ultraviolet radiation (UV) correlates directly with the development of skin cancer. 

The incidence of skin cancer is highest in sunny cl imates, in people with l ight complexions, in people 
who work outdoors, and on areas of the body not covered by clothing. The typical patient has fair skin, 
fair hair, and blue eyes. The photochemical effects of UV irradiation are due to electron excitation in the 
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absorbing atoms and molecules, which induces danrnging chemical reactions. Radiation-induced chem
ical damage in DNA may be responsible for cell death and neoplastic transformation. Nom1al DNA syn
thesis and cell mitosis are inhibited early in UV-exposed epidermis. The effect of a UV dose on the skin 
is  reduced somewhat by the presence of hair, a thick stratum corneum, and melanin. A patient's suscep
tibility to UV-induced cutaneous malignancies is inversely related to skin melanocyte content. Solar ra
diation consists of UVA ( 3 1 5-400 nm), UVB (290-3 1 5  nm), and UVC (200-290 nm) wavelengths. 
Atmospheric ozone absorbs the UVC waveband, and 95% of the radiation that reaches human skin is in 
the UVA waveband. However, the minimal UVB wavelength causes acute sunburns and most of the 
chronic sun damage and mal ignant skin changes. In addition, excessive UVB radiation inte1feres with 
the normal functioning of the immune system and increases the incidence and severity of skin cancer. 

Ionizing radiation also has been recognized as causing skin cancer. Ionizing radiation includes 
electromagnetic radiations (x-rays and gamma rays) and particulate radiation (electrons, protons, 
neutrons, a-particles, and heavy nuclei) .  Both types of radiation el icit  changes by ionizing important 
cel l  constituents. An important feature of radiation-induced tumor is that a single radiation exposure 
may produce a tumor after a long latent period. 

Chemical carcinogenesis occurs through a biochemical interaction-the covalent bonding of 
carcinogen residues with cel lular macromolecules, RNA, DNA, and protein. Arsenic, atmospheric 
pollutants, psoralens, and n itrogen mustard have been implicated in cutaneous mal ignancies. 

2. What inherited conditions predispose to cutaneous malignancies? 
Xeroderma pigmentosum is  an autosomal recessive disorder with an acute sensit ivity to sun

l ight secondary to a defective DNA repair mechanism and resu lts in mult iple epitheliomas with sub
sequent malignant degeneration. 

Basal cell nevus syndrome, also known as Gori in syndrome, is  an autosomal dominant d isor
der with three characteristic findings: mult iple basal cell nevi on the skin with mal ignant changes by 
puberty, jaw cysts (adontogenic keratocysts), and pitting of the palms and soles. Other associated 
anomalies include pseudohypertelorism, frontal bossing, syndactyly, and spina bifida. 

Albinism manifests as hypopigmentation of the skin, hair, and eyes and increases the risk of 
squamous cell (SCC) and basal cell carcinoma (BCC). 

Epidermodysplasia verruciformis consists of an autosomaJ recessive cell-mediated immunity 
disorder characterized by several subtypes of human papillomavirus that induce numerous polymor
phic verrucous lesions with a high propensity for transformation into sec. 

Muir-Torre syndrome is  a disorder of mult iple internal mal ignancies,  cutaneous sebaceous 
proliferation, keratoacanthomas, BCC, and SCC. 

Porokeratosis is  an autosomal dominant disorder of abnormal keratinization with mal ignant 
degeneration. 

Baze-Dupre-Christo! syndrome i s  an X-l inked disorder characterized by fol l icular atropho
derma, congenital hypotrichiosis, basal cel l  nevi, and BCC. 

3. What is a solar keratosis? 
Actinic keratosis,  often referred to as solar keratosis,  represents the cumulative effect of  U V  

l ight exposure. Therefore, lesions appear primari ly on sun-damaged o r  exposed kin and are fre
quently mult ip le .  Grossly, the lesions are discrete, well c ircumscribed, erythematous, and macu
lopapular. They vary i n  color from redd ish to l ight brown and are dry and scaly due to adherent 
parakeratotic scales. M icroscopically, hyperkeratosis and parakeratosis, together with dyskeratosis 
and acanthosis ,  are prominent features in the epidennal layer. Within primarily the upper dern1is  dis
tinct alterations include an actinic elastosis with an associated inflammatory infiltrate consisting of 
lymphocytes. Almost all cases of actinic keratosis progress to SCC, and the percentage of les ions 
that become invasive SCC varies from 20-25%. These carcinomas rarely  metastasize, and there is 
l i ttle place for wide margins i n  surgical treatment. 

4. How is actinic keratosis treated? 
Curettage and electrodesiccation fonn the foundation for treatment of most lesions. Liquid nitro

gen is also an effective modal ity, and more recently 5-fluorouraci l  (5-FU) in a 1 -5% concentration 
(Efudex) has proved effective. Chemical peel and dermabrasion of the skin also have been effective 
but have been replaced largely by 5-FU. 
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5. What is Bowen's disease? 

Bowen's d isease is  seen in older patients in both sun-exposed and non-sun-exposed areas. It 
represents an intraepithe l ia l  sec (carcinoma in s i tu) and may i nvolve the skin or mucous mem
branes, including mouth, anus, and genitalia. Most of the lesions are soli tary, and men are affl icted 
more often than women. Lesions have a long cl in ical course, general ly years. Cl inically the lesion 
appears as a solitary, rather sharply defined, erythematous, reddish, dull, scaly plaque. Pruritus, su
perficial crusting, and oozing may be noted. 

M icroscopic examination reveals the stigmata of an intraepidermal SCC with hyperkeratosis, 
parakeratosis, dyskeratosis, and acanthosis within the epithelial layers. Within the epithel ium there 
is d isorder. Cel l s  are keratinized within the prickle cell layer, and hyperchromatic bizarre nuclei and 
increased cell m itosis are observed. There is  no dermal invasion, but a heavy inflammatory infi ltrate 
is  frequently noted in the papi l lary dermis with multinucleated giant cells. 

Surgical therapy includes either excision or a combination of curettage and electrodesiccation. 
The prognosis is  excellent with appropriate tTeatment. However, the prognosis is  poor i f  SCC devel
ops; these lesions are much more aggressive than the secs that develop from actinic keratoses. 

6. What is Bowen's disease of' mucous membranes? 
Erythroplasia of Queyrat is  often referred to as Bowen's disease of the mucous membranes. It 

most often affects the glans penis and is  seen during the fifth and s ixth decades of l i fe, primari ly in 
uncircumcised men. Grossly, erythroplasia consists of solitary or multiple erythematous lesions that 
are wel l c i rcumscribed, moist ,  g l i s tening,  and velvety. M icroscopical ly, the lesion resembles 
Bowen' disease. Erythroplasia is much more l ikely than Bowen's d isease to become invasive and 
has an increased tendency to metastatic disease. 

7. Where is leukoplakia usually found? What is its appearance? 
Leukoplakia, l i terally meaning white patch, is seen primarily on oral, vulvar, or vaginal mucosa. 

Leukoplakia in the mouth is seen mostly in older men with a h istory of smoking. I l l-fitting dentures and 
teeth in poor repair often are associated with this condition. Grossly, the lesions are elevated, sharply de
fined patchy areas of keratinization, generally lighter in color (white to gray) than the surrounding tissue 
and of variable thickness. Long-standing or chronic lesions may exhibit a verrucoid appearance. 
M icroscopically, we see the classic quartet of hyperkeratosis, parakeratosis, keratosis, and acanthosis. 
Within the epidermal layer, cel lular atypia abounds, and within the dermis is seen an inflammatory 
infiltrate. Of untreated lesions, I 5-20% undergo malignant transformation. Evidence of ulceration or 
underlying induration increases the possibility of cancer. The SCCs that develop from premaJignant le
sions on the mucous membranes are much more malignant than those associated with actinic keratoses. 

8. Pseudoepitheliomatous hyperplasia is found in what underlying condition? 
Pseudoepithel iomatous hyperplasia is  seen in long-standing chronic ulcers, typically decubitus 

ulcers; it is evidenced as an epidermal thickening that may be mistaken for neoplastic change or degen
eration. Microscopic examination shows downward pro l i feration of epidermal cel ls associated with 
mild cellular atypia and an inflammatory infiltrate with microabscesses. The condition resembles SCC 
at times and may be difficult to differentiate from mal ignancy. Generally, cell and nuclear changes are 
not as prominent in blood vessels, and nerve invasion is not seen. The condition responds to conserva
tive treatment. In more long-standing cases, excision of the ulcer and grafting may be required. 

9. Describe a nevus sebaceous. 
This superficial skin lesion is  present at birth in the head and neck region. f t  is typically a well

c ircumscribed, irregu larly raised plaque. I t  has a yel lowish color, and hair is  distinctly absent. The 
incidence of transformation to BCC is I 0%. 

10.  BCC arises from which cells? 
BCC arises from the pluripotential cel ls  of the basal layer of the epithel ium or from the external 

root sheath of the hair fol l ic le and is  the most common mal ignancy of Caucasians. Its onset is  di
rectly related to the UV radiation of sun exposure. BCCs occur most often at sites with the greatest 
concentration of pi losebaceous fol l icles. BCC differs from SCC in that it does not arise from mal ignant 
changes in preexisting mature epithelial structures; it requires stromal participation for survival. I t  does 
not possess the cellular anaplasia associated with true carcinoma, and it almost never metastasizes. 
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1 1 . Where anatomically do most primary BCCs occur? 
Approximately 93% occur in the head and neck region; the remaining 7% are found on the trunk 

and extremities. In the head and neck, BCC is distributed as fol lows: nose, 25.5%; cheek, 1 6%;  peri
orbital, 1 4%; scalp and temple, 1 1  %; ear and periauricular, 1 1  %; forehead, 7 .5%: neck,  7%; upper 
l ip, 5%; chin, 2%; and lower l ip, I %. 

1 2. List the different types of BCC. 
1 .  Nodular ulcerative carcinoma. Lesions are usual ly s ingle, occur mostly on the face,  and 

begin as small translucent papules that remain firm and ex.hibit telangiectasia. They grow slowly and 
tend to ulcerate, which may result in tissue destruction. They are the most common of the BCCs. 

2 .  Superficial basal cell carcinoma. Lesions often occur multiply. usually on the trunk. They 
are l ightly pigmented, erythematous, scaly, and patchl ike. They may resemble eczema or psoriasis. 

3 .  Sclerosing basal cell carcinoma. Lesions are yellow-white, morpheafom1 epithel iomas with 
i l l -defined borders and resemble small patches of scleroderma. They are most frequently associated 
with recurrent disease. Peripheral growth with central sclerosis and scarring is characteristic. 

4 .  Pigmented basal cel l  carcinoma. Lesions combine the features of the nodular u lcerative 
type with a deep brownish-black pigmentation. 

5. Trabecular (Merkel cell )  carcinoma. This relatively new entity resembles BCC h istologi
cally and may occur as a s ingle tumor in older people. The tumor may be epidermal, dermal, or even 
subcutaneous in origin,  w i th a microscopic picture of i rregularly anastomosing trabeculae and a 
rosette arrangement of deeply basophi l ic, uniform tumor cells . The name Merkel cell is derived from 
the fact that the tumor cel ls contain small granules identical to the neurosecretory granules of the 
epidemrnl Merkel cel l .  Tumors are aggressive and metastasize not only to local nodes but also to v is
cera and bone. Treatment for cure is difficult but consists of surgery and radiation therapy. 

6. Adnexal carcinoma. These skin mal ignancies arise from sebaceous sweat glands. They are 
relatively uncommon and appear as solitary tumors in older patients. The tumors have no particular 
distinctive features, grow slowly, tend to recur locally after surgery, and metastasize regionally. 

1 3. What are the microscopic and clinical distinctions among the types of BCC? 
The microscopic characteristics of the different c l in ical types of BCC vary considerably. A l l  

cases show pro l i feration of simi lar cells, oval in shape wi th  deeply staining nuclei and scant cyto
plasm. The tumors are composed of irregular masses of basaloid cells in the dermis,  with the outer
most cells fanning a palisading layer on the periphery. The surrounding strorna frequently ex.hibits a 
fibrous reaction. Microscopically, the nodular ulcerative type of basal cel l  tumor may show differenti
ation toward aclnexal structures; there may be a solid, cystic, adenoid, or keratotic variety. The super
ficial  BCC shows bands of basal cel ls in the dermis but maintains continuity with the overlying 
epiclem1is. This lesion contrnsts with sclerosing BCC, which shows clusters and c lumps of basal cel ls 
in the densely fibrotic stroma without continuity with the overlying epidermis (which in fact may be 
perfectly normal). A blue nevus generally can be differentiated from a deeply pigmented BCC by the 
character of the overlying epithelium (no1mal) and duration of the tumor without growth. 

14. Which biopsy techniques allow a histologic diagnosis? 
Curettage is  clone under local anesthesia by scraping the tumor wid1 a dennal curet. Tumor cell 

groups are soft and often can be curettecl. Normal underlying dermis or scar tissue i hard and almost 
impossible to curet. When BCC occurs in a scar or is  morpheaform, it is  too difficult to cure!. The 
difference in abil ity to curet aids in di fferentiating normal tissue from some BCCs. 

Shave biopsy of the upper half of the dennis is an excellent way to reveal a recurrent tumor, be
cause a wide area can be sampled with minimal defom1 ity. On rare occasions, a rumor is present so 
deeply that a shave biopsy does not reveal its presence. Rare BCCs present as a subcutaneous recur
rence that would be missed by a shave biopsy. ln such cases, however, there is a deep-seated nodule, 
and recurrence is easily recognized by tightly pull ing normal or scarred overlying kin. 

Punch biopsy, 3 or 4 mm in diameter, visualizes only a small area of die suspicious tis ue but 
usually provides a specimen of sufficient size for diagnostic histologic evaluation. 

Excisional biopsy is  the treatment of choice in deal ing with a primary BCC or a pigmented 
lesion. However, in the context of large tumors (as recurrences often are) and when location of the 
actual borders of the tumor are unknown, excisional biopsy is impractical. 
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Deep-wedge biopsy often gives val uable information about the depth below the dermis and 
extent of infiltration of a recurrent BCC. 

15. How is BCC treated'? 
Most BCCs are treated by curettage and desiccation or by simple excis ion as a fusi form e l l ipse 

and primary closure .  
Curettage and desiccation are best su ited for lesions less than 1 cm in diameter and lesions 

that are nodular, ulcerative, and exophytic. The technique is not suited for morpheatype BCCs or re
current disease. When a functional or anatomic deformity may result or when cart i lage or bone is in
volved, other modal i t ies are more effective. 

Surgical excision provides an immediate pathologic inventory and an index of the adequacy of 
excision. The lesion can be removed as a fusiform el l ipse positioned along the l ines of least skin ten
sion with a small perimeter (0.2-0.5 cm) of normal ti ssue. 1 f margins are clear, the defect is  under
m ined and the l i ne of closure is  del ineated. Excessive t i ssue (dog ear) is  excised, and closure is 
carried out with the surgeon's preferred technique. 

Cryotherapy is used for smal l nodular or ulcerated lesions located over bone or cai1 i lage, on the 
eyel id, or on the tip of the nose. Liquid nitrogen applied with a cotton-tipped applicator or a spray that 
freezes the tumor and a 5-mm area of no1111al tissue for approximately 30 seconds has proved effective. 
One sees immediate edema, exudation, subsequent necrosis, eschar formation, and healing. In recent 
years, cryotherapy has been increasingly used in the management of skin tumors, but it is associated 
with local tissue destruction and requires an incisional biopsy for tissue diagnosis before treatment. 

Radiation therapy with low penetration x-irracl iation to a tumor site in closes of 5000 rads may 
be useful, part icularly around orifices (eyelids, nares, and mouth) or at sites where a scar due to surgi
cal excision may be a difficult problem, as in the deltoid or sternal region. Scars from surgery gener
ally improve with time, whereas scars from radiation therapy worsen. The late changes associated 
with any type of radiation treatment detract from its use in young and middle-aged patients; however, 
it can be effective for treating an older person with a large tumor in whom extensive resection is un
acceptable or the goal is pall iation. 

Mohs' fresh frozen section technique employs serial tangential excisions and is part icularly 
useful for the treatment of sclerosing BCC, espec ia l ly in deal ing with a recurrent lesion, and for 
large primary tumors with poorly delineated borders or perineural invasion. 

16. Describe the indications for skin flaps, distant skin and musculocutaneous flaps, and split
thickness skin grafts. 

Skin flaps and, in some instances, skin-muscle flap c losures provide versat i l ity in treating large 
defects and defects over cart i lage or bone, where skin grafts may result in cosmetic deformity. The 
Limberg flap has replaced the simple s l iding skin flap as the method of choice, particularly for large 
defects of the head and neck area. The s l iding subcutaneous flap is effect ive, part icularly for the 
forehead, cheek area, l ips, and lower nose. M uscu locutaneous flaps, including the Abbe fl ap, 
Estlander flap, and Karapendiz flap, are also effective. 

Distant skin and musculocutaneous flaps are rarely required, except for more extensive lesions 
after resection for recurrent disease, accompanied by extensive loss of tissue during the extirpative 
process. Although the use of medial trapezius and deltopectoral flaps is  wel l  known, free flaps provide 
a more e ffective source of skin, soft tissue, and, when indicated, bone with less donor site morbidity. 

Split-thickness skin grafting is  a mainstay of treatment, part icularly for large defects not in
volving bone or cartilage. Although a spl it-thickness skin graft can be placed directly over cart i lage 
and bone, even bone in the mid-face without periosteum, the aesthetic resu l t  is compromised.  
However, appl ication of a skin graft to a defect is preferable to any delay. A skin graft over a large 
area may be amenable to a ti ssue expansion technique several months later, a l lowing primary or 
staged excis ion of the graft and resurfacing with local t issue. In most instances, the best donor sites 
for skin grafts are the suprac lavicular and postauricular regions. 

17. What are high-risk anatomic areas for BCC recurrence? 
H igh-risk areas for tumor recurrence include the center of the face (periorbital region, eyel ids, 

nasolabial fold, nose-cheek angle), postauricular region, pinna, and forehead. Recurring lesions are 
most common in young women. 
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18. What are the clinical signs of  recurrence? 
l .  Scarring with intermittent or nonhealing ulceration 
2.  Scar that becomes red, scaled, or crusted 
3 .  Enlarging scar with increased telangiectasia in the adjacent area 
4. Development of papule or nodule formation within the scar itself 
5 .  Frank tissue destruction 
When recurrence of a previously excised BCC is suspected, a biopsy is  performed. The cl in ical 

types of BCC most l ikely  to recur after excision are infiltrative nodular BCC with a poorly defined 
border and sclerosing, morpheaform BCC. The outer borders of such tumors often cannot be accu
rately defined by cl in ical examination. Mohs' m icrographic surgery is  the mainstay of treatment. 

19. sec arises from which cells? 
sec originates from the keratinizing or malpighian (spindle) cell layer of the epithel ium;  i t  is 

seen primarily in older patients, mostly men. As with BCC, the prime etiologic factor is  solar radia
tion. In addition to radiation, however, chemicals, chronic ulcers ( including osetomyel i t is) ,  cytotoxic 
drugs, immunosuppressant drugs, chronic lesions, a wide variety of dermatoses, discoid l upus ery
thematosus, and hydradenitis suppurativa play a significant role in the development of the relatively 
small number of SCC skin cancers. Initially the lesion appears smooth, verrucous, papi l lomatous, or 
ulcerative and later exhibits induration, inflammation, and ulceration. 

20. Describe the two general types of SCC. 
The first is  a slow-growing variety that is verrucous and exophytic; although this type may be 

deeply local ly invasive, i t  is  less l ikely to metastasize. The second general type is  more nodular and 
indurated, wi th rapid growth and early ulceration combined with local invasiveness and increased 
metastatic tendency. 

2 1 .  Where are SCCs anatomically distributed? 
Compared wid1 BCC, SCC has a s l ightly increased incidence on the trunk and extremities. The 

lesions are distributed as follows: cheeks, 45%; nose, 1 3%; ear and periauricular areas, 1 2%; hand, 
1 1  %; neck, L O%; arms, 5%; trunk, 2%; and scalp and legs, 1 % each. 

22. What is the mainstay of treatment for SCC? 
Treatment depends on the age of the patient and the size of the lesion. Surgical excis ion and 

Mohs ' m icrograph ic surgery are the mainstays of treatment. Older patients are treated conserva
t ively. The location of the lesion is a factor in choosing the technique. Wound appearance may not 
matter so much to an older patient. 

23. Name factors associated with SCC recurrence. 
Degree of cel lu lar differentiation is a s ignificant prognostic indicator, ranging from 7% recur

rence for wel l-differentiated tumors to 28% recurrence for poorly differentiated lesions. Depth of  
tumor invasion also raises the incidence of recurrence. Perineural invasion usually indicates increased 
tumor involvement and greater probabi l i ty of recurrence. The tendency for recurrence of SCC 
treated by any technique is  approximately twice that for the best resul ts of treating BCC. 

24. What is the best way to treat recurrent lesions? 
A recurrent lesion is probably best treated by excision and skin grafting. M icroscopical ly  con

trolled excision (modified Mohs' technique) is  a good way to handle d ifficult and recurrent lesions, 
specifically in medial canthal and alar areas. Radiation therapy can be used effectively in patients 
over 55 years of age, particularly around the eyelids, nose, and lip. 

25. Where does Marjolin's ulcer arise? 
Marjol in's ulcer is  a term used to describe SCC in previously traumatized locations such as burn 

scars, healed fistula tracts, and draining osteomyelit is sites. 

26. Describe the metastatic potential of SCC. 
About 5- 1 0% of lesions metastasize. SCCs resulting from Marjolin 's ulcer or xerodemrn pigmento

sum have a much greater tendency to metastasize than secs resulting from sun-induced skin changes. 
In addition, SCCs of the ears, nostrils, scalp, and extremities are particularly prone to metastasis. 
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27. What is the significance of perineural and mucoperiosteal invasion? 
Perineura l ,  lymphatic,  and mucoperiosteal invasion usual ly indicate advanced d isease and 

worsen the prognos is  for local cure and, in cases of  SCC metastas i s .  The probabi l i ty of cure 
when SCC has spread to the mucoperiosteum of the p ir i form aperture is remote. When such inva
sion is found, surgical  treatment must be aggressive; wide ext irpation represents the only hope 
for cure .  

28. When should a patient treated for BCC or SCC be clinically reexamined? 
The patient should be c l in ically examined every 6 months for 5 years because about 36% of pa

tients who develop BCC develop a second primary BCC within the next 5 years. Diagnosis and treat
ment of recurring BCC in i ts  early stages result in less morbidi ty. SCCs have definite metastatic 
potential, and patients should be reexamined every 3 months for the first several years and followed 
indefinitely at 6-month intervals. 

29. What is an effective technique for periodic self-examination to catch lesions at an early 
stage? 

To perform self-examination, the patient needs a ful l-length miffor, a hand mirror, and a brightly 
lit room. The following technique is appropriate: 

1 .  Examine the body, front and back, in the mirror, then the right and left sides wi th arms raised. 
2. Bend the elbows and look carefully at forearms, back of upper arms, and palms. 
3 .  Look at the back of the legs and feet, spaces between the toes and soles. 
4. Examine the back, neck, and scalp with a hand mirror. 
5. Check the back and buttocks with a hand mirror. 
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1 0 . H EMAN GI OMAS A N D  VASC U LA R  

MALFO RMATIO N S  

John B .  Mu lliken , M . D . 

1. Is presence at birth helpful  in distinguishing hemangioma from vascular malformation? 
Hemangioma typically appears after birth; the median age is 2 weeks. However. about one-third 

of hemangiomas are nascent in the newborn nursery, mani festing as e ither a red patch or macule,  
pale spot, ecchymosis, or telangiectasia. At a cellu lar level, all vascular malfomiations are present at 
birth, but some do not appear until years later. 

2. A newborn has a large vascular mass. Which is it more likely to be-a vascular malforma
tion or a hemangioma'? 

The correct answer to this s l ippery question is  probably vascular malformation.  Lymphatic 
(LM) and venous malformations (VM) are often large at birth ,  whereas a neonatal arteriovenous 
malformation (AYM) usually manifests as only a blush. Less wel l  appreciated is the fact that, in rare 
instances, hemangioma can present at birt h  as a large, fu l ly grown tumor-a congenital heman

gioma. Such a tumor must have prol iferated in utero; it can be detected by prenatal u l trasonography. 
Other neonatal masses mimic  hemangioma and vascular malformation,  such as teratoma, nasal 
gl ioma, and sarcoma (e.g., infanti le fibrosarcoma, rhabdoid sarcoma). MRI evaluation is indicated if 
the diagnosis is  uncertain; never hesitate to biopsy a perplexing vascular mass. 

3. Which is more accurate for diagnosis-ultrasonography or MRI? 
Ultrasonography (US) is notoriously operator-dependent. MRI images are the unequivocal gold 

standard. However, precise characterization by US and MRl requires a radiologist with special knowl
edge of vascular anomalies. For example, both hemangioma (in the prol iferative phase) and AVM are 
fast-flow lesions; they are frequently confused. Intralesional bleeding within a lymphatic anomaly 
muddles the radiologic images of a pure LM or YM or a lymphaticovenous malformation (LYM) .  
MRI examination must be  complete, including gradient sequences for visual ization of fast-flow ves
sels and contrast enhancement for detection of lymphatic vs. blood-fi l led channels. 

4. Is h istopathologic study ever necessary to differentiate vascular tumor (hemangioma) 
from vascular malformation? 

Over 90% of vascu lar birthmarks can be diagnosed accurately by physical examination and 
history, but in some patients radiologic and/or histopathologic studies are necessary. B iopsy i s  indi
cated when the history, physical examination, or radiologic imaging is confounding. Unfortunately, 
pathologists continue to use the old Virchowian terminology (e .g . ,  cavernous or capil lary heman
gioma and lymphangioma). The pathologist must be fami l iar with a biologic nomenclalUre for vas
cular anomalies. The histologic patterns usually discriminate between tumor and malformation. For 
rare lesions, however, even an experienced pathologist can have difficulty in differentiating a vas
cular tumor from a benign vascular prol iferation within a preexisting vascular malformation. 

Class1jication of Vascular A11oma/ies of lnfa11cy and Childhood 

TUMORS 

Common 
Hemangioma 

Uncommon 
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Kaposiform hemangioendothel ioma 
Tufted angioma 
Congenital hemangiopericytoma 
Epithe l ioid hemangioma/ 

hemangioendothel ioma 
Angiosarcoma 

MALFORMATIONS 

Slow-flow 
Capil lary (CM): telangiectases 
Lymphatic ( LM) 
Venous (YM) 
Fast-flow 
Arterial (AM): aneurysm, coarc

tation, ectasia, stenosis 
Aneriovenous fistula (AVF) 
Arteriovenous (AYM) 

COMBI NED M ALFORMATIONS 

Kl ippel-Trenaunay syndrome 
(CYM) (CLVM) 

Parkes Weber syndrome 
(CLAVM) (CLAVF) 
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5 .  What i s  Kasabach-Merritt syndrome? 
Contra ry to what i s  s tated in the l i terature, severe thro mbocytopenia never occurs wi th 

common hemangioma. This coagulopathy accompanies kapos i form hemangioendothel ioma, a 
more aggressive infantile vascular tumor. There are also rare cases of thrombocytopenia with con
genital tufted angioma and congenital hemangiopericytoma. Unfortunate ly, the double eponym 
Kasabach-Merrin has also been misappl ied to a low-grade bleeding disorder that may complicate a 
large venous anomaly. This disorder is more properly termed a local ized rather than disseminated 
intravascular coagulopathy. 

6. Is hemangioma ever associated with syndromes characterized by dysmorphic features? 
Unfortunately, many geneticists and syndromologists incorrectly apply  the word hemangioma 

to the common macu lar vascular birthmark, also known as ange l 's k iss ,  salmon patch, or naevus 
flammeus neonatorum. These macular patches usually fade by the first year of l i fe .  Like true heman
gioma, they are so common as to occur fortuitously in the presence of congenital anomal ies-this 
does not mean that they are "associated" in the syndromic sense. 

In rare instances, a large cervicofacial hemangioma may be associated with various structural 
anomalies (e.g., sternal cleft, supraumbilical raphe, persistent embryonic arteries, right-sided aortic 
arch, ocular anomalies, cystic anomaly of the posterior cranial Fossa). There is a marked female 
predilection in many of these associations. 

7. Can hemangioma in the midline axis be associated with underlying malformative anomalies? 
A lumbar hemangioma can be a red flag signall ing spina bifida occulta, i .e . ,  l ipomeningocele, 

diastematomyel ia, and tethered cord. Sometimes there is a tail-l ike skin appendage (acrochordon). 
The diagnosis can be ruled out by US during the first 6 months of  l i fe;  usual ly MRI  is necessary. 
This condi t ion should not be confused with Cobb syndrome, which involves capi l lary stain of the 
trunk with underlying spinal AVM. 

8. Does hemangioma ever cause skeletal overgrowth? 
Minor bony hypertrophy may occur beneath a large cutaneous hemangioma. I t  is most fre

quently seen with facial hemangioma producing minor maxi l lary overgrowth or enlargement of an 
involved ear. A large craniofacial hemangioma also may cause a mass effect, such as deviation of the 
nasal pyramid or defo1mation of the neonatal calvaria. Hemangioma does not cause skeletal hyper
trophy or axial e longation of a l imb. In contrast, bony overgrowth , distortion, and deformation are 
common problems with slow-flow vascular malformations. Bony erosion and osteolysis may occur 
with fast-flow vascular malformations. 

9. Does a cavernous hemangioma regress more slowly than a capillary hemangioma? 
This is  a trick quest ion,  because there is  no such vascular lesion as cavernous hemangioma. 

Hemangioma i s  hemangioma! There is  no difference in rapidity of regression for a deep cutaneous or 
subcutaneous hemangioma, with almost normal overlying skin ( formerly known as "cavernous") 
compared with a superficial cutaneous tumor (formerly known as "capillary"). Unfortunately, the 1 9th
century te1111 cav ernous hemangioma is entrenched in medical parlance. Often it is used incorrectly to 
describe venous malfomiation, whether in skin, hollow or solid v iscera (particularly l iver), or brain. 

10. None of the following characteristics influences speed of regression or residuum of a cuta
neous hemangioma except (a) gender, (b )  race, (c) site, (d) size, (e )  presence at birth, (f) ap
pearance, (g) occurrence of ulceration, or (h )  duration of proliferating phase. 

The answer is (e), presence at birth (see question 2). 

1 1 . Are phleboliths seen on plain radiography of hemangioma'? 
No. Phlebol i ths (calci fied thrombi) are characteristic ofVM or LYM. Rarely, dystrophic calci fi

cation occurs in congenital hemangioma or hemangioma of the l iver. 

12. A pediatrician consults you to evaluate a neonate with over 20 tiny, red, dome-shaped cu
taneous vascular lesions. What are your recommendations? 

The chi ld probably has mul t iple hemangiomas ( hemangiomatosis) .  Palpate for hepatomegaly, 
investigate for early signs of congestive heart failure, and check the hematocrit for anemia. This 
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c linical triad occurs wi th hemangiomas of the liver, lungs, and other viscera. Suggest hepatic US or 
MRI.  This is a l i fe-threatening diagnosis. Heart fai lure may resul t  from increased blood flow through 
hepatic hemangiomas. Mortality is 20-30%, even with therapy. 

13.  Why is hemangioma of the upper eyelid an endangering lesion? What are the treatment 
options? 

An upper eye l id tumor can obstruct the v isual axis, causing deprivation amblyopia and failure to 
develop binocular v ision. Less wel l  appreciated is the fact that adnexal hemangioma can deform the 
infanti le cornea, producing astigmatism and secondary myopia. These v isual distortions give rise to 
anisometropia and amblyopia  over a period of weeks or months. Even a small hemangioma of the 
upper eyel id  or supraorbital area can cause these refractive disturbances. However, i t  is  rare for a 
l arge hemangioma in the lower eyelid or cheek to distort the cornea. Prompt treatment is mandatory. 
Options include corticosteroids ( intralesional or systemic), interferon, and surgical excis ion.  The 
normal eye is patched for several hours per day to encourage use of the affected eye. 

14. At what age does spontaneous involution of a hemangioma usually cease? 
The bright red color usual ly  fades by 5 years; however, hemangiomas continue to shrink there

after. Regression is complete in 50% of chi ldren by age 5 years and in 70% by age 7 years. 
Improvement continues in  the remaining children until age 1 0- 1 2  years. 

15 .  Can laser therapy of hemangioma during the early proliferative phase prevent a small  
tumor from growing larger? 

Flash lamp pulsed-dye laser penetrates skin to a depth of 0. 75 mm. Hemangioma often begins as 
a field transformation-the tumor i s  deeper than 0.75 mm and more extensive (radia l ly )  than in i 
tial ly appreciated. Thus, a cutaneous hemangioma, programmed to remain superficial and smal l ,  can 
be successful ly treated by prompt laser application. Laser does not influence the proliferation or re
gression of the deep portion of the tumor. Possible complications of flashlamp pulsed-dye laser are 
superficial ulceration, scarring, and hypopigmentation. 

16. If an endangering facial hemangioma fai ls to respond to 2 weeks of oral corticosteroids, 
given at 2 mg/kg/day, should the dosage be increased or administered intravenously? 

No rigorous publ ished evidence indicates that an unresponsive hemangioma wi l l  respond to a 
higher dosage or intravenous administration. l n  general, 30% of hemangiomas respond quickly, 40% 
show an equivocal response, and 30% are unresponsive to systemic corticosteroids. 

17. What are the considerations in deciding whether to remove a facial hemangioma before a 
child's entry into school? 

The preschool period is  a logical time to consider excision, but only in certain instances is  removal 
indicated. For example, a pedunculated lesion that surely wi l l  leave expanded skin or fibrofatty 
residuum or a lesion with central scarring due to infantile ulceration should be removed. It is reason
able to excise a hemangioma during the involuting phase before the child attends school if ( 1 )  the scar 
wil l  be well-hidden or (2) the scar wi l l  be the same length and quality if the resection were to be done 
at a later age. Invol uting hemangioma of the nasal tip or lip frequently is trimmed in the preschool 
period. Staged excision is  often the best strategy, notwithstanding the age of the chi ld. 

18.  Which of the fol lowing characterize Sturge-Weber syndrome: (a) port-wine stain in  V ,  
distribution; ( b )  choroidal angiomatosis; (c) leptomeningeal vascular anomalies; o r  ( d )  skele: 

tal and fibrovascular hypertrophy? 
The correct answers are (c) and (d). Capil lary malformation (port-wine stain) f V 2 neurotome 

alone is  not associated with Sturge-Weber syndrome. The at-risk distributions are V 1 , Y 1 and Y 2, or 
V 1, V 2, and V 3• Vascular changes of the choroid (so-called tomato cats up fundus) con ist of tortuosity 
and di latation of choroidal vasculature, a malformation rather than angioma ( i .e., there is  no endothe
l ial proliferation). 

19. Can capil lary malformation in  the midaxial dorsal line be associated with an underlying 
structural deformity? 

Midl ine capi l lary stain is a cutaneous signpost that requires investigation. For example, a con
genital stain of the occiput, often with a central ruft of dark hair (hair col lar sign) may be associated 
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wi th  underly ing craniodura l  defect (encephalocoele) .  A stain in the  lumbar area requ ires radi 
ographic assessment for spinal dysraphism (see question 7 ) .  

20. What i s  the  mechanism by  which tlashlamp pulsed-dye laser therapy causes blanching of 
a capillary malformation (port-wine stain)'? 

The process is  called selective photothe1molysis. Pulsed-dye laser uses a wavelength of 585 nm, 
which is  close to the third (577 nm) absorption spectral peak of oxyhemoglobin. The pulse duration 
is  set at 400 �tsec to cause coagulation of the vessels without extensive thermal diffusion to the sur
rounding tissues. The laser beam penetrates skin to 0.75 mm and is absorbed by the reel blood cells 
in the ectatic vessels .  The absorbed l ight i s  released as heat, damaging the red cells, perivascular 
wall, and perivascula..r collagen. H istologic studies show that pulsed-dye laser produces selective in
travascular and perivascular coagulative necrosis, seen cl inically as purpura. One month later, micro
scopic study shows a d imin ished number of dermal ectatic vessels, resu l t ing in a more normal 
cutaneous hue. With dark skin types, laser treatment can cause damage to melanocytes in the basal 
epidermis, resulting in hypopigmentation. 

2 1 .  What is the significance of a prenatal ultrasonographic finding of a dorsal midline cervic
ocephalic lymphatic anomaly'? 

So-cal led lethal m idl ine cystic lymphatic mal formation is easily diagnosed by US as early as 
1 2- 1 4  weeks of gestation. A thin-walled, multiseptated cystic mass is  seen in the posterior aspect of 
the fetal head and nuchal region, usual ly associated with fetal hyclrops. Amniocentesis for karyotyp
ing is essential for parental counsel ing. Over one-half of these fetuses have Turner syndrome (XO); 
other common aneuploiclies are trisomy 1 3, 1 8 , and 2 1 .  Terathanasia (spontaneous el imination of a 
defective embryo) is common. 

22. Does either lymphangioma or cystic hygroma spontaneously regress by adolescence'? 
No. Lymphangioma and cystic hygroma are quaint I 9th-century terms for m icrocystic and 

macrocystic LM, respect ively. Reported cases of spontaneous diminution in  the s ize of lymphatic 
anomalies are extremely rare and probably result from rapid denation, perhaps via persistent lym
phaticovenous shunts. Like other vascular malformations, lymphatic anomalies grow proportionately 
with the patient; they can suddenly expand as a result of either intralesional bleeding or infection. 

23. Is injection of' OK-432 currently the best therapy for LM'? 
OK-432, an agent made from k i l led streptococcal prote in ,  is  bel ieved to be an immunologic 

st imulant. I t  i s  current ly in l imi ted c l inical trial and has not been approved by the FDA. Like the 
sclerosants (e.g., ethyl alcohol, tetracycl ine, Ethibloc), OK-432 can be effective in shrinking macro
cystic LMs but is relatively ineffective for m icrocystic LM. 

24. Is surgical resection the best treatment for VM'? 
With the exception of smal l ,  wel l- local ized venous anomalies, surgeons should stand behind the 

interventional rad iologists in the therapy of YMs. The first-l ine strategy is direct injection of sotra
chol ( I %  or 3%) for small lesions or ethyl alcohol ( 1 00%) for large anomalies. After sclerotherapy, 
surgical resection is easier and more l ikely to be successful .  Flashlamp pulsed-dye laser can destroy 
a small , superficial YM. Neoclynium-YAG laser can be used for larger YMs, but scarring is common. 

25. Should preoperative evaluation of' a patient with a large VM include clotting studies for 
disseminated intravascular coagulopathy'? 

YM does not cause disseminated intravascular coagulopathy (DIC). The coagulopathic pattern is 
simi lar to DIC ( i .e . ,  low fibrinogen, elevated prothrombin time, activated partial thromboplastin time, 
and D-dimer), but the mechanism is different. A large YM causes localized intravascular coagulopa
thy (LIC) by formation of thrombus and consumption of clotting factors, probably due to stasis. 

26. Which of' the following eponymous vascular syndromes are considered fast-flow anomalies: 
(a) Bonnet-Dechaume-Blanc (Wyburn-Mason), (b) Sturge-Weber, (c) Kl ippel-Trenaunay, (d )  
Parkes Weber, or (d)  Rendu-Osler-Weber (hereditary hemorrhagic telangiectasia)'? 

Bonnett-Dechaume-Blanc syndrome is a telangiectatic fac ial b irthmark with intracranial AVM 
involv ing the mesencephalon. Patients with Sturge-Weber syndrome typical ly have capil lary and 
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venous leptomeningeal anomalies. Patients with Rendu-Osler-Weber disease may have microscopic 
and macroscopic AVMs and arteriovenous fistulas (AVFs) in the skin, mucou membranes, l ungs, 
and abdominal viscera. Although microscopic AVFs are sometimes documented in the lateral thigh 
of patients with K l ippel-Trenaunay syndrome, this disorder is primarily a slow-flow, combined mal
formation. Parkes Weber syndrome is characterized by multiple AVFs, usually involving a l imb. 

27. What is Maffucci syndrome? 
Unfortunately, physicians continue to use the term hemangioma in a generic sense by refening 

to Maffucci syndrome as hemangiomas in association with enchondromas. The vascular anomalies 
in this rare d isorder are venous in type. Patients may develop spindle cell hemangioendothel iomas, 
painfu l ,  benign vascular pro l i ferations i n  preexist ing malformed vascular t i ssue, typical ly i n  the 
l imbs. Patients with Maffucc i  syndrome have a predilection to develop various mal ignancies. 

28. Which cutaneous vascular anomalies have a genetic cause? 
Rendu-Osler-Weber disease (hereditary hemorrhagic telangiectasia [ HHT]) is  an autosomal 

dominant disorder characterized by gradual formation of mucosa!, cutaneous, and v isceral AVMs.  
HHT is caused by mutations in two genes that code for endoglin (9q) and activin receptor- l ike kinase 
( l 2q). A point mutation in T IE  2, an endothel ia l  receptor tyrosine kinase on chromosome 9p, has 
been found to segregate in two unrelated fami l ies with autosomal dominant mucocutaneous venous 
malformations. Glomangiomas are famil ia l ,  but the causative gene has not been located. In rare in
stances, capil lary malformation (CM) can be inherited as an autosomal dominant trait. 

29. Which are more frequent, intracranial or extracranial A VMs? 
Intracerebral AV Ms are 20-fold more common than extracerebral AVMs. 

30. Should an A VM be treated by embolizing the feeding arteries? 
No. Embolization should be through the feeding a1teries and into the nidus (epicenter) of the AVM. 

Proximal embolization of a feeding vessel is just as injurious as proximal l igation, causing collaterals to 
form with expansion of the AVM. The majority of experienced interventional radiologists agree that 
"cure" by embol ization is unlikely unless the AVM can be subsequently and completely resected. 
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1 1 . PRI N CI PLES O F  C RAN I O FACIAL S U RG E RY 

Daniel Marchac, M . D . ,  and Eric Arnaud ,  M . D .  

1 .  What i s  the specialty o f  craniofacial surgery? 
Craniofacial surgery is plastic surgery of the cephalic extremity, including the sku l l ,  the face, 

and, in part icular, the orbi t .  Paul Tessier, the pioneer of craniofacia l  surgery, defined the fie ld as 
orbitocentric. I t  involves the cephalic skeleton as well as surrounding soft tissues. 

2. What three types of pathology can be treated by the craniofacial surgeon? 
Congenital anomalies, defects after tumor ablation, and posttraumatic deformities. Congenital 

conditions should be treated early in infancy to optimize final results. Reconstruction of resultant de
fects after tumor ablation and trauma often requires the input of the craniofacial surgeon for both pe
diatric and adul t  patients. 

CONGENITAL ANOMALIES 

Craniosynostosis and 
faciocraniosynostosis 

Facial clefts and related 
hypertelorism 

Hemifacial microsomia 

Craniofacial syndromes 

Types of Craniofacial Pathology 

POSTTRAUMATIC DEFORMITIES 

Frontoorbitonasoethmoidal 
fractures 

Le Fort fractures (especially 
Le Fort III fractures) 

DEFECTS AFTER TUMOR ABLATION 

All tumors of the anterior base of 
the skull 

Fibrous dysplasia 

3. What are the goals of craniofacial surgery in patients with craniosynostosis or faciocranio
synostosis? 

The goals of surgery include correction of the dysmorphogenesis and prevention of functional 
impairment, such as mental retardation and visual disturbances. 

4. What is the incidence of craniosynostosis? 
Based on European statistics, the incidence of common craniosynostosis averages l of 2200 

l ive births. Conversely, a rare faciocraniosynostosis, such as Apert's syndrome, i s  l ikely  to appear 
in l of 1 50,000 l ive births. Al though some cases of craniosynostosis are clearly fami l ia l ,  most are 
sporadic. 

5.  What is the pathogenesis of craniosynostosis? 
Premature fusion of the sutural system of a growing skul l  is  the common mechanism of cran

iosynostosis. As a result ,  there is a cessation of calvarial growth perpendicular to the affected suture. 
The classic law of Yirchow predicts compensatory calvarial growth in a direction parallel to the af
fected suture. 

6. How is craniosynostosis classified? 

58 

Classification is based on the affected suture and its associated morphologic deforn1ity: 
Morphologic deformity Affected suture 
Trigonocephaly Metopic suture 
Scaphocephaly Sagittal suture 
Plagiocephaly Unilateral coronal suture 
Brachycephaly Bi lateral coronal sutures 
Oxycephaly Sagittal and both coronal sutures 
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Types of craniosynostosis. A. Trigonocephaly. B, Scaphocephaly. C, Plagiocephaly. D, Brachycephaly. £, Oxycephaly. 
(From Marchac D, Renier D: Craniofacial Surgery for Craniosynostosis. Boston, Little, Brown, 1 982, with pem1ission.) 

7. What is the main feature of faciocraniosynostosis compared with craniosynostosis? 
In addition to the skull deformities, the facial involvement in pure craniosynostosis is  l imited to 

the forehead and orbital regions (hypo- or hypertelorism). J n  addition, faciocraniosynostosis is asso
ciated with m idface hypoplasia characterized by centrofacial retrusion with a class l1I intemrnxi l lary 
relation (malocclusion). 

8. Are all craniosynostoses or faciocraniosynostoses present at birth? 
No. Although most craniosynostoses are congenital and present at birth as a result of a fetal su

tural problem, genuine oxycephaly and Crouzon's disease are delayed conditions, often appearing 
after 3 or 4 years of age. Because the synostoses appear later, the shape of the skul l  is different and the 
functional consequences, such as increased intracranial pressure (ICP) or visual impainnent, more in
sidious. Increased ICP is present in at least 60% of cases of oxycephaly or Crouzon's disease. 

9. What is the main functional risk of craniosynostosis? 
The main functional risk is  increased ICP, the consequences of which are v isual loss and brain 

impaim1ent. 

10. In acrocephalosyndactyly (such as Apert's syndrome), which factors may be associated 
with a better mental outcome? 

Frontal advancement before 1 year of age and a good psychosocial environment are associated 
with a more favorable mental outcome. 

11 .  Describe the preoperative evaluation of the craniofacial patient. 
1 .  Analysis of the morphologic abnormality 
2. Evaluation of functional risks 
3. Detection of associated malformations (e.g., cerebral ,  cardiac) 
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4 .  Classification of any existing syndrome 
5. Preparation for surgery 

12. Which imaging studies are necessary before surgery? 
Standard radiographs of the cephalic skeleton and a CT scan are essential before surgery. An 

MRI  is  indicated in cases of trigonocephaly because of the higher risk of brain abnormal ities and in 
al l  syndromic patients. 

13. What are the principles of frontoorbital remodeling in craniosynostosis'? 
The forehead has two components: the supraorbital bar (or bandeau) and the forehead convex

ity. After being mobil ized separately, these components are joined by resorbable or nonresorbable 
fixation. Reconstructive goals are tai lored to the particular type of synostosis: 

I .  Symmetric advancement' in brachycephaly 
2. Asymmetric advancement in plagiocephaly 
3 .  Anterior rotation and Z-plasty in oxycephaly 
4. Widening in trigonocephaly 

14. Compare the growth of the brain and skull in the first 2 years of l ife. 
The size of the brain doubles in the first year of l i fe .  The anterior base of the skull has reached 

70% of its adult size by 2 years of age, whereas the cran ial capacity has expanded fourfold since birth.  

15. What is the main factor res1>onsible for frontal sinus growth after frontocranial remodeling? 
The degree of frontoorbital advancement has a sign ificant effect on postoperative sinus growth. 

The degree of frontal sinus pneumatization correlates inversely with the amount of supraorbital bar 
advancement. 

1 6. What complications are associated with craniofacial surgery? How can they be prevented? 
Craniofacial surgery combines the discipl ines of plastic surgery and neurosurgery. The compli

cations of craniofacial procedures are mainly neurosurgical and necessitate postoperative manage
ment in special ized intensive care units. The perioperative mortal ity rate remains approximately I %, 
depending on the types of procedures performed. The main complications include bleeding, coma, 
bl indness, meningit is ,  intracranial hematoma, and hydrocephalus. Addit ional morbidity may resu l t  
from rhinorrhea, osteitis, and resorption of bone flaps. The incidence of these complications can be 
reduced by appropriate preoperative planning and an experienced surgical team. 

BIBLIOGRAPHY 

I .  Marchac D (ed): Proceedings or the Sixth International Congress of the International Society of Craniofacial 
Surgery. Bologna, Monduzzi Editore, 1 996. 

2.  Marchac D: Radical forehead remodel ing for craniostenosis. Plast Reconstr Surg 6 1  :823, I 978. 
3.  Marchac D,  Renier D: Craniofacial Surgery for Craniosynostos is. Boston, Li 1 1 Je, Brown, 1 982. 
4. Marchac D, Renier D, Arnaud E: Evaluation of the effect of early mobilisation of the supraorbital bar on the 

frontal sinus and frontal growth. Plast Reconstr Surg 95:802, 1 995. 
5 .  Marchac D, Renier D, Broumand S: Timing of treatment for craniosynostosis and fasciosynostosis: A 20-year 

experience. Br J Plast Surg 47:2 1 1 -222, 1 994. 
6. Tessier P: Relationship of craniostenoses to craniofacial dysosroses, and to faciostenoses: A study with thera

peutic impl ications. Plast Reconstr Surg 48:224, 197 1 .  

1 2 . CLEFT L I P  

D.  Ralph Milla rd ,  J r , M D ,  FAC.S , Hon .  F R .C .S ( Edin ) .  Hon .  F. R .C .S . ,  O . D .  J a  

1 .  What i s  the cause o f  a cleft o f  the l ip and palate? 
Before the first trimester of pregnancy, the five facial elements-the frontonasal, two l ateral 

max i l lary, and two mandibular segments-fuse by mesenchymal migration to create the face and 
jaws. When, for whatever reason, these fusions are interrupted, a cleft (or c lefts) results. 
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2 .  What is the cause of clefting i n  a specific case'? 
The cause in specific cases is not known, but genet ics, v iral infection, lack of certain v i tamins, 

and other factors during the first trimester of pregnancy may be involved. 

3. What is the anatomy of a cleft? 
A cleft is  not just a division through the lip and palate; i t  is distortion of the anatomy that may 

involve the l ip, nose, septum, vomer, alveolar segments, levator palati muscles, and other structures. 

U N I LATERAL CLEFTS 

4. What is the key factor involved in the treatment of a unilateral cleft? 
Correction of asymmetry. 

5. Summarize the evolution of unilateral cleft surgery. 
For patients with a unilateral cleft l ip, early surgeons merely freshened the edges of the l ip  cleft 

and approximated them with sutures. Later attempts were made to lengthen the l ip  on the cleft side 
with local flaps. 

6. What is the Mirault-Blair-Brown method of lip repair? 
The l ip length on the cleft side is increased by a triangular flap taken from the cleft side. The 

Cupid's bow is destroyed. 

7. What is the Hagedorn-Le Mesurier method'? 
A rectangular flap from the cleft s ide is inset into a releasing incision on the noncleft s ide to 

create an artific ial Cupid's bow. 

8. What is the Tennison-Randall method? 
A Z-plasty of  the cleft lip edges that positions the Cupid's bow but at the expense of an unnat

ural lip scar across the philtrum column and partial flattening of the phil trum dimple. 

9. What is the rotation-advancement method'? 
The distorted anatomy of the uni lateral cleft of the l ip  is corrected by a rotation incision that re

leases l ip  t i ssue, including the Cupid 's bow, downward into normal symmetrical position with the 
opposite side and advances the lateral lip element into the rotation gap to maintain rotation and com
plete the lip reconstruction. The advancement action assists the correction of the flaring ala, and the 
C-flap aids in unilateral columella lengthening. The scar of lip union is in the line of a natural phi ltrum 
column position and what phil trum dimple is  present is preserved as such (See figures, next page.) 

1 0. What are the most common mistakes made in the rotation-advancement method? 
I .  Inadequate rotation due to fai lure to cut back on the rotation incision. 
2. Inadequate use of the lateral advancement flap by fai l ure to pare the cleft edge sufficiently. 
3 .  Fai lure to use the C-flap to reduce the cutback gap in the upper lip and to lengthen the col

umella on the cleft side. 
4. Vertical lengthening of the entire lip by extending the cutback across the normal phi l trum 

column. 
S .  Too much reduction of nostril size in incomplete clefts. 

1 1. What are the recent advances in uni lateral cleft l ip surgery? 
Presurgical orthodontics using the Latham appliance to align the alveolar segments careful ly so that 

the cleft of the alveolus and anterior hard palate can be closed with a gingivoperiosteoplasty. Bone grows 
into this area, negating the need for secondary bone grafting. This alveolar construction presents a sym
metrical platform on which definit ive lip and nose construction can be accomplished much sooner. 

12. At what age are the various stages of l ip construction accomplished? 
l .  When the patients weighs I O  pounds, the Latham appliance is inserted, and the parents turn 

the screw dai ly until the segments are in al ignment. 
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Millard rotation-advancement unilateral cleft l ip  repair. A ,  Points I ,  2 ,  and 3 mark the residual Cupid's bow o n  the 
mucocutaneous junction. The rotation incision pares the edges of the cleft from point 3 to the base of the columella. 
This distance usually measures 4-5 mm compared with I 0 mm on the nomial (noncleft) side. B,  The rotation inci
sion hugs the columel la and is carried two-thirds of the way across the base of the columella to gain an additional 
3 mm. Flap C, attached to the columella, is released from the l ip. C, The backcut is placed in the lip at 90°, running 
medial and parallel to the normal phi ltrum column. When carried through the skin, muscle, and mucosa, this inci
sion releases another 3 mm. This  maneuver achieves the total of I 0 mm required to match the normal side and 
p laces the Cupid's bow in balanced pos i t ion. (From Mi l lard DR Jr: Cleft l i p. In McCarthy JG (ed): Plastic 
Surgery. Philadelphia, W.B. Saunders, 1 990, p 2637, with permission.) 
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Millard rotation-advancement unilateral cleft l ip repair. A, Flap C is transposed into the backcut and sutured to acid 
length lo the columella. B, The highest point of the lateral l ip is marked at point 6, where a transverse incision wi l l  
free the  l ip  from the flared a lar  base. Because the pared edge of  the advancement flap must march the rotation in
cision (3 to  4 ), point 7 i s  marked along the free edge so that 6 to  7 = 3 to  4 .  The same distance from the height of  
Cupid's bow to  the commissure on the  normal side (2 to  5)  should be marked on the cleft l ip element. With the lat
eral lip under the tension necessary to close the lip, there is more running room from point 8 for positioning point 
7 so that 2 to 5 = 7 to 8 .  C, Flap C has been sutured into the backcut. The alar base is released from the l ip.  The 
height of the lateral l ip  ( I  0 mm) equals the rotation of I 0 mm, thus matching the bow peak-to-columella base of I 0 
mm on the noncleft side. 0, The bunched muscle of the lateral l ip  element is freed generously from the skin and 
mucosa so that with muscle approximation across the cleft there is no residual muscle bulge. The t ip of the alar 
base is  denuded of epithelium. £, The denuded tip of the alar base is sutured to the septum near the anterior nasal 
spine to cinch the alar flare. The key suture first picks up the muscle in the tip of the advancement flap and then 
crosses into the backcut of the rotation. F, After the alar cinch suture and the key lip sulUre have been tied, the tis
sues are in correct position and require only three-layer closure of the mucosa, muscle, and skin. (From Mi l lard DR 
Jr: Cleft l ip. In McCarthy JG (ed): Plastic Surgery. Phi ladelphia, W.B. Saunders, 1 990, p 2638, with permission.) 
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2 .  When segments are in al ignment and 2-3 mm apart (after 2-4 weeks), the  appl iance i s  re
moved. Two to three days later the gingivoperiosteoplasty and lip adhesion are performed. 

3. At 6-7 months of age the rotation-advancement of the l ip  is  carried out; the nasal correction 
is done at the same time. 

4 .  At 1 8  months the remaining cleft of the hard and soft palate i s  c losed w i th the von 
Langenbeck method or in some cases a Wardil l-Kilner V-Y or uni lateral V-Y method, depending on 
the defect. Minor l ip  and nose deform it ies can be improved at this time. 

13.  Why is the l ip adhesion used? 
Before the development of presurgical orthodontics, lip adhesion served as a crude orthodontic 

molding action. After al ignment of the alveolar segments and closure of the alveolar cleft, the lip ad
hesion provides a gentle dressing with the least tension during heal ing. It also turns a wide complete 
c left into an easier-to-correct incomplete cleft. 

14. What are the key deformities in the unilateral cleft lip nose? How are they corrected? 
1 .  A uni lateral short columella is  lengthened with a C-flap. 
2. Deviation and distortion of the septum are corrected during presurgical orthodontics. 
3 .  D islocation and slumping of the alar cart i lage are corrected by dissecting the medial two

thirds of the alar car1ilage and then constructing the medial crus wi th sutures to the normal side. 
4. Flaring of the alar base is corrected with the alar cinch procedure. 

15 .  Why is the rotation-advancement lip operation the method of choice? 
1 .  The actions of rotation and advancement place normal tissues into normal posit ions, creating 

a symmetrical Cupid's bow. 
2. Rotation and advancement position the scar of union along the phi l trum column l ine and pre-

serve the integrity of the phil trum dimple. 
3 .  The actions of rotation and advancement aid in the nasal correction. 
4 .  A well-executed rotation-advancement is  capable of producing an aesthetic resul t .  
5 .  When the method is not done correctly, i t  i s  st i l l  possible to achieve a satisfactory secondary 

resu l t  without great difficul ty. The rotation-advancement method avoids the in terlocking of l i t t le 
flaps that are impossible to unscramble. 

BI LATERAL CLEFTS 

16.  What are the specific deformities in a bilateral cleft? 
l .  In the complete bi lateral c left the premaxil lary vomer segment has not fused with the lateral 

max i l l ary segments so that the premax i l lary vomer segment grows forward unimpeded to jut far 
ahead of the lateral segments. 

2. There is  a shortage of skin tissue in the vertical length of the frontonasal component as mea
sured from the nasal tip to the inferior border of the prolabium, particularly in the columel la. This 
shortage is due to lack of stretch during normal embryogenesis. 

3 .  Patients have no important muscle in the prolabium, no philtrum columns or dimple, and no 
Cupid's bow. 

4. The alae are spread wide; the alar cartilages <ll'e dislocated from their mates in the tip and slump 
along the alae; and the columel la  i s  short to nonexistent, which causes the nasal tip to be depressed. 

17.  What one aspect of the bilateral cleft is sometimes an advantage? 
Symmetrical b i l ateral c lefts at least have symmetry. Asymmetric b i lateral c lefts vary in their 

symmetry. 

18.  Summarize the evolution of bilateral cleft surgery. 
l .  To ease b i lateral c left lip closure, early surgeons amputated the premaxil la, which produced 

an oral cripple. 
2. Early surgery by Brophy used a circumferential wire to encircle the three maxi l lary elements 

and crunch them together to fac i l i tate cleft l ip closure. This technique affected normal max i l l ary 
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growth-a problem discovered and criticized by Pruzansky. Berkowtiz, a student of Pruzansky, st i l l  
harbors fear of early surgery. 

3. Closure of the l ip over the premaxi l lary prominence caused ventroflexion of the septum. 
4.  Modern al ignment of these segments is  designed to ease the premaxi l la back into the arch ,  

much l ike s l iding a drawer. Many surgeons use presurgical orthodontics to al ign the maxi l lary seg
ments. Georgiade and Latham devised a method of retracting the premaxi l la. Latham later refined the 
method with two-pin and chain traction on the projecting premaxi l la, along with bilateral spreading of 
the collapsed lateral maxillary segments, to achieve a reasonable atraumatic al ignment of the arch. 

19. How is maxillary alignment maintained? 
A bilateral gingivoperiosteoplasty creates a mucoperiosteal tunnel across each side of the cleft 

as the alveolar clefts and the floor of the nose are closed. This technique al lows bone to grow across 
the cleft and avoids the need for later secondary bone graft ing. 

20. What is the major risk of early alveolar construction? 
ln a few cases some retrusion of the premaxil la has been noted. 

21. Can this risk be avoided? 
As experience with this orthopedic approach increases, the premaxi l lary retrusion can be pre

vented, reduced, and certain ly corrected, often with mere orthodontic treatment. 

22. What are the advantages of early orthodontic manipulation and gingivoperiosteoplasty of 
the alveolar cleft? 

I .  Obi iteration of fistulas. 
2. Creation of a bony bridge across the cleft that later will accept teeth and avoids the need for 

secondary bone graft ing. 
3 .  Construction of a stable symmetric platform that enables earlier definitive correction of the 

lip and nose. This technique enables the surgeon to correct the deformity by 4 years. before the age 
of memory. 

23. How are the soft tissues treated in bilateral clefts? 
I .  Some methods focus entirely on joining the lateral l ip  elements to the prolabium with no 

concern for the nose (Manchester). 
2.  Some methods treat both lip and nose. 

24. What is the key to correction of the nose? 
I .  Some surgeons acknowledge that the columella is  short and requ ires skin lengthening 

(Carter, Cronin). 
2. Some surgeons have devised methods to achieve columel la  length from above (Mul l iken, 

Trott, Mohan). 

25. What is the best method of action? 
! .  In patients in whom some columella is present and in races that require minimal columel la  

length, it may be  possible to  get by  without introducing new skin. 
2.  About 50 years ago Gensoul took a V-Y flap from the center of the prolabium to lengthen the 

columella, but this technique made three vertical scars in the l ip. 
3 .  In patients with l ittle or no columella, a forked flap taken from excessive prolabium skin and 

scar wi l l  prov ide the extra skin to release the depressed nasal t ip. 

26. How is the forked flap used? 
I .  The forked flap can be used as a secondary procedure to narrow a wide prolabium, to revise 

bi lateral lip scars, and to construct a columella. 
2. The flap can be taken from the prolabium after 1-2 years of stretching and banked in whisker 

position under the alae before it is advanced into the columel la. This advancement is  best done at 
about 4 years of age. At this time the alar carti lages can be freed and joined to each other in the t ip to 
reconstruct the medial crura. The alar bases can be cinched for final correction of the bi latera.l nasal 
deformity. 
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27.  How is the l ip of a b ilateral cleft closed'? 
At the time of gingivoperiosteoplasty, the lip adhesion involves approximating the sides of the 

freshened prolabium to the lateral lip elements .  The lateral lip elements are freshened by the turn
down of mucocutaneous flaps from their sides. The lateral mucocutaneous flaps are used to overlap 
the turndown of inferior prolabium vermi l ion. This technique provides several bonuses. The unnat
ural prolabium vermi l ion is  turned out of v iew, and a natural looking Cupid's bow is created that 
helps to camouflage the bi lateral deformity. 

At the time of palate c losure at 1 8  months the prolabium has usual ly stretched enough to spare 
easi ly a forked flap that is  banked in the whisker position beneath the alae. At the t ime of advance
ment of the banked forked flap from whi sker position at 4 years, the nasal t ip  is  released, the alar 
cart i lages are freed and sutured to reconstruct the medial crura, and the columella is lengthened. 

Mil lard b i lateral c left lip repair. A, The phi l trum is 
outl ined with a turndown flap of prolabial verm i l l ion; 
the lateral prolabial t issues become the forked rlaps. 
Circumalar marks design the alar base flaps; lateral l ip 
marks show the turndown of vermi l l ion flaps, carrying 
the white roll of the mucocutaneous junction. B, The 
lateral mucosa and muscle are sutured together behind 
the prolabium, which has been elevated temporarily. 
C, The l ip  has been approximated, a s l ight  excess of 
vennil l ion flaps creating a tubercle. The fork flaps are 
sutured encl-on to the alar base flaps; their raw sur
faces are approximated to form a mound in the floor 
of the nose for future columel la lengthening. (From 
Mi llard DR Jr:  Cleft l ip. In  McCarthy JG (ed): Plastic 
Surgery. Phi ladelphia, W. B .  Saunders, 1 990, p 2684, 
with permission.) 

28. What is important to the future treatment of clefts'? 

c �  

Genetic engineering probably wi l l  have more impact i n  preventing the deformity than i n  utero 
surgery in correcting the deformity. 
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1 3 . CLEFT PALATE 

Peter Randa ll ,  M . D . ,  Don La  Rossa , M . D . ,  Marilyn Cohen , BA,  
and  Gnada Afifi , M .D .  

1 .  What i s  a cleft palate? 
It is a fai lure of the two halves of the roof of the mouth, or palatal shelves, to join in the m id  l ine 

and fuse. The cleft may involve the soft palate or both soft and hard palates. 

2. Explain the terms primary and secondary palate, prepalatal and palatal structures. 
The incisive foramen, which is located behind the incisor teeth, is the s i te where the lateral 

max i l lary bones meet the m idl ine premaxi l la. A cleft l ip usually involves structures anterior to the 
incisive foramen, such as the alveolus, l ip, and nasal tip cartilages, as well as the floor of the nose. 
These structures usually are referred to as the structures of the primary palate or prepalata\ struc
tures. They may be cleft unilaterally or b ilaterally. 

The structures posterior to the incisive foramen, including the hard palate, soft palate, and uvula, 
are usually referred to as the secondary palate or palatal structures. Thus, the incisive foramen sep
arates the primary (prepalatal) and secondary (palatal) structures. 

3. What is  the premaxilla? 
The premaxilla is the alveolar segment of the maxi l la  that includes the nasal spine and four in

cisor teeth. It is located central ly and anterior to the incisive foramen. 
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4. When is a cleft palate associated with a cleft lip? What is the overall incidence? 
The most frequent combination is  a unilateral cleft of the l ip and palate, which is  seen more often 

in boys than girls, predominantly on the left side. The hereditary inc idence is fairly high. The next 
most frequent c left-Df the palate alone-is seen more frequently in girls; the hereditary incidence is 
fairly low. In Caucasians, the incidence is approximately 1 .4 per 1 ,000 l ive births; in blacks, it is  ap
proximately 0.43/1 ,000; and in Asians, it may be as h igh as 3 .2/ 1 ,000. Actual ly, the most common 
cleft is a cleft uvula, or bifid uvula, which has an incidence of about 2%. Most cases are asympto
matic; however, as many as 20% of patients may have some degree of velopharyngeal incompetence. 

5. How can clefts be classified? 
Clefts can be described as complete ( i .e . ,  penetrating all the way through the structures) or in

complete. Prepalatal c lefts or clefts of the primary palate also should be described as uni lateral (right 
or left) or bilateral; they may be described even further as involving one-third, two-thirds, or three
thirds (complete) of the l ip .  S imi larly, palatal clefts may be described as involving one-third, two
thirds, or three-thirds of the soft palate and one-third, two-thirds, or three-thirds of the hard palate, 
extending up to the incisive foramen. 

A submucosal cleft palate is not an overt cleft. The levator muscle fibers fai l  to fuse completely 
in  the midl ine, usual ly leading to velopharyngeal incompetence. A thin area, called a zona pellucida, 
is often seen centrally at the site where the muscle is lacking. A notch often can be palpated at the pos
terior edge of the hard palate, which normally  has a palpable prominence or posterior nasal spine. 
Patients often have a bifid  uvula, which may be a simple bi lobed uvula or a completely split uvula. 

A bifid uvula, seen in 2% of the normal American population, may be associated w ith palatal 
incompetence; patients should be fol lowed for possible speech problems. A congenital absence of 
the muscu laris uvulae also may occur with or without a b ifid uvu la  and is often associated w i th 
palatal incompetence. 

M i l lard's modification of Kernahan's and Elsahy's striped 
Y classification for cleft lip and palate. The small circle in
dicates the incisive forarnen; the triangles indicate the 
nasal t ip and nasal floor. (From Randall P: Cleft palate. In 
Smi th JW, Aston SJ (eels): Grabb and Smith 's P last ic 
Surgery, 4th eel .  Boston, Litt le, B rown, 1 99 1 ,  p 29 1 ,  with 
permission.) 

6. What is the etiology of cleft palate? 
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Nose 

Nasal floor 
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Cleft palate is bel ieved to be a mul t i factorial defect ;  a c left can be caused in many different 
ways. A h igh incidence of c lefts in some fami lies suggest a genetic etiology. Clefts may be associ
ated with syndromes such as S t ickler's syndrome, velocardiofacial  syndrome, fetal a lcohol syn
drome, DiGeorge syndrome, and trisomies. Experimentally, c lefts have been induced by a number of 
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agents, including alcohol, insulin, tretinoin, corticosteroids, anticonvulsants, phenobarbital, carbon 
monoxide, salicylates, oxygen deficiency, arabasine, and possibly smoki_ng. Other factors probably 
exist. In any one case, i t  is usually di fficult to identify one cause. 

7. How does a primary or prepalatal cleft form? 
Primary clefts resu l t  from a lack of mesenchymal development. The mesenchymal is lands-one 

central and two l ateral-normally develop and fuse. Lack of development of one of the three i slands 
resu l ts in an unstable condit ion with ectoderm of the skin in contact w i th ectodenn of the oral 
mucosa; complete or incomplete breakdown occurs at this point. 

8. Why are left-sided secondary or palatal clefts more common than right-sided clefts? 
In the 7-week-old embyro, the two palatal shelves l ie almost vert ical ly .  Normal ly, the neck 

straightens from its flexed position, the tongue drops posteriorly, and the shelves rotate superiorly to 
the horizontal position; they fuse from anterior to posterior to form the intact palate by 1 2  weeks. In 
rodents, the right palatal shelf reaches the horizontal position before the left one, leaving the left side 
susceptible to developmental interruption for a greater period than the right s ide. This may account 
for the greater incidence of left-sided clefts. 

9. What is S imonart's band? 
A c left of the primary palate is  often bridged by a band of l ip t issue-Simonart's band. Some 

regard this band of  t i ssue as the resul t  of a heal ing process after breakdown of the lip e lements. 
Others propose that S imonart's band may resul t  from partial formation of the epithelial wal l .  

10 .  Which muscles are the most important for achieving velopharyngeal closure? 
The levator palatini  muscles pull the middle third of the soft palate superiorly and posteriorly to 

produce firm contact with the posterior pharyngeal wall at about the level of the adenoidal pad. 

A Hard palate 

Levator palati m. 

The levator muscles pul l  approximately 45° superiorly and posteriorly. A ,  At rest. B ,  After contraction. ( From 
Randal l  P, LaRossa D: Cleft palate. In McCarthy JG (ed): Plastic Surgery. Philadelphia, W.B .  Saunders, 1 990, p 
2727, with permission.) 

1 1 . Do any other m uscles contribute to velopharyngeal closure? 
Absolutely. The paired palatopharyngeus muscles pull the soft palate posteriorly; the muscularis 

uvulae cause the uvula to thicken centrally with contraction, and the superior pharyngeal constrictor 
muscles move the lateral pharyngeal wal l s  medially or the posterior pharyngeal wall anteriorly with 
contraction. 

12 .  What is the most important anatomic abnormality seen with a cleft palate? 
Disorientation of the levator palatini muscles, which normally join in the m idl ine with a trans

verse orientation and insert into the palatal aponeurosis at approximately the middle third of the soft 
palate. In the case of a cleft, the muscles are much more longitudinally oriented and insert into the 
posterior edge of the palatal bone and along the bony cleft. (See figure, top of next page.) 

13. What is an intra velar veloplasty? 
Kriens first emphasized the abnormal orientation of the levator palatini  m uscles and the need to 

detach them from their abnormal insertion and reorient them in a transverse direction. S uturing the 
muscles in an overlapping fashion rather than end to end produces a tighter levator s l ing.  
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Musculature of the soft palate. A, Normal musculature. The levator muscles are oriented transversely and insert 
in the palatine aponeurosis in the miclportion of the soft palate. B, Cleft musculature. The levator muscles are ori
enlecl more lon1 iguclinal ly and insert on 1he poslerior edge of the palatal bone and along the bony cleft edges. 
(From Randall P, LaRossa D: Cleft palate. In  McCarthy JG (eel): Plastic Surgery. Phi ladelphia, W.B .  Saunders, 
1 990, pp 2726 and 2730. with permission.) 

14. What is Passavant's ridge? 
During gagging, the forceful contraction of both the levator palat ini  muscles and the superior 

pharyngeal constrictors may produce a bulge or ridge on the posterior pharynx above the arch of the 
atlas-Passavant 's ridge. This ridge also may be associated with velopharyngeal incompetence as a 
compensatory mechanism to assist with velopharyngeal closure. 

1 5. How can a mother know if her child has a cleft palate? 
The cleft was probably first ident i fied by the obstetrician or ped iatrician. The mother may or 

may not directly observe the cleft; instead, her only c lues may be the chi ld's poor-to-absent abil i ty to 
build suction along with regurgitation of mi lk into the nose. Some clefts also may be detected prena
tal ly by ultrasound even before 1 8  weeks' gestation. 

16. How should a mother feed a child with a cleft palate if the child cannot suck? 
Most chi ldren born with a c left demonstrate normal sucking motions, but the mother should 

know that the prime difficulty is inability to build up adequate suction. Usually the ability to swallow 
is not impaired. The ch i ld should be held in a head-up posit ion at about 45° and usual ly  can be 
bottle-fed with a preemie n ipple that has additional cross-cuts in the encl. A plastic bottle that can be 
squeezed or a bulb syringe with a nipple can deliver too much mi lk and cause choking. The baby can 
be expected to swal low more air and to need more burping, but with good de l ivery of mi lk  a long 
time should not be requ ired for each feeding. Regurgitation through the nose may be expected be
cause of the deficiency of the palatal micll ine tissues. 

1 7. Who should evaluate a newborn with a cleft palate? 
Ideally, a newborn with a c left should be seen by the surgeon who wi l l  u l timately repair the cleft 

so that he or she can discuss the entire spectrum of care with the parents. Introduction to key people 
on the cleft palate team is also adv isable so that parents may identify the respective roles of each; 
hence early intervention is fac i l itated. I nstructions for adequate feeding and a irway protection are 
most important. lntroduction to parental support groups is also helpful. 

18. What discipl ines should be available on a cleft palate team? 
The team should include a pediatrician, a surgeon experienced in cleft management, a speech 

pathologist, a pecliat:ric otolaryngologist, a well-versed orthodont ist, a pediatric dentist, and an audi
ologist. The team also should have access to a geneticist ,  a prosthodontist ,  an ophthalmologist, a 
c l inical psychologist and/or psychiatrist, a physical anthropologist, a social worker, and a nurse ex
perienced in cleft problems. 



70 C left Palate 

19. What are the major sequelae of an unrepaired cleft palate? 
In it ially, the main problems are an inabil ity to build up suction and nasal regurgitation. The pa

tient usually has poor eustachian tube function, which may lead to fluid in the middle ear space, and 
is prone to recurrent otitis media. Breathing may be a major problem, particularly if the chin is short 
and the tongue fal ls  backward, causing inspiratory obstruction as in Pierre Robin sequence. Speech 
may be significantly affected in the unrepaired or repaired incompetent palate, including hypemasal
ity with vowel sounds and d istortion of the pressure consonants. With involvement of the alveolar 
ridge, the adjacent teeth are usually angled into the cleft and may be malformed or absent. Dental 
caries and severe malocclusion may be present or develop. 

20. At what age should the palate be surgically repaired? 
Most authorities concur that repair is  best perfo1med between 6 and 9 months of age. Some data 

indicate a sl ight improvement with closure at 3-6 months of age, although other reports show no ad
ditional benefit. Most agree that closure should be complete before 1 8  months of age. 

2 1 .  What is the benefit of earlier closure? 
The greatest benefit is better speech. Even with babbling, a chi ld is  learn ing to art iculate. I f  

speech develops before closure o f  the palate i s  complete, the child usually has difficulty i n  bu ilding 
up pressure for the production of sounds such as P and T. He or she will have even more trouble con
trol l ing sustained pressure for the production of sounds such as S and SH. As a result, the child may 
develop speech in which these sounds are m issing or distorted. A l ternatively, the chi ld may develop 
what is  called compensatory articulation, such as the glottal stop and pharyngeal fricative. 

22. What is the von Langenbeck operation? 
Described in 1 859, the von Langenbeck operation remains a reliable method of cleft palate repair. 

It involves elevation of large mucoperiosteal flaps from the hard palate with m idline approximation of 
the cleft margins of both hard and soft palates with long, relaxing incisions laterally. The levator mus
cles are completely detached from their abnormal bony insertion, and the soft palate musculature i s  
repaired in the midl ine. A palatal lengthening procedure is  not included in this operation. 

The von Langenbeck operation. A, Flap design. B, The lateral relaxing incisions are made, and the mucoperiosteal 
flaps are elevaled. C. The nasal mucosa is closed and Ihe muscles sutured Iogether after de1achment from their in
sertion. D, The oral closure. (From Randall P, LaRossa D: C left palate. I n  McCarthy JG (ed): Plastic Surgery. 
Philadelphia, W.B .  Saunders, 1 990, p 2743, with permission.) 

23. What is the Furlow double-reversing Z-plasty technique? 
This procedure consists of two Z-plasties of the soft palate, one on the oral mucosa and the 

other in the reverse orientation on the nasal mucosa. The levator muscle on one ide is  included in  
the  posteriorly based oral mucosa! Z-plasty, whereas the levator muscle from the  opposite s ide i s  
i nc luded in the  posteriorly based nasal mucosa! Z-plasty flap (see figure, top of next page) .  The 
hard palate cleft i s  c losed using a vomer flap (see question 25) .  This procedure reorients the malpo
s i t ioned levator m uscles, permits  overlap of the muscles, and produces some degree of palatal 
lengthening. 

24. What is the Wardill-Kilner-Veau operation? 
The Ward i l l-Ki lner-Yeau operation is  a V-Y advancement of the mucoperio teum of the hard 

palate, designed specifically to lengthen the palate in the anteroposterior plane at the t ime of primary 
palatoplasty. As a result of the Y-Y lengthening, bare membranous bone is left exposed in the area 
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The Furlow double Z-plasty operation. A ,  Flap design. B ,  Oral and nasal mucosa! Z-plasty flaps are elevated. C, 
The nasal mucosa! closure. D, The oral mucosa! closure. The soft palate has been lengthened and the levator 
muscles properly oriented. (From Randal l  P, LaRossa D: Cleft palate. I n  McCarthy JG (ed): Plastic Surgery. 
Philadelphia, W.B .  Saunders, 1 990, p 2740, with pem1ission.) 

from which the flaps were advanced. These areas granulate and epithel ial ize within 2-3 weeks but 
remain areas of fibrous scar and may contribute to subsequent maxi l lary growth disturbances. 

The Wardi l l -Ki lner-Yeau operation. A, Flap design. 8 ,  V-Y lengthening leaves an exposed bare area of bone after 
closure. (From Randal l  P, LaRossa D: Cleft palate. In McCarthy JG (ed): Plastic Surgery. Ph i ladelphia, W.B .  
Saunders, 1 990, p 2744, with permission.) 

25. What is a vomer flap? 
Hard palate closure can be performed by elevating a wide superiorly based flap of nasal mucosa 

from the vomer. With bi lateral clefts, vomer flaps can be obtained from each side of the vomer. This 
technique avoids the need for elevating large mucoperiosteal flaps from the hard palate and the po
tential risk of resultant max i l lary growth disturbances. 

26. Is there an alternative to surgical repair? 
In rare instances in which the patient has a medical condition that makes surgery or general anes

thesia too risky, a dental prosthesis is a possible alternative. Older chi ldren (age 15 years and older) in 
developing countries, for example, can be managed with a prosthesis i f  dental services are available. 

27. What is velopharyngeal incompetence (VPI)? How soon after surgery should a child be 
evaluated for V PI? 

VPI is  the  inabil i ty of the soft palate to make contact wi th the posterior pharyngeal wal l  ( i .e . ,  
velopharyngeal closure) during speech, resulting in hypernasality. Evaluation of palatal function is  
an ongoing process that should begin as speech development occurs and cont inue through puberty. 
Usual ly, incompetence can be diagnosed by 4 or 5 years of age and occasionally earlier. 

28. Who should decide to operate on an incompetent palate? 
This deci s ion is  usually made by a competent speech pathologist in conjunction with the sur

geon. Even though the trained ear is  probably the most accurate way to assess i ncompetence, i f  
surgery is contemplated, dynamic assessment o f  palatal function is  usually advisable. Assessment can 
be done through mult iplane videofluoroscopy or nasoendoscopic examination. Additional studies of 
pressure flow or objective nasal resonant measurement also may be helpful .  

29.  What can be done about residual speech problems after cleft palate repair? 
A number of approaches may be used. With minor incompetence or inconsistent incompetence, 

speech therapy alone may succeed in improving speech. More often, a secondary operation is  necessary, 
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such as a posterior pharyngeal flap or lateral pharyngoplasty. With m in imal incompetence, a palatal 
lengthening operation or a procedure to advance the posterior pharyngeal wall may be adv i sed. 
Some cases may be managed with a prosthesis that simply lifts the palate into a more competent po
s ition to pennit velopharyngeal closure or obturates the defect .  

30.  Why do children with palatal clefts have ear problems? 
The levator veli palat ini  and tensor veli palatini muscles insert to some extent on the eustachian 

tube. Both are probably responsible for competence of the tube i n  prevent ing reflux  from the na
sopharynx into the eustachian tube as well as for opening the tube to equalize pressure in the m iddle 
ear. With impaired abil i ty to equal ize m iddle ear pressure, infants wi th clefts usually have fluid in 
the m iddle ear space, which soon becomes thick and viscous. Untreated, this condjtion leads to an 
i ncrease in the incidence and severity of otitis media. Treatment consists of myringotomies, evacua
tion of the fluid, and insertion of indwel l ing ventilating tubes as well as v igi lance for otitis media. 
Palate repair seems to reduce ear problems, but children whose ear problems have been neglected 
frequently have a high incidence of permanent hearing loss. 

31. What is the l ikelihood of a cleft in another child from the same parents? 
The l ikel ihood depends on a number of factors, but generally, i f  there is  no known teratogen or 

first-degree relative with a cleft, the l ikelihood in the Caucasian population is  about 0. 1 4%. If  a first
or second-degree relative has a c left, the l i kelihood increases to about 5%; if two first- or second
degree relatives have a cleft, i t  increases to 1 5-25%. 

32. Is there a way to decrease the incidence of clefts? 
Other than avoiding exposure to known teratogens, the answer is not c lear. Fol ic acid taken 

during pregnancy has been shown to decrease the incidence of spina bifida, and some believe that it 
also decreases the incidence of clefts. However, this theory has not been generally accepted and re
mains an area of investigation. 
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PASSI V E  PROSTH ETICS ( N EO N ATAL P E R I O D )  

1. What i s  a passive infant oral prosthesis? 
An infant oral prosthesis is a passive device much l i ke a denture without teeth that covers and 

follows the anatomic outl ine of the hard palate and its defect. To maintain posit ion and to resist dis
placement, the margins of the prosthesis usually extend over the lateral alveolar segments and may 
extend into and over the lateral surfaces of the nasal cav i ty and vomer. The prosthesis is rout inely 
made from polymerized methyl methacrylate (acryl ic) .  

A 
Passive infant oral prosthesis. A ,  Prosthesis on anatomic side shows nasal extension for retention. B, Oral side of  
prosthesis. 

2. What does the prosthesis do? 
A palatal prosthesis divides the oral and nasal cavities into functional spaces whi le providing a 

tact i le reference for the tongue. Function is then segregated with the nose for airway and the oral 
cavity for feeding and proper tongue posturing. This segregation aids feeding and breathing and fa
ci l i tates proper physiologic resting posture for the tongue with tip forward. 

3. Does a prosthesis affect growth? 
After surgical l ip repair in cases of complete uni lateral cleft l ip/palate (UCLP) and bi lateral cleft 

l ip/palate (BCLP), medial displacement of the cleft segments is  inevitable. A passive prosthesis, es
pecial ly with proper nasal extension, prevents medial relocation of the c left segments and provides 
normal ized maxi l l ary displacement growth in width achievement. Preventing medial collapse and 
promoting maxi l lary transverse growth have pos i t ive effects and serve to optimize oral volume, 
nasal respiration, dentoalveolar segment al ignment, fac ial development, and overall anatomic bal
ance. Perhaps the best potential growth and facial skeletal development is  achieved by integrating 
passive prosthesis stabi l ization with rehabi l i tation protocols. 

4. When is the prosthesis worn'? 
A prosthesis is best used as early as possible in the neonate's l i fe-perhaps before the in it ial  

repair to faci l itate feeding. I f  provided in coordination with the init ial repair, a prosthesis is  best left 
in place for 1 -2 weeks before daily removal for clean ing. The appl iance is best used on a ful l -t ime 
basis unti l  a few weeks before palatoplasty, when it is used only during feeding. Appl iance cleaning 
more frequent than daily may be indicated during upper respiratory tract infections that obstruct the 
nasal port because of mucous drainage. 
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5. How long does i t  take before a prosthesis is outgrown? 
Facial growth occurs most in the vertical and least in the transverse plane. The prosthesis must 

be adjusted about every 6 weeks to reduce retentive undercuts and to broaden al  eolar contacts. 
Generally, once the weight of the infant doubles, effective appl iance retention is lost, and the appli
ance is no longer useful .  

6. Does extension of the prosthesis over the alveolar structures restrict normal development 
of the lateral dental segments? 

The "pressure" of alveolar remodel ing growth easily exceeds the passive resistance of the appl i 
ance. With appl iance adjustments over the alveolar extensions, normal development should proceed 
without resu·iction. 

PRESU RGlCAL O RTHOPEDIC CORRECTION ( N EO N ATAL PERIOD) 

7.  What i s  presurgical orthopedic correction (POC)? 
POC is a procedure used to correct an anatomically abnormal bony relationship before any pri

mary reconstructive surgery is performed. 

8. How does POC apply to oral cleft patients? 
In neonates with complete BCLP and UCLP, cleft maxi l lary components are distorted and ab

normal ly posi t ioned. The overlying soft t i ssue mirrors the skeletal deform ity and gives the rec
ogn izable pattern of deformity in UCLP and BCLP. The objectives of POC are to reposi t ion 
displaced basal segments and to realign soft tissue margins of l ike k ind before corrective surgery is 
performed. 

9. What problems attend oral cleft treatment without POC? 
• Lip closure alone does not reposit ion the max i l l a  and premaxi l la  in  BCLP or pu l l  the c left 

maxi l lary segment forward in UCLP well enough for closure of the cleft. 
• Lip repair alone does not reposition the maxi l la forward in BCLP to provide a ful l  m idface or 

pul l  the cleft maxi l lary segment forward in UCLP to balance the malar and alar bases or 
reduce the stigmatizing "crooked face." 

• A  protruded premaxi l la  at the base of the columella makes columel lar lengthening and nasal 
t ip correction impossible until the patient reaches adolescence. 

• Persistent fistulas and residual clefts in the alveolus require the difficult surgery of bone graft
ing when the patient is between 6 and 8 years old . 

1 0. What are the benefits of POC? 
• A better p latform is produced for the lip and nose as wel l  as for the alveolus. 
• Primary surgical closure can be performed without tension. 
• A more precise method controls the cleft components without dependence on simple closure 

of the l ip  over the deformity to mold the distorted parts. 
• D issection of mucoperiosteum at the edge of the c left faci l i tates a two-layer c losure without 

tension. 
• Alveolar integrity i s  establ ished to faci l i tate dental development. 
• Closure of the hard and soft palate is faci l itated. 
• An intact primary palate is  achieved at an early age. 
• Gingivoperiosteoplasty can be done with or without primary bone grafting. 
• A  nonnal max i l lary arch without fistulas is achieved with early secondary palate closure. Early 

"fork-flap" columel lar surgery is possible in BCLP and may produce a good nose and l ip .  
• An intact oral cavity without fistulation is routinely established wel l  within the first year of life 

with a clearly improved possibi l i ty for inte l l igible speech to follow. 

1 1. What are the various techniques used in POC? 
The techn iques are best grouped by type of device retent ion as e i ther pass ive or fi xed 

(pinned). 
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12. What techniques use passive retention? 
I .  In the l 950s McNeil and Bw·ston used a passive oral prosthesis and external facial or head 

straps to effect segment repositioning and remodel ing. 
2 .  A T-shaped extraoral traction dev ice is appl ied to the nostril on the normal s ide i n  UCLP 

cases. The design tactic is to use transverse traction to correct the m idfacial asymmetry and to mini
m ize the posterior retraction forces on the developing maxil la. 

3. Another technique for BCLP uses a passive oropalatal prosthesis as an anchor, and a Latex 
rubber retraction strip is  looped over the prolabium to reposition the maxi l la  and premaxi l la .  

13. How effective are passive techniques? 
The resul ts are variable in regard to achieving treatment objectives. All of these early techniques 

share the fol lowing d isadvantages: 
• Inconsistency and difficulty with patient compliance 
• Incomplete control of directional mechanics best directed at the orthopedic defom1i ty 
• Unpredictable and partial achievement of treatment objectives. 
• Extended treatment time 
• Labor intensive 
• More expensive than non-POC treatment protocols 
Their advantages include: 
• Less invasive than pinning techniques, which require general anesthesia for placement 
• Less expensive than pinning techniques 

14. What techniques use pinned retention? 
! .  In 1 957 Hagerty first reported the use of pins to retain an expandable stainless steel bar in 

cleft palate treatment. 
2 .  In l 965 Hagerty et al. reported the use of an expandable acrylic palatal prosthesis with intra

osseous pinning for anchorage. 
3. Contemporary techniques were reported during the 1 970s and 1 980s by Georgiade and 

Latham. BCLP was treated with a coaxial mechanism that expanded the maxi l lary base and reposi
tioned the premaxi l l a  at the same time. Latham et al. reported on the design and use of this extra
orally activated expansion device that applied elastic traction to the premaxi l la. 

4. ln 1 980 Latham reported the treatment of UCLP with a device for orthopedic advancement 
of the cleft maxi l lary segment. I t  was much l ike the maxi l lary base device used today. 

15 .  How effective are pinned techniques? 
Results are h ighly consistent in achieving treatment objectives with the attending benefits and 

advantages described above. The disadvantages include the fol lowing: 
• Device placement requ ires a hospital operating room (OR). 
• Pinned techniques are more expensive than passive retention POC. 

1 6. How is POC used in  UCLP and BCLP treatment? 
I .  Soon after birth an impression is obtained, and the maxil lary POC device is  fabricated on a 

stone model. 
2 .  OR placement of the device is coordinated with myringotomy and pressure-equalizing (PE) 

tube procedures. 
3. The maxi l lary base device is  retained by four channel-locking pins, two on each side, which 

pass through the acryl ic base material into the palate for intraosseous fixation. 
4. For cases of B CLP, a staple is  placed through the bony septa I structure of the premax i l la to 

connect respositioning chains. 

17. How does the UCLP device produce orthopedic correction? 
I .  Once the device is  in place, a drive screw is activated one-half tum (0.25-mm displacement), 

and activation is continued once or twice a day by the parent at home. 
2. The patient is  observed on a regular basis .  Activation continues unt i l ,  by design, no further 

turning of the screw is possible. The segments should be wel l  al igned with 1-3 mm of space (defect) 
between the nearly abutting segments. 
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UCLP POC device. A. Viewed from its anatomic side. A coplanar double hinge (A) allows rotation and transla
tion of the greater (GS) and lesser segment (LS) to one another. Turning screw (8) against GS (C) pulls LS (D) 
forward. The principal action is  LS advancement with outward rotation and GS advancement with inward rota
tion. B, With device in place, the drive screw lies adjacent to the cleft segment and is easily accessed at the front 
of the clefl defect. 

18. How long does it take before a patient with UCLP is ready for reconstructive surgery? 
I .  Screw activation takes from 3-6 weeks to complete, depending on the size of the cleft, rate 

of activation, and amount of correction designed into d1e device (up to 14 mm). 
2 .  A resting period of 2-3 weeks allows dissipation of any residual load (strain ) that bui lds up 

after applying the active force (stress). 
3. If the device is  appl ied by age 4 weeks, the first reconstruct ive surgery can be done at age 

3 months. 

19. How does the BCLP device produce orthopedic correction? 
I .  Once the device is  in place, as the case demands, an expansion screw can be activated one

quarter turn (0.25-mm expansion at the anterior c left segment) at a t ime. As instructed, activation 
once or twice a day by the parent at home or, perhaps better, one ful l  revol ut ion by the physician 
during weekly fol low-up well achieves proper lateral segment placement. 

2 .  The elastic chain tension is checked for possible adjustment on a weekly basis.  The pressure 
should not exceed 2 ounces per side. Excessive force causes undue septa! staple translation without 
orthopedic effect and possible fai lure.  

3 .  The patient is  observed on a regular basis unti l the case is ful ly  corrected ith proper max
i l la-premaxi l la segment al ignment and 0-2 mm of space at each cleft defect. 

BCLP pinned POC base device can be ex
panded, enabl ing lateral segment p lace
ment to fit the premaxi l la .  The expansion 
screw at the drive box i activated from the 
front of the mouth. The device also acts as 
a base appliance for maxil lary protract ion 
in response to the coupl ing force for pre
maxi llary retraction. B i lateral elastic chains 
attached to the premaxi l la pass around a 
roller (not shown) under the drive box and 
then proceed forward and lateral ly to hook 
onto buu:ons for tensioning at the head of 
each segment. 

20. How long does it  take before a patient with BCLP is ready for reconstructive surgery? 
I .  Elastic chain repositioning takes from 4-7 weeks to complete, depending on amount of pre

maxi l lary protrusion, size of the premax il la, age of patient, and rate of activation. 
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2. A resting period of 2-3 weeks al lows dissipation of  any residual load to reduce rebound. 
3. If the device is appl ied by age 4 weeks, the first reconstructive surgery can be done at age 

3-4 months. 

2 1 .  What are the significant treatment effects in BCLP? 
The single most important response i s  forward maxill ary reposi t ioning to achieve premaxi l lary

maxi l lary al ignment. The premaxi l la shows less orthopedic adjustment and the vomer the least. This 
response is  apparently age-dependent. 

22. What is the incidence of postalveolar cleft palate fistulation (CPF) in patients treated with 
and without POC? 

CPF is reported in 20-25% of patients treated without POC . The incidence may be as high as 
50% in one-stage neonatal protocols .  CPF was reported to be less than 8% in UCLP and BCLP 
treated with POC. 

23. Do pinned POC devices stimulate maxillary growth? 
Yes, in BCLP treatment. Maxi l lary forward translation in BCLP is about twice no1mal during 

the active phase of treatment. 

24. Does pinned POC treatment adversely affect maxillary growth? 
No. 

ORTHODONTIC M A N AG EM E N T  

Pri m a ry Dentition ( Age 3-6 Yea rs )  

25. What is the  primary dentition? 
The first teeth to erupt, also known as milk teeth and baby teeth. Because the primary dentition 

is  completely replaced by the adult dentition, deciduous dentition is  a proper designation. Most 
children complete their primary dentition at the age of 2.5-3.0 years. 

26. Why is orthodontic treatment important at this age? 
Treatment pos i t ive ly influences postural and vegetative functions, occ lusal  function, fac ial 

growth, peech, eustachian tube and middle ear effusion, and reconstructive efforts. 

27. What is achieved with orthodontic treatment? 
Early treatment offers an opportunity for greater ease and efficacy of orthopedic procedures to 

increase space and optimize conditions for eruption and root format ion; to attain proper occ lusion; 
to increase oronasal volume; and to change the maxi l lary facial platform. 

28. What physical signs are most important? 
• Severe dental crossbites, both bilateral and anterior occlusal 
• Very narrow maxillary dental arch 
• Anterior ( incisal) openbite 
• Shallow or narrow palate 
• Shifting of the bite, usually to one side, causing functional or postural mandibular asymmetry 

(functional shifts) 
Other important related problems are encumbered speech, oral respiration with noisy sleeping 

pattern, bad oral habits (thumb [digit] sucking, tongue thrusting, bruxism, and severe attrit ion), and 
recurrent otitis media. 

29. What procedures are undertaken at this age? 
Principal ly, orthopedic with transverse maxi l lary distraction (expansion) and anterior resposi

tioning (protraction). 

30. What kinds of devices are used for maxillary expansion? 
Expansion devices are either removable or fixed. Removable devices use a slow continuous ex

pansion rate of 2 mm/month unti l completed. Fixed devices, either attached by stainless steel bands 
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or directly bonded to posterior segment teeth, may use rapid continuous expansion at a rate of 0 .5 
mm/day or less to completion of expansion. 

lntraoral view of rapid palatal expansion device directly 
bonded to the dentition with simultaneous orthodontic 
treatment for inc isor a l ignment and decompensation 
for anterior crossbite correction. Note the separation of 
central incisors-a rare event i n  complete oral cleft pa
tients-well after alveolar bone graft. 

31.  How long of a rest period is needed after expansion? 
A bonded fixed device is used with expansion over a 2-week period in a regimen of 4-5 mm 

segments fol lowed by  a 4-6-week period of  rest. This sequence is repeated unti l  expansion i s  com
pleted. Accumulat ion of residual load during rapid expansion is di sipated during the rest periods. 
Research has shown that residual load accumulating during rapid palatal expansion completely dis
s ipates i n  5-7 weeks, depending on patient age. Many orthodontists prefer a 3-month rest period 
after rapid palatal expansion. Such long periods of rest are unnecessary after s low expansion. 

32. How much expansion is necessary? 
The amount of appliance expansion varies from as l ittle as 7 mm to as much as 20 mm with use 

of two devices. In certain cases expansion beyond that necessary for occlusal balance may be desir
able to increase nasal airway volume. 

33. When was maxillary expansion first used? 
No one knows. But i t  was first reported in the l i terature in 1 859 for the correction of constricted 

maxi l lary dental arches over a period of 2 weeks. 

34. What other use do expansion devices have? 
A fixed expansion device or retained removable device is  a handle to the maxil la. This handle of 

opportunity is realized in max i llary protraction for correction of maxi l lary midfacial deficiency and 
anterior dental crossbite. 

A, lntraoral view before maxi l lary protraction. B, Same view after maxil lary protraction. 

35. During primary dentition, when is the best time for maxillary protraction? 
The best time is detem1ined by the eruption of the permanent central incisors, which secure the 

reposi tioned max i l l a  with a proper b i te .  This translates to a dental age of at least 5 years to beg in 
protraction treatment, which continues for 1 2  months. I n  general, the best t ime is before age 7 years. 
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M ixed Dentition ( Age 7-1 1 Years) 

36. What is mixed dentition? 
The period when both primary and permanent teeth are present i n  the mouth. It is  referred to as 

the "ugly duckling stage" and represents a period of marvelous complexity in dental arrangements 
and numbers. At inception (before incisors erupt) there is  a total of 48 teeth; this number is  reduced 
to 28 over a period of about 5 years. 

37. What are the succedaneous or successional teeth'? 
The incisors, cuspids, and bicuspids occupy a place in the arch once held by a primary tooth. 

38. What are the accessional teeth? 
All teeth that erupt posterior to the primary teeth (e.g., first, second, and third molars). 

39. What is achieved by orthodontic treatment of mixed dentition? 
During this period there is, perhaps, one last opportunity for segment al ignment of the max i l lary 

components, dental alignment, and space definition at sites of agenic teeth (almost always lateral in
cisors). in a nutshel l ,  it is  a most important opportunity to define maxi l lary dental arch perimeter. 

40. What treatment procedures are used? 
• Maxil lary expansion and protraction • Orthodont ic treatment 
• Preparatory extractions • Tooth straightening 
Preparatory extractions often include supernumerary teeth (teeth not present in a normal denti

tion and, in oral cleft patients, associated with cleft margins by the alveolar defect). Supernumerary 
teeth are common ly ectopic. If mult ip le, the additional supernumerary teeth are usual ly unerupted 
( impacted) and elevated within the anterior maxil lary cleft segment. 01thodontic treatment is  used to 
remove incisor i rregularities, to create space for the agenic lateral incisor(s)  and prospective graft 
s ites, and to define buccal segment dental arch length. The decision to extract permanent teeth to 
reduce excessive dental crowding is often made during this period. 

41. Why is this period critical for the alveolar bone graft? 
With the canine root 25-50% formed, success rates for grafting are high during this age range. 

42. Why is it important to graft the alveolar defect when the canine root is less than 50% formed'! 
Canine teeth may erupt and migrate through the bone graft. With root formation beyond 50%, 

teeth begin eruptive bodi ly relocation in excess of root lengthening, and the cuspid may penetrate 
from its intraosseous crypt into the void of the alveolar defect .  

Adol esce nt and Ad u It  Dentit ion ( Age 1 2-1 7 Years and Beyo n d )  

43. What i s  adolescent dentition? 
The first 6 years after onset of full eruption of succedaneous teeth during the period of acceler

ated adolescent growth in stature and facial development. 

44. What orthodontic appliances are used during this period? 
Occasionally, maxi l lary expansion may be indicated for a second t ime or, less often, primarily. 

Rigidly bonded or banded jackscrew appliances are most effective, but often spring wire-type expan
sion devices attached to two molars may be used successfully for buccal segment dental expansion. 
However, the principal procedures are carried out with comprehensive orthodontic appl iances and 
complete bracing of al l  c l inically erupted permanent teeth. Th is technique gives v i rrual control over 
the s ix possible bodi ly movements in space for each tooth. 

Controversy 

45. Is alveolar bone grafting a definitive procedure? 
Bone grafting is not a definitive procedure even when i t  is  entirely successful .  The first graft may 

not compensate for vagaries of cleft type and individual variation, and results may be impossible to 
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predict. A fuller alveolus for an osseointegrated implant or multiunit fixed prosthesis or elevation at 
the ala base is often a legitimate indication for a second graft during adolescence and adulthood. 

FAC I A L  G ROWTH I N  ORAL CLEFT PAT I E N TS 

46. Is craniofacial morphology of parents related to susceptibility for oral cleft in offspring? 
Yes .  Good evidence from cephalometric studies in parents of children with cleft lip (CL) and/or 

cleft palate (CP) supports this hypothesis. In the lateral view, al l  such parents have s ignificantly 
shorter upper facial height compared with lower facial height. A larger cranial base saddle angle was 
found in parents of chi ldren with CLP and CP. In the frontal view, a l l  parents had a s ignificantly 
narrower head (skull) width (HW) and smaller cephalic index. There were also greater ratios of  H W  
t o  interorbital, interzygomaticofrontal suture, nasal, bizygomatic, and alar width. Parents o f  chi ldren 
with CLP also showed asymmetries in nasal alveohu- shelf. In summary, shorter height and greater 
width in the upper face characterize al l  parent types. 

47. How is the craniofacial status of adult patients with isolated uni lateral cleft l ip/alveolus 
(UCLA) surgically treated in childhood different from that of normal samples? 

Facial height is  greater than in controls, and the maxil la-mandibular relationship demonstrates a 
flat facial angle. Patients with UCLA have a balanced rerrognathic-apertognathic profi le. With the 
least severe deformity, UCLA craniofacial status is c loser to the no1mal population than to the re
maining oral cleft population. 

48. How is the craniofacial status of adult patients with isolated UCLP surgically treated in 
childhood different from that of normal samples? 

Facial height tends to be larger than in controls. The facial angle demonstrates a retrusive con
figuration with m idfacial deficiency. The max i l lofacial abnormality is  explained by the severity of 
the deformity of patients with UCLP, manifest as a long-face, backward-divergent, and m idfacial
deficient profile. Mandibular deformity is independent of severity of UCLP deformity. 

49. How is the craniofacial status of adult patients with isolated BCLP surgically treated in 
childhood different from that of normal samples? 

A s imi lar deformity pattern to UCLP is found in BCLP with bimaxi l lary dentofacial ret:rusion, 
clockwise facial rotation, lower facial height enlargement, and retrocheilia ( reduced upper l ip thickness). 

SO. How is the craniofacial status of infants with isolated CP different from that of the CLA 
sample? 

The structures that are shorter in infants with CP compared with CLA (an acceptable normal 
standard) are maxi l lary length, posterior max i l lary height, mandibular length in both corpus and 
ramus, nasopharyngeal depth and height, and anterior cranial base length . Larger structures are 
mandibular angle (gonial), palatal plane angle, and open facial rotation. 1 J1 summary, infants with CP 
represent a d ifferent population from infants with isolated clefts of primary palate. 

51 .  How is the craniofacial status of adult patients with isolated CP treated and untreated in 
childhood different from that of normal samples? 

Whether surgically treated in childhood or not, the craniofacial status is  about the same in adults 
with CP. The maxi l la  is  shorter in length and retruded in position. The mandible is more posterior 
and retrognathic and smaller, with an increased plane angle; it is l ike the mandible found in patients 
with complete oral cleft and primary cleft palate. The facial angle, however, is  not unl ike that of con
trols. Differences are also found among the different types of CP. Patients with clefts of only the soft 
palate have the least affected maxi l la  but the most retrognathic profi le. Patients with soft and partial 
hard palate cleft have the most retruded maxi l la. Cases with soft and complete hard palate cleft have 
the best overall facial balance, nearly normal mandibular form, and profiles that are not retrognathic.  

52. How does a pharyngeal flap affect facial development? 
Done rather early in l ife, a pharyngeal flap contributes mechan ical, functional, and t issue factors 

affecting facial growth. The flap causes a greater reduction in forward maxil lary growth than what 
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ordinarily occurs. The maxi l lary vertical dimension i s  unaffected. A greater facial opening rotation 
maintains facial balance. In general, restraint, scar, and increased nasal impedance to airflow disturb 
maxi l lary growth. 
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1 5 . CE PHALOM ETRICS 

Prasanna-Kumar  Shivapuja , D . D .S . ,  M .S . ,  a nd John L .  Spolyar, D . D . S . ,  M . S .  

1 .  What i s  cephalometrics? 
Cephalometrics is the science of measurement of the skull, which began in the early 1 8th cen

tury. A fter the introduction of X radiation, measurements were made on standardized radiographs. 
The technique of radiographic cephalometrics was introduced by Hofrath in Germany and Brod bent 
in 1 934. The initial purpose was to do research in growth and development of skeletal structures and 
to establish a quantitative method for obtaining descriptive information about dentofacial patterns. 

2. How is cephalometric analysis performed? 
By acquiring a standardized lateral v iew of the skul l .  A tracing is made of the skul l  fi lm ,  and 

measurements are taken between points and planes constructed from anatomic landmarks. 

3. How is a standard cephalogram obtained? 
There are two specific requirements for obtaining a true standardized lateral head fi lm. The dis

tance from the x-ray source to the object should be 60 inches. The distance from the object to the 
fi lm should be 6 inches. The central beam is directed through the center of the ear rods to strike the 
x-ray fi lm  at right angles. To l imit  parallax distortion due to shifting, the head should be stab i l i zed 
with a head holder called a cephalostat. When these constants are maintained, a standardized lateral 
cephalogram is obtained with I 0% magnification of the head. The lateral cephalogram must be made 
with the mandible in centric position and l ips relaxed. 

4. Why is a cephalostat used? 
The cephalostat provides a means to standardize image and magnification d istortions of the 

cephalograph with standard positioning of the x-ray source. 

A, Portable cephalostat (Porta-Stat) used in  the operating room to secure lateral (8) and frontal (C) cephalometric 
radiographs. (From Spolyar JL: Design evaluation and use of a portable cephalometric cephalostat: The Porta
Stat (an x-ray subsystem). Spec Care Dent March-April 1 988, pp 64-70, with permission . )  

5. How do you trace a cephalogram? 
Tracing is done on a 0.003-in acetate paper with a 0.05-mm lead penc i l .  The s ide closest to the 

film is traced. In tracing the mandibular structures, the superior part of the body and distal part of the 

82 
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ran1L1s should be traced (the side closest to 
the fi lm). Whenever there is  a double image, 
the contours of the image can be traced by 
b i secting the two images .  The diagram at 
the right indicates the representative land
marks that need to be traced. 

Landmarks for cephalogram tracing. (Frolll 
Salzlllan JA: Practice of Orthodontics, Vols. I 
and 2. Philadelphia, Lippincott-Raven, 1 966, with 
permission.) 

6. What are the requirements for a landmark? 

deCostec's 
line 
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I .  The land1rnu·ks should be easily seen on a radiograph, unifom1 in outline, and easily reproducible. 
2.  Lines and planes should have significant relationship to the vectors of growth of specific areas. 
3. Landmarks should permit valid quanti tative measurements of l ines and angles projected from 

them. 
4. Measure points and measurements should have significant relationship to the infomiation sought. 
5. Measurements shou ld be amenable to statistical analysis .  

7. What are the most commonly used landmarks? 
I .  Nasion (N ) :  the anterionnost point on the fronto

nasal suture. 
2. Basion (Ba ) :  the lowermost point on the anterior 

point of the foralllen lllagnum. 
3.  Articulare (Ar): the point of intersection of the cranial 

base and the posterior border of the 1mmdibular ralllus. 
4. Porion ( Po ) :  the m idpoint of the upper contour of 

the external auditory canal. 
5 .  Spinooccipital synchondrosis (SO): the junction be

tween the occipital bone and basisphenoid. 
6. Sel la (S) :  the center of the sel la turcica. 
7 .  Pterygomaxi l lary fissure ( PTM):  the point on the 

base of the fissure where the anterior and posterior 
wal ls  meet. 

8. Orbitale (Or): the lowest point on the inferior 
margin of the bony orbit. 

9. Anterior nasal spine (ANS) :  the tip of the anterior 
nasal spine (sometillles modi fied as the point on the 
upper or lower contour of the spine where it is 3 mm thick). 

I 0. Point A (A): the innermost point on the contour of the prelllaxi l la between the anterior nasal spine and 

1 1 . 
1 2. 
1 3 . 
14 .  

incisor tooth. 
Point B (B ) :  the innermost point on the contour of the mandible between the incisor and the bony chin. 
Pogonion (Pog): the anteriormost point on the contour of the bony chin. 
Menton (Me):  the most inferior point on the mandibular symphysis. 
Gonion (Go): point on the angle of the mandible obtained by bisecting the angle fanned by intersection 
of a tangent drawn to the lower and posterior borders of the ramus. 

1 5 . Gnathion (Gn): a constructed point located between the pogonion and menton. 
(From Profi t t  WR, Thomas PM, Cami l la-Tulloch JF: Contemporary Orthodont ics. St. Louis ,  Mosby, 
1 986, with pem1 ission.) 
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8. What is a cephalometric plane? 
A plane by defin ition connects three or more points. A l ine by definition connects two or more 

points. These two terms are often used synonymously. The commonly used planes are as fol lows: 

Cranial base planes 
1 .  Basion-nasion ( Ba-N ) 
2. Sella-nasion (S- ) 
3. Frankfort horizontal plane (Po-Or) 
Maxillary planes 
1 .  Palatal plane: constructed by joining the ante

rior nasal spine to the posterior nasal spine 
2 .  Occlusal plane: plane extending between 

the mesial cusp of the max i l lary molar 
through the point that bisects the overbite 

3. Nasion-point A plane 
4. Long axis of  max i l lary incisor 
Mandibular planes 
1 .  Mandibular plane: l ine drawn tangent to 

the lower border of the mandible and pass
ing through the menton 

2 .  Nasion-point B 
3. Nasion-pogonion facial ax is plane 
4. Long axis of mandibular incisor 

(From Salzman JA: Practice of Orthodontics, Vols. 1 and 2 .  Phi ladelphia, Lippincott-Raven. 1 966. with pe1mission.) 

9. What are the components of cephalometric analysis? 
Skeletal analysis, profi le analysis, and dental analysis. 

10. What is the purpose of the skeletal analysis? 
The main purpose is to classify facial types and to establish the relative anteroposterior relation of 

the basal arches. Angle SNA indicates the anteroposterior positioning of the maxil la in reference to the 
cranial base. The normal angle for a Caucasian is 82°. An angle that exceeds 82° indicates maxi l lary 
protrusion, and an angle less than 82° indicates maxi l lary retrusion. Angle SNB indicates anteropos
terior relation of the mandible in reference to the cranial base. The mean is 80°. The basal arch analysis 
indicates the relation between the maxi l la and mandible (ANB angle). The normal value is 2°. 

An important factor in skeletal analysis is analysis of the vertical relation of the max i l l a  and 
mandible to the cranial base. The first of these measurements is the ratio of total facial height (mea
sured from nasion to menton) .  If this value is considered as J 00%, the upper part of the face (nasion 
to anterior nasal spine) should be 45%,  and the lower part (anterior nasal spine to menton) should be 
55%, although men tend to be sl ightly longer in the lower one-third of the face. The second meas
urement is  to relate the anterior maxi l la  to the cran ial base by evaluating tooth exposure on the 
cephalogram (with l ips relaxed) and frontal facial picture. Both should show tooth exposure of ap
proximately 2 mm. The third measurement is to relate the posterior max i l la to the cranial base by 
measuring the distance from the palatal plane to S-N. The fourth measurement is of the mandibu lar 
plane angle, which, when measured to the Frankfort plane, should be 25°. 

1 1 . What does the dental analysis indicate? 
It indicates anteroposterior positioning of the teeth in relation to their basal bones. The long axis 

of the maxi l lary incisor should be angled at I 04° to the cranial base. The long axis of  the mandibular 
incisor should be angled at 90° to the mandibular plane. 

12. What does the profile analysis assess? 
Profi le analysis permits appraisal of the soft t issue that covers the skeletal fac ial  profi le .  

Remember that  the soft-tissue profile is  related to faci al ske letal d imensions, tonic i ty of  the soft 
tissue, and habitual posture of the face in the head in space. An easy way to evaluate the profi le is to 
relate the face to Ricketts' aesthetic plane (the line extending from the soft tissue nose t ip to the soft 
tissue chin) .  The upper l ip  should l ie 2 mm behind the plane; the lower l ip  should l ie on the plane. 

The nasolabial angle is formed at the base of the nose by a l ine drawn parallel to the base of die nose 
and a tangent drawn to the upper l ip. It is also an important factor in establishing the anteroposterior 
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position of the maxi l la. The nasolabial angle should be 1 02° in both men and women with a standard 
deviation of go_ An acute nasolabial angle may be a renection of maxi l lary dentoalveolar protrusion. 
To rule out the inOuence of the nose on this angle, the upper lip should be evaluated in relation to the 
vertical orientation of  the face. The tangent drawn to the upper lip should be go in men and 1 4° in 
women with the nasion perpendicular. An obtuse nasolabial angle or a decreased cant of the upper 
lip is  an indication of a retrusive maxi l la .  

Normal \laluesfor Commonly Used Measureme111s 

MEASUREMENT 

SNA 
SNB 
ANB 
U l -NA 

L I -NB 

U l -L I  
L I -MP 
FMA 
Facial axis 

13. What is holdaway ratio? 

MEAN VALUE (CAUCASIAN) 

82 

80 
2 

22 

4 111111 

25 

4 111111 
1 3 1  

90 

25 

0-2 

MEAN VALUE (AFRICAN-AMERICAN) 

85 
8 1  

4 
23 

7 mm 
34 

JO 111111 
I I  I 

25 

Holdaway ratio, which is used to evaluate l ip  retrnsion or prominence, is an orthodontic method 
that relates the prominence of the mandibular incisor to the NB l ine and the pogonion to the NB l ine. 
For an ideal holdaway ratio, the lower incisor and the pogonion should be the same distance from the 
NB l ine. The ratio is  depicted as I :  1 .  Per cephalometric standards, the lower incisor should be 4 mm 
in front of the l ine NB and therefore the chin should also be 4 mm in front of the NB l ine. I t  i s  im
portant that the surgeon not advance the chin beyond the confines of the mandibular incisor teeth. 

14. What are the applications of cephalometrics? 
( I )  Diagnos is, (2) growth prediction, (3) visual treatment objective, and ( 4) surgical treatment 

objective (STO).  

1 5. How is the STO carried out? 
The STO is carried out on a lateral cephalogram taken in centric position with the l ips relaxed. 

A frontal facial picture with the l ips relaxed and a picture with a wide smile on are also helpful in de
ciding the vertical positioning of the maxi l la. 

1 6. How do you evaluate the effect of treatment? 
I t  can be evaluated by the process cal led superimposition. There are three basic types: 
I .  Overall superimposition is usually done by superimposing the anterior cranial base on de 

Caster's plane. After the age of 7 years, the sphenoethmoidal synchondrosis is fused, after which the 
anterior cranial base i s  a stable structure that can be used for superimposition. This form of superim
position indicates the overall change in the maxi l la and mandible in reference to the cranial base. 

2. Maxillary superimposition is done by superimposing the anterior nasal spine on the palatal 
plane (ANS-PNS) .  It reveals the dental changes in the maxi l la. 

3 .  Mandibular superimposition is done by superimposing on the l ingual aspect of the symph
ysis parallel to the lower border of the mandible or mandibular plane. I t  indicates the changes in the 
mandibular dentition due to treatment. 

Cephalometrics is  a valuable tool in the diagnosis and treatment planning of orthodontic and 
surgical cases, but i t  must be used only as an adjunct to cl inical diagnosis .  After a l l ,  we treat patients 
and faces, not x-rays. 
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1 6 . C RANIOSYNOSTOSIS 

J effrey Weinzweig, M . D . ,  )nanny Sa lomon , M .D . ,  a nd Pa trick K .  Su ll iva n ,  M . D  

I. What is craniosynostosis'? Who first described it'? 
Craniosynostosis designates premature fusion of one or more sutures in ei ther the cranial vaul t  

or crania l  base. H ippocrates provided the  first description of th i s  anomaly in 1 00 B .C .  He noted 
the variable appearance of the calvarial deform it ies and correlated i t  with the pattern of cran ial 
suture involvement. 

2. What structure is currently bel ieved to be primary site of abnormal i ty responsible for 
craniosynostosis'? 

The cranial suture. Three theories of the pathogenesis of craniosynostosis are: 
1 .  The suture is the site of abnormality, and the cranial base is the secondary deformity. 
2. The cranial base is  the primary site of abnormality, result ing in secondary cranial deformities. 
3 .  The defect is  in the mesenchymal blastema of both the cranial base and cranial sutures. 
The first theory i s  the most widely accepted. Cultured sagittal suture synostot ic cel ls demon

strate h igher alkal ine phosphastase levels, thought to be related to osteoblastic cell activity. In addi
tion, the doubling time is longer for synostotic cells than for both normal suture and bone, re ealing 
a potential for growth deficiency. 

3. What structure is critical to suture patency'? 
The dura. Its importance is not related to the tension transferred from the underlying growing 

brain to the dura but more to a substance that diffuses across a semipermeable membrane and keeps 
the suture patent. Osteoprogen i tor cells within the dura may synthesize locally acting osteogenic-in
hibiting factors that regulate suture patency. Proficiency of these factors or a suppressor substance 
may result in synostosis. 

4. How are cranial bones formed'? 
1 .  Intramembranous ossification begins at the end of the second month of gestation. A center 

of osteogenesis develops directly in vascularized mesenchyme. Expansion of the o s ification center 
proceeds radially via appositional growth. Initially cancel lous bone forms, but as trabeculae thicken 
and the bone becomes less porous, it becomes compact bone. Eventually each intramembranous cra
nial bone has enlarged to the point at which it articulates with an adjacent bone via a syndesmosis or 
suture. Growth then proceeds at the sutures. Until about 8 years of age, the intramembranous cranial 
bones are s ingle plates of compact bone. After this time, they become two plates of compact bone, 
separated by matTow and cancellous bone, or diploe. 

2. Endochondral ossification i s  the method by which the majority of the bones of the cranial 
base form. This method of oss i fication is more complex and proceeds by the replacement of preex
isting cartilaginous models. Endochondral ossification is also the mode of ossification for the axial 
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and appendicular skeleton. Cranial base articulations differ from those of the vault in that they are 
synchondroses-bones connected by cart i lage instead of syndesmoses. 

5. What are the two regions of the skull? 
1 .  The viscerocranium or splanchnocranium is the facial skeleton. 
2. The neurocranium houses the brain. The neurocranium consists of the vault, which forms 

its roof and wal ls, and the cranial base, which forms its floor. 

6. What is the primary stimulus for growth at the cranial suture? 
Growth at the suture area is  a secondary, compensatory, and mechanically obl igatory event fol

lowing the primary growth of the enclosed brain and ocular globes. The bones of the calvaria are dis
placed outward by the enlarging brain. Each bone of the domed skull roof responds to the expansion 
of the brain by depositing new bone al the contact edges of the sutures. 

7. At what age are brain volume and cranial capacity approximately 50% that of the adult? 
At 6 months of age. Brain volume in  the normal child almost triples within the first year of l i fe .  

By 2 years, the cranial capacity is 4 times that al birth. For this rapid brain growth to proceed nor
mal ly, the open crania l  vau l t  and base sutures must spread during phases of rapid growth. 
Craniosynostosis thus presents an obstacle to nOimal cranial vault growth. 

8. In which direction does cranial growth occur with relation to a synostotic suture? What is 
Virchow's law? 

In 1 85 1 ,  Yirchow noted a cessation of growth in a d irection perpendicular to that of the affected 
suture. As a result, growth proceeds (with or without overcompensat ion) in a direction pm·allel to the 
affected suture. This i s  Virchow's law. 

9. What is the incidence of craniosynostosis? 
I t  is  approximately 343 in l ,000,000 l ive births. Most cases of nonsyndromic, s ingle-suture syn

ostosis are sporadic, whereas syndromic cases are usually inherited in an autosomal dominant or re
cessive pattern with variable penetrance, depending on the syndrome. 

10. What is syndromic synostosis? How common is it? 
I t  often consists of a constellation of congenital abnormalities, including craniosynostosis, com

monly coronal, as in Cruzon's and Apert 's syndromes. Syndromic synostosis accounts for only 6% 
of all cases of craniosynostosis (approximately 2 in I 00,000 l ive births). 

1 1 . What is the incidence of increased intracranial pressure ( ICP) with single- and multiple
suture involvement? 

Using an epidural sensor device to mon itor 1 2 1  patients wi th craniosynostosis ,  Marchac and 
Renier documented intracranial hypertension ( ICP > 15 mm Hg) in 42% of patients with involvement 
of mult iple sutures and 1 3% of patients with only single-suture involvement. A progressive reduc
tion of ICP over time was noted in patients who underwent cranial vault remodel ing. 

12. What is the pathognomonic ophthalmologic sign of increased ICP? 
Papilledema. 

13. What does "thumb-printing" or a "copper-beaten" finding indicate? 
Both tern1s describe the classic radiographic evidence of increased intracran ial pressure on skul l  

films. Imagine the craterl i ke surface of a golf bal l .  Transfer that image to the inner surface of the cra
nium and voila-thumb-printing! 

14. What is the most common isolated single-suture synostosis? 
Sagit tal synostosis, or scaphocephaly, which is  characterized by a narrow, elongated cranial  

vault  and reduced bi temporal dimension ( the basic "toaster head"). 

15. Which type of craniosynostosis is most often associated with hypotelorism? 
Metopic synostosis .  In addition to the more common finding of  a palpable, midl ine forehead 

ridge, this type of craniosynostos is is also associated with a decreased d istance between the bony 
orbits (hypotelorism). 
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1 6. What are the different types o f  nonsyndromic isolated craniosynostoses? 
Head shape abnormality Affected sutures 
Frontal plagiocephaly Unilateral coronal 
Occipital plagiocephaly Uni lateral lambdoid 
Frontal brachycephaly Bi lateral coronal 
Occipital brachycephaly Bi lateral lambdoid 
Scaphocephaly Sagittal 
Trigonocephaly Metopic 

17 .  To which mult iple-suture synostoses do the terms "tower skul l," "poin ted head," and 
"cloverleaf skull" refer? 

Acrocephaly and turricephaly ("tower skull") designate a type of untreated brachycephaly with 
an excess of skul l  height and vertical elongation of the forehead. There may be multiple-suture in
volvement in addition to bicoronal synostosis. 

Oxycephaly ("pointed head") is  characterized by a retroverted forehead, t i lted posteroinferiorly 
on a plane with the nasal dorsum. The forehead is usual ly reduced in the horizontal dimension with 
elevation in the region of the anterior fontanel .  There may be mult iple-suture invol ement in addi
t ion to bicoronal synostosis. 

The K leeblattschadel anomaly is  characterized by a tri lobed "cloverleaf skull ,. with bi  temporal 
and vertex bulging. The spectrum of suture synostosis is  broad; newborns with the deformity may 
show no evidence of sutural synostosis. 

18. What characteristics differentiate Crouzon's syndrome from Apert's syndrome? 
Crouzon 's and Apert 's syndromes are both characterized by craniosynostosis and a frogl ike 

facies secondary to exorbitism, hypertelorism, and midface hypoplasia, all of which tend to be more 
severe in Apert's syndrome. A number of additional features distinguish the two anomalies: 

Characteristic Crouzon ' s Syndrome 

Affected sutures Coronal (most common), sagittal, 

or lambdoid 

Calvarial deformity Brachycephaly, scaphocephaly, 

trigonocephaly, or oxycephaly 

Hand anomalies None 

Ocular findings Nystagmus, strabismus, optic nerve 
atrophy 

Development No1mal 

Apert' s Syndrome 

Coronal (usually) 

Brachycephaly and turricephaly 

Symmetric syndactyly of the hands and feet 

Ptosis, anti mongoloid slant of palpebral 

fissure 

Retardat ion common 

19. Name three syndromes associated with hand anomalies. 
I .  Apert's syndrome (acrocephalosyndactyly) is transmitted by an autosomal dominant mode 

of inheritance. l t  is  characterized by craniosynostosis, exorbitism, midface hypoplasia, and symmet
ric syndactyly of the hands and feet. Although Tessier noted mult iple additional characterist ics of 
patients with Apert's syndrome, syndactyly essentially differentiates i t  from Crouzon's syndrome. 

2. Pfeiff'er's syndrome is  autosomal dominant in transmission. It is  characterized by cran
iosynostosis, exorbitism, midface hypoplasia, and enlarged thumbs and great toes. 

3. Carpenter's syndrome is  autosomal recessive in transmission. It is  characterized by cran
iosynostosis, polysyndactyly of the feet, and short hands with variable soft tissue yndactyly. 

20. What is secondary craniosynostosis? 
Any pathologic condition interfering with the nom1al development of the cranial bones may cause 

a compensatory synostosis of the cran ial sutures and secondary cran iosynostosi s .  An abnormal ly 
h igh incidence of craniosynostosis has been seen in patients with hematologic disorders, malforma
tions (m icrocephaly or encephalocele) ,  metabolic disorders (hyperthyroidism, vitamin D-resistant 
rickets, mucopolysaccharidosis) and other disorders, such as Hurler's syndrome and achondroplasia, 
that affect generalized skeletal development. 
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21 .  How does one differentiate between deformational and synostotic plagiocephaly? Which is 
more common? 

Synostotic frontal plagiocephaly, secondary to uni lateral coronal synostosis, is  an uncommon 
disorder that occurs in  I of I 0,000 l ive births. It is 0.2% as common as deformational plagiocephaly. 
Isolated uni lateral lambdoidal synostosis i s  an extremely rare cause of synostotic occipital plagio
cephaly, accounting for only 0.8- 1 .3% of  all syndromic and nonsyndromic cases. 

Deformational frontal p lagiocephaly results in an ips i lateral narrow palpebral fissure and 
lower eyebrow, inferiorly posi t ioned ipsi lateral ear, and no angulation of  the nasal root. The chin 
may deviate toward the involved side. From the vertex ("bird's eye") view, the deformational plagio
cephalic cran ium appears as though it has been compressed from forehead to opposite occiput ("par
a l le logrammic head"). The cheek and ear are retruded on the same side as the flattened forehead 
with bossing of the ipsi lateral posterior parietal bone and minor contrecoup flattening of the oppo
site occipitoparietal region. 

Synostotic frontal plagiocephaly results in an ipsilateral widened palpebral fissure, superiorly 
and posteriorly displaced supraorbital rim and eyebrow, higher ipsi lateral ear, and dev iation of  the 
nasal root toward the flattened s ide. The chin often points to the contralateral s ide .  The frontal 
fontanel le is  displaced toward the normal side. Viewed from above, the ear and cheek are anterior on 
the same side as the flattened forehead. Sutural ridging is inconsistently found in coronal synostosis; 
its absence does not exclude the diagnosis. 

Anatomic Feature Synostotic Deformational 

Jpsilateral supraorbital rim H igh Low 

lpsi lateral eyebrow position H igh Low 

lps i lateral ear Anterior and high Posterior and low 

Tpsi lateral cheek Forward Backward 
Nasal root Ipsilateral deviation M id l ine 

Chin deviation Contralateral I psi lateral 

lpsilateral palpebral fissure Wide and low Narrow and high 

Anterior fontanelle deviation Contralateral None 

22. Once the diagnosis of deformational plagiocephaly is made in a 2-month-old infant with a 
pronounced posterior head shape abnormality, what is the appropriate management? 

The parents should be advised to have the infant sleep prone, and a molding helmet should be 
fabricated and worn 23 hours each day unt i l  normal cranial shape has been restored. Close fol low-up 
every 2-3 months is warranted. 

23. What is the harlequin deformity? 
The harlequin deformity is the characteristic radiographic finding in pat ients with synostotic 

frontal plagiocephaly. I t  describes the abnormal shape of the orbi t  due to ips i lateral superior dis
placement of the lesser wing of the sphenoid. 

24. What is torticollis? 
Torticol l i s ,  which l i terally means "twisted neck," results from shortening of the sternocleido

mastoid muscle. It is characterized by a t i l t ing of  the head toward the affected side; the chin points 
up and toward the opposite side. The shoulder is higher on the affected side, and the external ear is 
sometimes more prominent on the affected side. When the condition persists beyond a few weeks in 
infancy, an asymmetry develops in which the face and skul l  on the affected s ide appear smal ler. 

25. Is there an association between deformational plagiocephaly and torticollis? 
Definitely. True torticol l is-in which the head t i l ts toward the abnormal side-is present in 64% 

of children with deformational plagiocephaly. Ocular torticol l is, in which the child attempts to cor
rect for strnbismus-induced diplopia by ti lt ing the head toward the normal side, is present in approx
imately 50% of chi ldren with synostotic plagiocephaly. 
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26. What are the two goals of surgery for patients with craniosynostosis? 
1 .  Decompression of the intracranial space (to reduce ICP, to prevent v isual problems, and to 

permit normal mental development) 
2. Achievement of satisfactory craniofacial fom1 

27. What is the ideal timing for correction of craniosynostosis? 
The thickness of the calvarial bone between 3 and 1 2  months of age is usually adequate to 

permit reconstructive osteotomies yet soft enough to faci l itate remodel ing. Delayed reconstrnctions 
after 1 1/2 years of age are usual ly technically more difficult. 

28. Which reconstructive procedures are performed before 1 year of age? Which are performed 
after 1 year of age? 

Frontal bone advancement with or without strip craniectomies, cranial vault remodel ing, mono
bloc or craniofacial advancement, and shunt surgery for hydrocephalus are performed early, usual ly 
before 6 months of age. Late procedures include Le Fort III advancement with or without concomi
tant frontal bone advancement (usual ly at 3-4 years of age), monobloc advancement, and jaw 
surgery (usually i n  early adolescence), which may include a Le Fort I osteotomy and genioplasty. 

29. ls a strip craniectomy sufficient treatment for sagittal synostosis'? 
No. Sagittal or parasagittal strip craniectomy has been used with l imited success only in cases of 

mild isolated sagittal synostosis. Most cases of sagittal synostosis, however, require cranial vaul t  re
model ing, with removal of the affected suture and performance of frontal, parietal , and occipi tal 
"baffel-stave" osteotomies. 

30. How is metopic synostosis corrected? 
Except in the mildest cases of trigonocephaly, for which observation or burring of the midl ine 

forehead ridge may be sufficient, a more substantial procedure involving simultaneous supraorbital 
and frontal remodel ing is usual l y  necessary. Despite the fact that metopic synostosis is an uncom
mon form of craniosynostosis, with an incidence of less than 1 0% of al l  cases of cran iosynostosis, it 
is the most obvious deformity associated with premature fusion of a single suture because of its 
prominent frontal keel, narrow forehead, and close-set eyes. Removal of the deformed supraorbital 
bar and flattening of the nasion angle, using either a midline fracture or osteotomy. results in a lat
eral canthal advancement with replacement on the midfacial segment. 

With more severe cases of metopic synostosis, in which hypotelorism is present, a nasofrontal 
osteotomy is performed before attachment of the supraorbital bar to the inferior midfacial segment. 
The frontonasal junction i s  separated with an osteotome, and a bone graft is inserted. This procedure 
immediately increases the intercanthal distance and partially corrects the hypotelorism. 

3 1 .  What is the appropriate treatment for an infant with bi lateral coronal synostosis and a 
moderate degree of exorbitism? Is this approach useful in an infant with syndromic synostosis 
(Crouzon's or Apert's syndrome)? 

The Tessier type of frontal bone advancement is advocated for the infant with bi lateral coronal 
synostosis and a moderate degree of exorbitism as well as the infant with syndromic synostosis. The 
osteotomies are made across the nasofrontal junction, across the roof of the orbit, and along the lateral 
orbital wal l .  Osteotomy extensions are made into the temporal Fossa to provide a tongue-in-grnove 
arrangement that obviates the need for bone grafts for fixation purposes. The frontal bone flap is then 
wired to the advanced supraorbital bar. Advancement of the frontal bone as far as 20 mm can be per
fom1ed in this manner, with significant expansion of the orbital volume. Closure of the scalp after signif
icant frontal bone advancement can be faci l i tated by scoring of the galea (see figure, top of next page) .  

32.  How does treatment for unilateral coronal synostosis ( plagiocephaly) d iffer from treat
ment for bi lateral coronal synostosis (brachycephaly)? 

Early approaches to the treatment of plagiocephaly included simple coronal strip craniectomies 
and extended strip craniectomies with removal of the involved suture, but these procedures do not 
reliably produce upper craniofacial symmetry. Although plagiocephaly is a unilateral mal formation, 
the preferred treatment usual ly consists of bilateral forehead remodeling along ith removal and 
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Frontal bone advancement o r  frontoorbital re
modeling. A, C, Lines of osteotomy/osteotectomy. 
B, D, Calvarium fol lowing frontal bone advance
ment and remodel i ng .  (From McCarthy JG, 
Epstein FJ, Wood-Smith D :  Craniosynostosis. In 
McCarthy JG (ed):  Plast ic Surgery. Philadelphia, 
W.B. Saunders, 1 990, p 3028, with permission.) 

9 1  

modification o f  a single supraorbital bandeau (bar) extending across both orbits, a s  advocated by 
Marchac. This technique pem1its simultaneous restoration of forehead symmetTy as well as correc
tion of the anteroposterior posit ion and superoinferior discrepancy of the supraorbital r ims.  
Plagiocephaly reconstruction is  very s imi lar to brachycephaly correction in that a bilateral approach 
is usual ly optimal;  however, orbital symmetry presents a greater problem in the case of p lag io
cephaly, requiring anteroinferior and sl ight medial translocation of the affected supraorbitaJ rim. 

33. What is a Le Fort III advancement osteotomy'? 
A Le Fort 1 1 1  advancement osteotomy is performed for the purpose of advancing the m idface in 

the patient with severe mid facial retrusion. The bony framework of the nose is divided at the na
sofrontal junction; the osteotomy l ine is continued backward across the medial wall of the orbit on 
each side, then downward to the floor of the orbit. A narrow osteotome is used to section the delicate 
lamina papyracea of  the ethmoid, which forms the portion of  the medial wall posterior to the 
lacrimal bone. A transverse cut is made across the orbital floor and joins the inferior orbital fissure to 
the lower end of the medial wal l  osteotomy. 

Le Fort Ill advancement. A, Maxil lary hypoplasia with 111idface retrnsion. B,  Lines of osteotomy. C, Anteroinferior 
translation of the osteotomized segment. D, Autogenous bone grafts are placed in the nasofrontal junction, lateral 
orbital wall , zygomatic arch, and pterygomaxi l lary fissure defects. Fixation is achieved wi th miniplates. (From 
McCarthy JG, Epstein FJ, Wood-Smith D: Craniosynostosis. In McCarthy JG (eel ) :  Plastic Surgery. Phi ladelphia, 
W.B: Saunders, 1 990, p 3038, with permission.) 



92 Cran iosynostosis 

The lateral orbital wal l  is  sectioned transversely in the region of the frontozygomatic suture l ine 
or above i t .  The orbital contents are retracted medial ly, and the lateral orbital wal l  is divided at i ts  
junction with the cranium. The zygomatic arch is  s imi larly sectioned. The lateral rbital wal l  os
teotomy is continued inferiorly and posteriorly through the pterygomaxil lary fissure. Once the os
teotomies have been perfo1med, the midfacial skeleton can be loosened with the Rowe disimpacting 
forceps. Bone grafts are placed in the defects of the nasofrontal junction, lateral orbital wal l ,  and 
pterygomaxi l l ary fissure. After intermaxi l l ary fixation, interosseous wires or min ip late fixation is 
used to stabil ize the nasofrontal, zygomaticofrontal, and zygomaticotemporal osteotomies. 

34. When should a Le Fort III advancement osteotomy be performed with a simultaneous Le 
Fort I osteotomy or frontal bone advancement ? 

The combination of Le Fort i l l/Le Fort I osteotomies permits differential advancement of the mid
face and maxi l lary segments. This approach is indicated for patients in whom the deformity is restricted 
to the upper aspects of the midface (exorbitism and maxil lary hypoplasia) and in whom dental occlusal 
relationships are within acceptable range. The Le Fo1t l osteotomy is performed superior to the apices of 
the teeth and below the infraorbital ne1ve. l t  is continued medially and superiorly to te1111inate at the upper 
margin of the piriform aperture. The osteotomy continues laterally to join the pterygomaxi l la1y fissure. 

The Le Fort I I I/Le Fort I osteotomy 
combination permits d i fferential ad
vancement of the mid face and maxi l 
laiy segments. Autogenous bone grafts 
are placed in the defects and fixation 
is accomplished with wires or mini
plates. (From McCarthy JG, Epstein 
FJ, Wood-Smith D: Craniosynostosis. 
In  McCarthy JG (eel): Plastic Surgery. 
Philadelphia, W.B. Saunders, 1 990, p 
3044, with permission.) 

The combination of Le Fort l l l/frontal bone advancement osteotomies pennits simultaneous ad
vancement of the midface as well as the frontal bone. This approach is preferred in patients with 
brachycephaly and midfacial retrusion. Once the frontal bone flap is  removed, the upraorbital os
teotomy is extended horizontal ly to the region of the temporal fossa and continued in stepwise fash
ion inferiorly toward the base of the skul l .  The step design of this osteotomy permits bony contact 
after advancement of the frontal bandeau. The osteotomy is cont inued in a horizontal fashion 
through the lateral orbital wall and roof posteriorly. The procedure is  completed by performing the 
Le Fort III osteotomy. This combination permits simultaneous advancement of the frontal bone. part 
of the roof, and the lateral wall of the orbits. 

The Le Fort l l l/frontal bone advancement osteotomy combination permits simultaneous advancement of the m id
face as well as the frontal bone. A,  B,  Lines of osteotomy. C, Frontal bone segment advanced. D.  Final position 
after advancemenI of all bony segments with bone grafts in  place and skeletal fixation completed. ( From 
McCarthy JG, Epstein FJ, Wood-Smith D:  Craniosynostosis. I n  McCarthy JG (eel): Plastic Surgery. Philadelphia, 
W. B.  Saunders, 1 990, p 3042, with permission.) 
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CONTROV E RSY 

35. What is a monobloc advancement? Is it safe? 
Twenty years ago Ortiz-Monasterio popularized a method of increasing orbital volume for the 

. correction of severe exorbitism by the simultaneous advancement of the forehead, orbits, and mid
face. The l ines of osteotomy for the monobloc advancement are s imilar to those for the combined Le 
Fort III I frontal bone advancement except that the nasofrontal junction and frontozygomatic suture 
are not osteotomized. The Le Fort I l l  segment also incorporates the roof of the orbits. In doing so, 
the extent of orbital volume expansion is l imited. 

Although this procedure is  advocated by a number of highly experienced surgeons, including 
Tessier, the increased risk of infection and associated CSF leak remains a significant concern. This 
risk i s  due to the communication created between the nasal and intracranial cavit ies by the os
teotomy design. Despite the use of pericranial flaps to separate these cavities, the increased risk as
sociated with their potential persistent communication remains. 

Monobloc advancement. A ,  Hypoplastic midface and orbitofrontal region. B,  Lines of osteotomy. The Le Fort I l l  
segment incorporates the roof o f  the orbits; the frontal bone i s  re111odeled i n  two seg111ents. C ,  The three bony 
seg111ents can be advanced to varying degrees. D, Final posi t ion after advance111ent of all bony seg111ents wi th  
bone grafts in place and skeletal fixation co111pleted. (From McCarthy JG, Epstein FJ ,  Wood-Smith D :  Cranio
synostosis. In McCarthy JG (ed): Plastic Surgery. Philadelphia, W.B .  Saunders, 1 990, p 3045, with per111ission.) 
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J oseph L .  Daw, J r. ,  M D ,  D . D .S . ,  a nd Louis Mora les , J r. ,  M . D . 

1 .  What anatomic dimension is used to identify orbital hypertelorism? 
ln terorbital distance (100) defines the presence or absence of orbital hypertelorism. I t  is  the dis

tance between the medial wal l s  of the orbits at dacryon Uunction of the frontal and l acrimal bones 
and the maxilla). 100 should not be confused with intercanthal distance (ICD), which is the d istance 
between the medial canthaJ tendon insertions. An increase in the !CD but not the IOD is referred to 
as pseudoorbital hypertelorism. Interpupillary distance ( IPD) should not be used to determine orbital 
hypertelorism because many patients may have exotropia or esotropia. 

2. What is considered a normal interorbital distance? 
The average 100 in men is 28 mm and in women 25 mm. By age 2 years, 70% of the IOD has 

been attained. At birth, the IOD is approximately 1 6  mm. 

3. How is orbital hypertelorism classified? 
There are two methods of classification. The most commonly used system, described by Tessier, 

is based on the IOD. Patients are divided into type I (30--34 mm), type I I  (35-39 mm), and type I I I  
(;:o:  40  mm). Munro classified orbital hypertelorism according to  the shape of the medial orbital wal l .  
Type A medial orbital wal l s  are paral lel .  In type B ,  the anterior interorbital tissues sh w a ballooning 
out. In type C, the central portion of the medial wal l  balloons out. The posterior ethmoidal cel ls  are 
widest in type D. Types C and D are more di fficult to correct. 

Munro classification of orbital hype11elorism. A, Parallel medial orbital walls. B, Ballooning out of anterior inferorbital 
tissue. C, Ballooning out of central portion of medial wall. D, Widening of posterior ethrnoid cells. (From Munro LR, 
Das SK:  Improving results in orbital hypertelorism correction. Ann Plast Surg 2:499-507, 1 979. with permission.) 

4. Where is the level of the cribriform plate located? 
Normally, the cribriform plate is  positioned 1 0  mm below the level of the orbital roof. However, 

with orbital hypertelorism, the cribriform plate may be located up to 20 mm below the orbital roof. 

5. What anatomic structures are altered in patients with orbital hypertelorism? 
The primary defom1ity is  widening of the ethmoid sinuses transversely. The axis of orbits is more 

divergent (normal = approximately 25°). The lateral orbital wall, therefore, may be foreshortened. The 
crista gal l i  may be enlarged or duplicated. The glabella is usually flatter, and the frontal sinuses, once 
developed, are often enlarged. The nose is usual ly short and wide. Specifically, the nasal bones may 
be short, whereas the upper lateral and lower lateral carti lages may be larger and bifid. In addition, the 
nasal septum may be dupl icated or unusually wide. Structures that u ually are not affected or affected 
to a lesser degree include the cribri form plate, greater and lesser sphenoid wings, and optic canals. 

6. What causes orbital hypertelorism? 
Orbital hypertelorism is not a syndrome but rather a physical finding that is  as ociated with a 

great variety of congen i tal mal formations. It may be seen in midl ine or paramedian c raniofac ial  
clefts, craniofacial syndromes (e.g. ,  Apert and Crouzon syndromes), and sincipita l  encephaloceles. 
Other causes include amniotic banding syndromes, dermoid cysts, g l ial tumors, and teratomas. 
Patients with cleft l ip  and palate also may have a mi ld degree of hypertelorism. 
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7. What are the types of sincipital encephaloceles? 
A cephalocele is  a herniation of intracranial contents through a cranial defect .  When i t  contains 

the meninges and cerebrospinal flu id,  i t  is  referred to as a men ingocele; when both meninges and 
cerebral t i ssue are present, i t  is cal led a men ingoencephalocele. Cephaloceles are c lass ified by 
anatomic location: sincipital (also referred to as frontal or frontoethmoidal) ,  parietal, basal, and oc
cipital .  S incipital encephaloceles are found between the bregma and the anterior margin of the eth
moid bone. They are further classified by the direction of herniation: nasofrontal , nasoethmoidal, and 
nasoorbital. S incipital encephaloceles show great geographic and ethnic variation. Among European 
and North American Caucasians, s incipi tal encephaloceles are rare, whereas in Southeast Asia and 
N igeria they are much more common. 

8. What surgical methods are used to correct orbital hypertelorism? 
The most commonly used method is a combined intracrania l/extracrania l  approach to pro

v ide access to create the osteotomies. Osteotomies are made in all walls of the orbit c ircumferen
t ial ly, resu lt ing in total mobil izat ion of the orbits .  Resection of structures within the interorbital 
space, inc lud ing en larged ethmoidal a ir  ce l l s  and nasal septum, i s  requ i red.  Resection of  bone 
anteriorly and in the anterior cranial Fossa may be accomplished as e i ther median or paramedian 
segments. 

In patients with orbital hypertelorism and signi ficant transverse constriction of  the maxil lary 
dental arch, facial bipartition may be performed. This procedure simultaneously narrows the interor
bitaJ distance, expands the transverse width of the maxi l lary dental arch, and levels the maxil lary oc
clusal plane. 

A subcranial approach may be used in less severe forms of orbital hypertelorism, in which the 
cribriform plate has not prolapsed inferiorly. A U-shaped osteotomy of the orbits is  developed, in
volving only the medial wall, floor, and lateral wal l .  
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Surgical correction of orbital hype1telorism. A ,  lntracranial/extracranial approach. B, Facial biprutition. C, Subcranial 
approach. (From Dufresne CR: Complex Craniofacial Problems. New York, Churchi l l  Livingstone, 1 992, with 
permission.) 

9. What effect does the intraorbital/intranasal exenteration have on future growth of the 
midface? 

According to the experience of McCarthy and others, normal development of the midface can 
be expected when correction of  orbital hypertelorism is performed in a growing chi ld .  However, 
Mul l iken and others demonstrated an adverse effect on anterior facial growth in young chi ldren who 
underwent correction of hypertelorism. 

10. What steps must be taken to preserve olfactory function during surgical correction of or
bital hypertelorism? 

Preservation of o lfactory function depends on avoidance of injury to the cribriform plate and 
maintenance of the continuity of  the mucosa of the upper nasal septum and superior turbinates. The 
olfactory nerve end organs are located within this mucosa. 
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1 1 . What ancillary procedures are usually required in conjunction with primar: correction of 
orbital hypertelorism? 

Nasal reconstruction is one of the most important steps in the correction of  orbital  hyper
telorism. The nasal dorsum is reconstructed using a bone graft (calvarial, rib or i l ium),  which is  se
cured as a cantilever. I f  excessive nasal skin is present, i t  must be excised i f  the dorsal augmentation 
does not completely fill the soft tissue envelope. The excision of the dorsal nasal skin is  designed as 
an hourglass shape. Besides tightening the skin transversely, a lengthening of the nasal soft t issue is  
created with closure. This technique is of additional benefit because the nose in patients with orbital 
hypertelorism is usually short. If the nasal carti lages are bifid, they should be corrected as wel l .  

Medial canthoplasties are usually necessary a t  completion o f  the procedure, because often the 
insertion of the medial canthal tendons has been detached during the intraorbital dis ection. Medial 
canthoplasty may be accompl ished with transnasal wiring from one medial canthal tendon to the 
other. 

1 2. What deformities may persist or become apparent after correction of orbital hypertelorism? 
The most common res idual deformity is  canthal drift, which results in the production of  epi

canthal folds. This deformity may give a false impression of relapse of the medial translocation of  
the orbits. Bony relapse is  l ikely to result from inadequate exenteration of  intraorbital or intranasal 
structures or inadequate translocation of the orbits. Other postoperative sequelae i nc lude enoph
thalmos, ptosis ,  strabismus, nasolacrimal dysfunction, shortened palpebral fissures, and temporal 
depression. 
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1 8 . C RAN I O FACIAL SYN DROMES 

Salva tore Lettieri. M . D , a nd Craig A.  Vander Kolk , M . D .  

1 .  What exactly is a syndrome? 
A syndrome is a set of symptoms that occur together. A part icular syndrome may have three, 

four, or ten mani festations, but a key sequence of symptoms leads to the diagnosis of a part icu lar 
syndrome. For example, an infant who presents with midface hypoplasia and exorbitism may be di
agnosed with Crouzon syndrome. However, with one other symptom ( i .e ,  syndactyly of the middle 
digits of the hands and feet), the patient is  diagnosed with Apert's syndrome. 

2. What is the difference between a malformation and a deformation? 
A malformation is  a defective or abnormal formation that is acquired during development. A 

deformation occurs secondary to extrinsic forces. Posterior flattening of one side of the head may 
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be secondary to intrinsic or extrinsic forces. I f  an infant is laid in the same position, the young, mem
branous bones of the cranium are subject to flattening; the morphologic diagnosis is plagiocephaly. 
Unilateral lambdoidal synostosis may cause a simi lar finding. Removal or redirection of the external 
forces often corrects deformational abnormalities. 

3. What is the difference between penetrance and expression'? 
Both terms relate to an inheritable trait as man ifested in relation to the principal gene or affected 

genes. Penetrance relates to frequency, whereas expression relates to extent. Patients may have a par
ticular gene or trait that does not man ifest fu l ly ( i .e . ,  variable expression). Genetic relationships may 
involve a continuum of effect with variable expression. A theoretic example is the d i fference be
tween Crouzon syndrome and Apen syndrome. The two have simi lar craniofacial features; however, 
patients with Apert syndrome have syndactyly. In addition, the midface hypoplasia seems to be a bit 
more severe, and the i ncidence of mental deficiency is greater. Although two distinctive genetic ab
nomrnl ities may distinguish A pert syndrome and Crouzon syndrome, sometimes a patient diagnosed 
with Crouzon syndrome may indeed be a patient with Apen syndrome and minimal expression of 
the involved traits. Such problems are common with syndromic classifications as opposed to genetic 
diagnoses. 

4. What is the difference between trigonocephaly and metopic synostosis? 
This classic question invites a differentiation between morphologic and pathologic diagnosis. 

Trigonocephaly refers to the morphologic shape, whereas metopic synostosis is a pathologic entity. 
Synostosis is the premature closure of a suture; metopic synostosis refers to premature closure of the 
metopic suture .  Because the classification of craniosynostosis is based on the involved suture,  the 
anatomy of the sutures must be known. The involved sutures are usually the coronal (uni lateral or bi
l ateral ) ,  metopic, sagi t ta l ,  and Jambdoid. The morphologic shapes of  the head include trigono
cephaly, scaphocephaly, plagiocephaly, brachycephaly, or turricephaly. Trigonocephaly, which refers 
to a triangle-shaped forehead, is related to premature fusion of the metopic suture. Scaphocephaly 
results from premature fusion of the sagittal suture and gives an enlongated look to the head because 
of l im ited growth perpendicular to the suture.  Plagiocephaly, which refers to flat ten ing of the af
fected site, results from unilateral coronal suture synostosis or unilateral lambdoid suture synostosis. 
Torticol l is, or repeated positioning of the head to one side, also may cause posterior flattening of the 
head. The deformational abnormality of the skull entails a morphologic diagnosis of plagiocephaly 
without a cl inical or pathologic diagnosis of synostosis. This distinction is an important element for 
differentiation of cause, treatment, and outcome. 

5. How does growth occur in relationship to an affected suture? 
Traditional ly, because synostosis is premature fusion, i t  is thought that no growth occurs at the 

suture site. Growth, therefore, occurs parallel to the affected suture with restriction perpendicular to 
the suture. For example, a patient with sagittal synostosis has an enlongated head with anterior and 
posterior growth but restricted growth in the lateral direction. A patient with uni lateral coronal syn
ostosis on the right side ha restricted growth in the right anterior to left posterior d irection with 
compensatory enlongation in the left anterior to riglit posterior direction. This pattern, first described 
by Virchow in the 1 9th century, continues to be the classic depiction of growth. Theories of cause 
and treatment cont inue to change. 

6. Which syndrome also affects the l imbs'? 
Several syndromes affect the l imbs. Among the more common is Apert syndrome, which in

volves syndactyly of  the feet and hands. Crouzon Syndrome, which has s imi lar fac ial features to 
Apert syndrome, does not involve hand anomalies. Other syndromes in which the l imbs are affected 
include Saethre-Chotzen syndrome (brachydactyly),  Pfei ffer syndrome ( large, broad great toes and 
thumbs),  Carpenter syndrome (short hands and polysyndactyly of the feet ) ,  and Nagar syndrome 
(missing digits, syndactyly, and either hypoplastic or aplastic thumbs and/or radius) .  

7. Are al l  syndromic children destined to develop a learning deficiency? 
This is one of the most difficult questions to address. The only way to be certain is to leave all af

fected children unoperated and then assess subsequent development. Patients with Crouzon syndrome 



98 Cra n i ofac i a l  Syndromes 

have had a normal adul t  l i fe wi thout surgical i ntervention. Many patients who present in i nfancy 
undergo surgery. Mental retardation occurs in less than 5% of patients with Crouzon syndrome. 
Apert syndrome, which is s imi lar to Crouzon in its craniofacial abnormali t ies, has a much h igher 
rate of mental retardation (over 50% of patients). Timing of surgical intervention to improve the in
cidence or severity of mental retardation is controversial .  To date, no evidence proves or disproves 
any theory. 

8. Who was Pierre Robin? Why is he important? 
Pierre Robin ( 1 867- 1 950) was a French dental surgeon who contributed greatly to orthodontics. 

He cal led attention to problems associated with glossoptosis and airway obstruction-a congenital 
anomaly consist ing of micrognathia, cleft palate, and prominent tongue . In  later publications, he 
c laimed that many ai lments were related to the enlarged tongue, including acrocyanosis ,  f lat  feet, 
cryptorchidism,  constipation, gastroenteritis, and even appendicitis . Affected chi ldren have c lassic 
facies with partial or complete airway obstruction and difficulty with feeding. They may or may not 
have a cleft palate; they usual ly have retrognathia or micrognathia. The prone posiLion i s  best be
cause i t  faci litates breathing. Many patients require a tracheostomy and often a feeding tube to faci l 
itate breathing and nutrition. Various treatments have been tried, including partial glossectomy and 
mandible advancement. Other mechanical treatments include suturing the tongue forward or p lacing 
a K-wire through the mandible to try to keep i t  in a forward position. More recently distraction os
teogenesis has been used with some early success. We should remember that the P ierre Robin anom
aly is a sequence and not a syndrome. 

9. Which syndrome has a built-in metabolic disorder? 
Albright syndrome (pseudohypoparathyroidism). Craniofacial manifestations include a rounded 

and low nasal bridge and short neck. Patients often have cataracts and short metacarpals and 
metatarsals. They also may have hypocalcemia and hyperphosphatasemia. This auto omal dominant 
disorder seems to be associated with a deficiency in a regulatory protein required to couple mem
brane receptors to adenyl cyclase. This action stimulates cyc l ic adenyl cyclase monophosphate. 

10. With which syndrome do you see lower lip pits? 
Yan der Woude's syndrome ( l ip pit-cleft l ip  syndrome). Lower lip pits are present in 80% of pa

tients, who may be m issing the central and lateral incisors, cani nes, or bicuspids. In addit ion, pa
tients often have a cleft lip but may or may not have a cleft palate or cleft uvula. Yan der Woude's 
syndrome is an autosomal dominant disorder, whereas just about everything else is autosomal reces
sive. So it is easier to remember the few dominant disorders and guess recessive for the rest. 

1 1 . What differentiates Klippel-Trenaunay-Weber from Parkes-Weber syndrome? 
Both are neoplastic syndromes, but arteriovenous fistu las are present in Parkes-Weber syn

drome. The syndrome without arteriovenous fistulas was first reported by Klippel and Trenaunay. 
The craniofacial manifestations include asymmetric facial hypertrophy, hemangiomatta, and micro
cephaly; intracranial calcifications also may be present. Other interesting findings include enlarged 
abdominal v iscera and d isturbed major blood vessels .  Patients are usual ly mental l y  impaired and 
may be prone to seizures. The l imb hypertrophy can be quite devastating, and the soft t issue sur
rounding the l imb may be several times the diameter of an unaffected l imb. Once the diagno i s  is 
made, the abdominal v iscera, brain, eyes, urinary, and gastrointestinal tracts should be checked for 
evidence of hemangiomatta wi th early intervention as indicated. 

1 2. What is telorbitism? 
Tessier coined this term, which describes a condition in which the orb i ts are far apart. Most 

craniofacial  syndromes involve varying degrees of telorbitism. Some, such as Apert and Crouzon 
syndromes, have shallow orb i ts and the appearance of telorbit ism. Most procedures that are per
formed do not readily address the extent of the telorbitism unless i t  is associated with a specific re
duction of the midfacial bones and movement of the orbits. Correction can be extremely difficult and 
chal lenging. The important coro l lary to this question is which patients may have hypotelorism. 
Hypotelorism is associated with B inder's syndrome, Down syndrome, trigonocephaly, holoprosen
cephaly, and arhinocephaly. All other syndromes have ei ther nonnal or widened orbits. 



Cran iofacia l  Syndromes 99 

13. Are all craniosynostoses associated with a syndrome? 
Not rea l ly. Syndromes are present only in I 0-20% of patients with primary craniosynostosis. 

Cohen reported a total of 64 diagnoses that involved craniosynostosis. At this point certainly more 
have been discovered or reported. Usual ly single-suture synostoses are isolated, sporadic anomalies, 
whereas mult iple-suture synostoses are syndromic. 

14. Does surgery always correct the craniofacial deformity? 
We certain ly  t ry. The amount of correction is d irectly related to the degree of the problem. 

Craniosynostosis may be s imple and straightforward, such as sagittal synostosis, which leads to 
scaphacephaly. Patients may have a single sagittal strip craniectomy with removal of a 3-4-cm width 
of bone overlying the sagittal suture and removal of portions of the coronal sutures. Patients often do 
very wel l  if surgery is done early (3-4 months of age). A patient with midfacial hypoplasia and mi ld 
exorbitism may be treated with a frontal advancement as the first stage and a possible LeFort I l l  ad
vancement at a later age. Corrective surgery of a craniofacial defom1ity is largely static, whereas the 
growing intracrania l  and extracran ial t issues are dynamic .  The intent is to predict the amount of  
needed growth and to  overcome the potential deficiency in bony growth caused by ei ther surgery or  
the underlying d isorder. 

15. What is the most common craniofacial cleft? 
When talking about craniofacial clefts, one must distinguish between the typical c left l i p  and 

palate and facial c lefts. None of the various classification schemes is perfect, but the easiest to re
member is the Tessier classification. Basically, the face is cut in half with a right and a left side, and 
each s ide is considered a c lock with 14 hours instead of 1 2 . The c lock runs from 0 to 1 4, both of 
which occur in the midl ine. Zero is in the facial region, whereas 1 4  is in the midcranial region. For 
example, a number 0 c left is d i rectly through the midnose, and a number 1 4  c left is through the 
nasal-frontal suture and midfrontal region. Extending laterally, cleft numbers I ,  2, and 3 pass through 
the pyriform aperture. The next three clefts (numbers 4, 5 ,  and 6) involve the lower eyel id and can be 
eas i ly remembered as the medial ,  middle, and lateral thirds of the lower eye l id. Cleft number 7 is 
outside the lower eyelid and involves the lateral oral commissure. B i lateral number 7 clefts have the 
appearance of a broad smile. The Tessier number 7 facial cleft is the most common craniofacial c left 
and occurs in approximately I of 3,000 births. Usual ly the clefts occur in pairs that total 1 4  (e.g. ,  a 
number 0 c left usual l y  occurs with number 1 4, and a number I cleft usua l ly  occurs with a number 
1 3) .  The Tessier number 7 cleft is usually not associated with any other cleft ,  although i t  may be bi
lateral. The Tessier number 8 c left begins at the lateral commissure of the palpebral fissure and ex
tends into the temporal region. It often is present with a Tessier c left number 6 (the two total 1 4) .  
Expression is variable, and only one craniofacial c left may b e  present. O f  note, Treacher Col l ins  
syndrome also may be described as cleft numbers 6, 7, and 8 .  Numbers 8- 1 4  can be remembered as 
the cranial extensions of thei r  midfacial counterparts (see chapter 1 9) .  
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1 9 . CRA N I O FACIAL CLE FTS 

J effrey Weinzweig , M D .  

1 .  When does the embryologic development o f  the face take place? 
Embryogenesis of the face takes place between the fourth and eighth weeks of gestation, during 

which the crown-rump length (CRL) of the fetus enlarges from 3.5 mm to 28 mm. 

2. When does the most rapid phase of facial development occur? 
The most dramatic changes in facial development occur in the extraordinarily brief period be

tween 1 7  and 27 mm CRL (seventh and eighth weeks of gestation). In embryos with a 1 7-mm CRL 
the facial processes have fused, marking the end of the transformation phase. 

3. Morphogenesis of the craniofacial skeleton begins with the formation of which bone? 
The sphenoid body and its extensions. Morphogenesis continues with the fom1ation of the 

middle and anterior cranial fossae and a reduction of the interorbital distance. Evolution proceeds 
with the union of the two nasal halves and the development of the nasomaxi l lary complex, which ex
pands forward, downward, and laterally. In embryos with a 27-mm CRL the skeleton is completed 
with a lengthening of the mandibular ramus, which adapts itself to the formation of the nasomaxi l 
lary complex. 

4. Why do craniofacial clefts occur? 
Embryogenesis of the craniofacial region is extremely complex. S ignificant demands are placed 

on the coordination of cel l  separation, migration, and interaction during a brief 4-week period. The 
proper amount of tissue must be present at an exact moment in the correct three-dimensional rela
tionship for no1mal craniofacial development to occur. Any mishap in this intricate program can lead 
to disastrous consequences. Evidence from animal and cl in ical studies supports a mult ifactorial eti
ology. Factors such as infection with influenza A2 virus, infestation with toxoplasmosis protozoan, 
maternal metabol ic disorders, and exposure to teratogenic compounds, inc luding anticonvulsants, 
antimetabo l ic and alkylating agents, steroids, and tranqui l i zers, are bel ieved to p lay a role  i n  the 
etiopathogenesis of craniofacial clefts. 

5. What are the two leading theories of facial cleft formation? 
1 .  Failure of fusion. This c lassic theory, proposed by Dursy ( 1 869) and H is ( 1 892), contends 

that the central region of the face is the site of union of the free ends of the fac ia l  processes. The 
face takes form as the various processes fuse. After epithel ia l  contact is establ ished by these 
processes, penetration by the mesoderm completes the fusion. Disruption of this sequence results in 
c left formation. 

2. Mesodermal migration and penetration. This theory, proposed by Pohlman ( 1 9 1 0) and 
Yeau and Politzer ( 1 936), contends that separate processes are not found in the central  portion of  the 
face; therefore, free ends of  the facial processes do not exist. Instead, the central portion of the face 
is composed of a continuous sheet of a bi lamel lar membrane of ectoderm known as the primary 
p late, which is demarcated by epithel ial  seams that del ineate the principal "processes." Into th is  
double layer of ectoclerm, referred to  as  the epithelial wal l ,  mesenchyme migrates and penetrates to  
smooth out  the seams. The lower face and neck are formed by a series of branchiaJ arches that con
sist of a thin sheet of mesoderm lying between the ectoclenn and encloclerm. The craniofacial meso
clerm is augmented by neuroectoclerm brought in by the migrating neural crest cells, from which the 
craniofacial skeleton is bel ieved t:o be principally derived. I f  peneu·ation by the neuroectoclerm does 
not occur, the unsupported epithel ial wal l breaks clown to fonn a facial cleft. The severity of the cleft 
is inversely proport ional to the degree of penetration by the neuroectoclern1. I f  penetration fai ls  a l to
gether, a complete cleft is forn1ed as the epithel ial wal l  dehisces. Partial penetrat ion results in the de
velopment of an incomplete cleft. 
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6. What is the incidence of craniofacial clefts? 
The exact incidence of craniofacial clefts is unknown because cases are rare and series tend to 

be smal l .  However, extraction of cases of rare facial clefts from larger series of common clefts of the 
l i p  and palate provides a comparative incidence of  9.5 to 34 rare facia l  c lefts per I 000 common 
clefts. As common clefts of the lip and palate occur with an overa l l  incidence of  approximately 1 .5 
per I OOO l ive births, the extrapolated incidence of rare facial clefts would be approximately 1 .4-5 . 1  
per 1 00,000 l ive births. 

7. Who was the first to recognize the three-dimensional complexity of craniofacial clefts ? 
Paul Tessier, who stated that "a fissure of the soft tissues corresponds as a general rule wi th a 

cleft of the bony structures." 

8. How is the Tessier classification of craniofacial clefts structured? 
The orbit, nose, and mouth are key landmarks through which craniofacial c lefts follow constant 

axes. The c lefts are numbered from 0 to 1 4, with the lower numbers (0-7) representing the facial 
c lefts and the h igher numbers ( 8- 1 4) represent ing their cranial extensions. Mul t iple and b i lateral 
c lefts may occur in the same patient. When a malformation crosses both hemispheres, a craniofacial 
cleft is produced that generally follows a set "time zone." Examples of these combinations include 
the no. 0- 1 4, 1 - 1 3 , 2- 1 2, 3- 1 I ,  and 4- 1 0  clefts. 

Tessier classification of craniofacial clefts. 
A, Path of various clefts on the face. B, Lo
cation of the clefts on the fac ial skeleton. 
(Courtesy of Dr. P. Tessier.) 

B 

9. What is i nternasal dysplasia? To which Tessier cleft does this term apply? 
Internasal dysplasia is a developmental arrest in the groove separat ing the two nasal halves 

before union has occurred. This anomaly is known as the Tessier no. 0 cleft . Depending on the time 
of developmental a1Test, a wide spectrum of anomalies is seen. In less severe cases, the anomaly is 
characterized by b ifidity of  the columel la ,  nasal t ip ,  dorsum, and dista l  part of  the cart i l ag inous 
septum. Occasionally, a median cleft of the l ip, a median notch in the Cupid's bow, or a duplication 
of the labial frenulum is found. In more severe cases, the nasal halves are widely separated and or
bital hypertelorism is present (see figure A,  next page). The premaxi l la may be bifid, and the maxi l la  
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may demonstrate a keel-shaped defo1mity in which the incisors are rotated upward in each half of the 
alveolar processes. A medial cleft of the palate may extend upward to the cribriform plate. The wider 
the cleft, the greater the interorbital distance, the shorter the nose, and the more arched the maxi l l ary 
vault .  At the other extreme, the nose may be totally absent or represented by a proboscis. The median 
bony defect in such cases extends into the ethmoids to produce orbital hypotelorism or cyclopia (see 
figure B below). The associated brain malfomiation usually l imits the l ife span to infancy. 

No. 0 cleft. A, The osseous cleft passes between the central incisors, resuliing in broadening of the nasal frame
work and orbital hypertelorism. B, Portions of the premaxi l la  and nasal seplum are absenI and the supporting 
structures of the nose are hypoplastic with resultanI orbital hypotelorism. (Courtesy of Dr. P. Tessier.) 

1 0. Which craniofacial clefts begin at Cupid's bow? 
Tessier no. I ,  2 ,  and 3 clefts begin at Cupid's bow. In addi t ion, no. 4 and 5 clefts, and, rarely, 

no. 6 clefts may involve Cupid's bow. Therefore, all common cleft l ips must be evaluated closely for 
additional structural anomalies. 

11. What is nasoschizis? To which clefts does this term refer? 
Nasoschizis is related to c lefts of the lateral aspect of the nose. These clefts are commonly re

feJTed to as Tessier no. l or 2 clefts. The no. I cleft begins at Cupid's bow. The common cleft of the 
lip is  an example of this malfonnation. The spectrum of these anomalies ranges from a small notch 
in the alar rim to a wide defect involving one or both nasal halves. Clefting of the alveolar arch be
tween the central and lateral incisors is  commonly seen. The piriform aperture is  violated lateral to 

No. 1 cleft (A). The osseous location of this malfom1ation is paramedian with compensatory lateral displacement 
of the orbit in the noncleft side. No. 2 cleft (B). Clefting of the alveolar arch occurs in the region of the lateral in
c isor. The pirifonn aperture is involved at its base as the clefJ passes through the broadened frontal process of the 
maxil la to produce orbital hypertelorism. (Courtesy of Dr. P. Tessier.) 
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the anterior nasal spine. The no. 2 cleft also begins in Cupid's bow and crosses the alveolus in the 
region of the latera l  i nc i sor. The piriform aperture is divided at its base, and the nasal septum is 
intact but deviated by the maxi l lary distortion. 

12. What is an oronasoocular cleft? 
Also referred to as an obl ique facial cleft, the oronasoocular c left is a no. 3 c left that begins at 

Cupid's bow, unde1111 ines the base of the nasal ala, and continues cephalad i nto the lower eyel id (see 
figure A below). This is  the first of the Tessier clefts to involve the orbit directly. The osseous com
ponent of the cleft passes through the alveolus between the l ateral incisor and canine (see figure B 
below). The cleft continues cephalad through the piriform ape1ture and the frontal process of the maxi l la 
and terminates in the lacrimal groove. The underlying nasolacrimal system is disrupted, producing 
an obstructed nasolacrimal duct and a sac that is  prone to recu1Tent infections. The lower canaliculus 
is malformed and irreparable. This cleft is seen more commonly than the no. I and 2 clefts. 

A 

No. 3 clef!. A, This clef! begins al Cupid's bow, undennines the base of the nasal ala, and continues cephalad into 
the lower eyelid, where a coloboma is found medial to the punctum. B,  The no. 3 cleft is the first cleft to involve 
the orbit directly. The osseous component of the cleft passes through the alveolus between the lateral incisor and 
canine, then continues cephalad through the piriform aperture and the frontal process of the maxi l la to terminate 
in the lacrimal groove. (From Stratoudakin AC: An outline of craniofacial anomalies and principles of their cor
rection. ln Georgiade GS, Georgiade NG, R iefkol R, Barwick WJ (eds): Textbook of Plastic, Maxil lofacial and 
Reconstructive Surgery, 2nd ed. Baltimore, Wil l iams & Wi lkins, 1 992, p 343, with permission.) 

13. What are colobomas? Where are they found in  relation to the punctum in  the no. 3 cleft? 
Colobomas, which are notches (clefts) of the eyelid of varying degrees, involve the lower eyel id 

and are found medial to the punctum. 

14. Why is the no. 4 cleft also called meloschisis? 
First described by von Kulmus in Latin in 1 732, the no. 4 cleft represents a departure of the de

formity from the median facial structures. The cleft moves onto the cheek and, therefore, is  also re
ferred to as meloschis is .  This oroocular or oculofacial cleft begins lateral to the Cupid 's bow and 
phi l trum. l t  passes lateral to the nasal ala, which is largely uninvolved, and onto the cheek. The cleft 
te1111 inates in the lower eyel id, medial to the punctum (see figure A, top of next page). The osseous 
component of  the c left starts between the lateral incisor and can ine. The pir i form aperture, naso
lacrimal canal ,  and lacrimal sac are spared as the cleft courses medial to the in fraorbital foramen to 
terminate in the medial aspect of the inferior orbital rim and floor (see figure B, top of next page). 

15. Which of the oblique facial clefts may permit orbital content prolapse into the maxillary 
sinus? 

Prolapse of orbital contents into the maxi l la  occurs most commonly  with no. 4 c lefts and to a 
lesser degree with no. 5 clefts. The no. 5 cleft is rare; it originates in the l i p  just medial to the oral 
commissure. This cleft courses cephalad across the lateral portion of the cheek (meloschisis) into the 
area of the medial and lateral thirds of the lower eyelid (see figure A, next page). The vertical distance 
between the mouth and lower eyelid is  decreased, and the upper lip and lower lid are drawn toward 
each other. The eye may be microophthalmic. The alveolar port ion of the cleft is found posterior to 
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No. 4 cleft. A, This oculofacial cleft begins lateral to Cupid's bow and philtrum. It passes lateral to the nasal ala 
and onto the cheek, then terminates in  the lower eyelid, medial to the punctum. (From Stratoudakin AC: An out
l ine of craniofacial anomalies and principles of their  correction. ln Georgiade GS, Georgiade NG, R iefkol R, 
Barwick WJ (eds): Textbook of Plastic, Maxi l lofacial and Reconstructive Surgery, 2nd ed. Balt imore, Wil l iams 
& Wilkins, 1 992, p 343, with permission.) B,  The cleft passes between the infraorbital foramen and the pirifonn 
aperture. The orbit, maxil lary sinus, and oral cavity are united by the cleft. (Courtesy of Dr. P. Tessier.) 

the canine in the premolar region. The cleft then passes lateral to the infraorbital foramen and enters 
the orbit through the middle third of the orbital rim and floor (see figure B below). The orbital con
tents may prolapse through the gap into the max i l lary sinus. 

A 

No. 5 cleft (bi lateral). A ,  This cleft begins just medial to the oral commisure and courses cephalad across the lat
eral cheek into the area of the medial and lateral thirds of the lower eyel id. B,  The bony cleft begins posterior to 
the canine, then passes lateral to the infraorbital foramen and enters the orbit through the middle third of the or
bital rim and floor. (From Stratoudakin AC: An outline of craniofacial anomalies and principles of their correc
t ion.  In Georgiade GS, Georgiade NG, R iefkol R, Barwick WJ (eds): Textbook of P lastic, Max i l lofacial and 
Reconstructive Surgery, 2nd ed. Baltimore, Wil l iams & Wilkins, 1 992, p 343, with pem1ission. ) 

16. Which cleft represents an incomplete form of the Treacher Collins anomaly'? 
The no. 6 cleft. A coloboma of the lateral third of the eyel id marks the cephal ic end of the cleft 

as it descends lateral to the oral commissure toward the angle of the mandible. The palpebral fissures 
have an antirnongoloid s lant. The bony c left passes through the zygomatico-maxi l l ary suture and in
volves the lateral third of the infraorbital r im. The zygoma is present but hypoplastic. 

17. Which is the least rare of the craniofacial clefts? With which more familiar anomaly is it 
associated? 

The no. 7 c left, the least rare of the craniofacial clefts, is more commonly referred to as hemi
facia l  m icrosomia. Additional descriptive terms include first and second branchial arch syndrome, 
otomandibular dysostosis, craniofacial microsomia, intrauterine facial necrosis, oromandibuloauricular 
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syndrome, and lateral facial clefts. The incidence of this mal formation is between I in 3000 and I in 
5642 births. 

Cl inical expression is highly variable. A skin tag may represent the "forme fruste" or microform 
of the mal formation. A severe no. 7 cleft begins as a macrostomia at the oral commissure and contin
ues as a furrow across the cheek toward a microtic ear. The fifth and seventh/cranial nerves and the 
muscles that they supply also may be involved. The osseous component of the no. 7 c left is  centered 
in the region of the zygomaticotemporal suture with hypoplasia of the zygoma and temporal bone. 
The zygomatic arch is  disrupted and represented by proximal and distal stumps; varying degrees of 
mandibular deficiency, including complete absence of the ram us, are seen on the affected side. 

18. When was hemifacial microsomia first described? 
The earliest description of the malformat ion is  the cune i form inscriptions on the teratologic 

tables written by the Chaldeans of Mesopotamia about 2000 B.C. 

19. What syndrome is closely related to hemifacial microsomia but has the additional features 
of epibulbar ocular dermoids and vertebral anomalies? 

Goldenhar syndrome. However, as less than 5% of hemifacial  microsomia cases actual ly 
demonstrate the findings that distinguish them as Goldenhar syndrome, many do not recognize this 
as a distinct enti ty. 

20. Which craniofacial cleft is often occupied by a dermatocele? 
The no. 8 cleft . The bony component of this c left is centered at the frontozygomatic suture. It 

begins at the lateral commissure of the palpebral fissure and extends into the temporal region. 

21. The bilateral combination of nos. 6, 7, and 8 clefts represents the complete form of which 
syndrome? ( H int :  the zygomas are absent.) 

Treacher Col l ins syndrome. The three clefts involve the maxil lozygomatic, temporozygomat ic, 
and frontozygomatic sutures and are responsible for the absence of the zygoma in this malfonnation, 
the hallmark of the complete form of Treacher Col l ins syndrome. The no. 6 cleft is responsible for the 
coloboma of the lower eyelid. The no. 7 c left is  responsible for the absence of the zygomatic arch. 
The no. 8 cleft completes the mal formation by contributing to the absence of the lateral orbital rim. 

Nos. 6, 7, and 8 c lefts (b i l atera l ) .  These three clefts are responsible 
for the absence of the zygoma in this malformation. the hal lmark or 
the complete form of Treacher Col I ins syndrome. (Courtesy of Dr. P. 
Tessier.) 

22. Which is the rarest of the craniofacial clefts and the first to involve the superior hem i 
sphere o f  t h e  orbit'? 

The no. 9 cleft ,  which is  found in the superolateral angle of the orbit and affects the underlying 
superior orbital rim and orbital roof. The eyel id is div ided in its lateral third, as is the eyebrow, be
cause the cleft extends into the temporal hairline. 

23. Which cleft is the cranial extension of the no. 4 facial cleft and is often occupied by a fron
toorbital encephalocele? 

The no. I 0 c left ,  which traverses the middle third of the orbit, upper eye l id, and eyebrow. The 
osseous component of the c left involves the midportion of the superior orbital rim, the adjacent or
bital roof, and the frontal bones. A frontoorbital encephalocele frequently displaces the entire orbit 
in an inferior and lateral direction to produce orbital hypenelorism. 



1 06 Cra n iofac ia l  C lefts 

No. I 0 cleft. The osseous c left involves the mid portion of the superior 
orbital rim, adjacent orbital roof, and frontal bones. A fron1oorbi 1a l  
encephalocele frequently d isplaces rhe enti re orbi t  infralaterally 1 0  
produce orbital hypertelorism. (Courtesy of Dr. P .  Tessier.) 

24. Which cleft is usually found in combination with the no. 3 cleft? When is it  associated with 
orbital hypertelorism? 

The no. I I c left is the cranial extension of the no. 3 facial cleft and has not been reported as an 
isolated deformity. The c left traverses the medial third of the upper eye l id and eyebrow as i t  courses 
into the frontal hairl ine.  The osseous cleft may pass lateral to the ethmoid bone to create a cleft in the 
medial third of the superior orbital rim. Alternatively, the cleft may course through the ethmoidal 
labyrinth, in which case orbital hypertelorism is produced. 

25. Why is orbital hypertelorism usually associated with the no. 12 cleft? 
The no. 1 2  cleft ,  which is the cranial extension of the no. 2 facial cleft, disrupts the eyebrow just 

lateral to the medial border. The bony cleft passes through the frontal process of the maxi l la  or be
tween this structure and the nasal bone. The ethmoidal labyrinth is increased in its transverse dimen
sion to account for the associated hyperte lorism. 

26. Which cleft is associated with transverse widening of the cribriform plate? 
The hal lmark of the no. 1 3  c left ,  which is the cranial extension of the no. 1 facial  cleft ,  is widen

ing of the o lfactory groove with concomitant transverse widening of the cribriform plate. The cleft 
l ies medial to the eyebrow, which is usually displaced inferiorly. Orbital hypertelori m is a constant 
finding with the cleft traversing the nasal bone, ethmoidal labyrinth, and olfactory groove. 

27. "The face predicts the brain." Explain. 
Because of the intimate association of the frontonasal prominence with the development of the 

forebrain ,  the severity of  centra l ly  located craniofacia l  malformations appears to para l le l  that of 
forebrain defects. Therefore, the extent of facial deformity provides a c lue to the severity of the de
velopmental arrest of the forebrain. 

28. In  addition to the no. 0 cleft, which other cleft is associated with both hypotelorism and 
hypertelorism? 

The no. 1 4  cleft ,  which i s  the cranial extension of the no. 0 fac ial c left, may re ult from struc
tural agenesis or tissue overabundance. When the cleft is secondary to agenesis, orbital hypotelorism 
is usual ly  seen. The holoprosencephal ic malformations, in which embryologic division of the pros
encephaly into two parts is disrupted, fal l  into this group of anomalies. When frontonasal dysplasia 
(medial c left face syndrome) or a frontonasal encephalocele occurs, orbital hypertelorism is seen 
(see figure, top of next page). The basic faul t  in embryogenesis l ies in the malformation of the nasal 
capsule. The developing forebrain thus remains in its low lying position. As a result of morphokinetic 
arrest of the normal medial movement of the eyes, the orbits remain in their wide pread fetal posi
tion. In  such cases, the crista gal Ii may be widened, dupl icated, or absent, and the cribriform plate 
may be caudally displaced as much as 20 mm. 

29. Which structures must be considered in  the reconstruction of a craniofacial cleft? 
Reestabl ishment of facial integrity in patients with median or paramedian c lefts involves a ll dis

rupted structures-the skeleton, fac ial muscles, and skin. Reconstruction is based on the fol lowing 
principles: 
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o. 1 4  cleft. When this cleft is associated with a frontonasal encephalo
cele, orbital hyperte lorism is seen (From Tessier P: Anatomical classifi
cation of facial ,  cranio-facial and latero-facial clefts. J Maxil lofac Surg 
4:69, 1 976, with permission.) 
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1 .  Reconstruction of the skeleton is accomplished by removal of abnormal elements, transposi
tion of skeletal components, and use of bone grafts. 

2. Reinsertion of the facial muscles is achieved by transposition and fixation of dystopic rem
nants. An intact muscular l ayer serves to establ ish and maintain form, to animate the face, and to 
stimulate growth. 

3.  Restoration of the skin is  pe1formed by transposition of local flaps. The cutaneous layer pro
v ides protection for the underlying structures and preserves facial contour by i ts attachment to the 
skeleton. 

30. What is a no. 30 cleft? 
Median clefts of the lower l ip  and mandible represent the caudal extension of the no. 0 c left. 

The cleft of the lower lip may be l im ited to the soft t issue and present, in its most minor form, as a 
l i p  notch. More frequently, however, the c left extends into the bony mandibular symphysis .  As the 
severity of the malformation increases, the neck structures, hyoid bone, and even sternum are pro
gressively involved. This group of deformities is  classified as no. 30 c lefts. (Take a closer look at the 
figure in question 8 . )  
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M Rusen Kapucu ,  M D .  and  H .Wolfgo.ng Losken , M . D , F .R .C .S . ( Edin ) 

1. What is craniofacial microsomia? 
Craniofacial microsomia is a spectrum of morphogenetic anomalies involv ing the skeletal, soft 

tissue, and neuromuscular structures derived from the first and second branch ial  arches. 

2. Do craniofacial microsomia and hemifacial microsomia represent the same entity? 
Yes-as do the first and second branchial  arch syndrome, oculoauriculovertebral spectrum,  

otomandibular dysostosis, and lateral facial dysplasia. The variety of names reflects an incomplete 
understanding of the pathogenesis as well as the wide spectrum of c l in ical deformities inc l uded in 
this category. 

3. How frequently does craniofacial microsomia occur? 
Craniofac ial microsomia is the second most common congenital facial anomaly after c left l i p  

and palate with an incidence of  I in 5 ,600 l ive births. The anomaly is uni lateral in 80% of cases. The 
male-to-female ratio is 3 :2,  and the anomaly has a 3 :2  preference for the right side. 

4. Is there a genetic predisposition to craniofacial microsomia? 
Most cases are sporadic, although both autosomal dominant and autosomal recessive inheritance 

have been reported. It has been estimated that the recurrence rate in first-degree relatives is 3%.  

5. What does a typical patient with craniofacial microsomia look l ike? 
Hypoplasia of  the mandibu lar ram us, _ which is usual ly accompanied by hypoplasia of  the 

zygoma, max i l la ,  and temporal bone, causes flattening of the lateral part of the face . In uni lateral 
cases, the chin is dev iated to the affected side and the occlusal plane is t i l ted upward on the affected 
side. Varying forms of microtia are found, and soft tissue hypoplasia contributes to the asymmetry of 
the face. 

6. Which deformities are frequently present in craniofacial microsomia other than skeletal 
hypoplasia and microtia? 

Macrostomia, facial paralysis, palate paralysis, and hypoplasia or paralysis of the masseter, tem
poral is, and pterygoid muscles. 

7. What is Goldenhar syndrome? 
B ilateral craniofacial microsomia with epibulbar dermoids and vertebral anomalies. 

8. Where are the skin tags found in craniofacial microsomia? 
In the preauricular area and between the first (maxi l lary) and second (mandibular) branchial 

arches. 

9. Classify the mandibular malformation in craniofacial microsomia. 
In type I, the mildest form, all components of the mandible are present but hypoplastic to vary

ing degrees. The temporomand ibular joint is present, but carti lage and joint space are reduced. In 
type I IA, the condylar process is cone-shaped and forms an art iculation that al lows h inge but not 
translatory movement. In type I I B ,  no condylar process articulates with the temporal bone , but a 
coronoid process of varying size is present. The entire mandibular ramus is absent in type I I I .  

10 .  What are the goals of  surgical treatment in craniofacial microsomia? 
The goals are construction and reshaping of the craniofacial skeleton, augmentat ion of soft 

tissue, and treatment of associated conditions such as auricular malformations and facial paralysis. 
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1 1 . What orthodontic treatment is used in patients with craniofacial microsomia? 
An intraoral functional appliance i s  constructed to hold the affected mandible in a lowered, for

ward position that st imulates an increase in the size of both the abnormal condyle and the short coro
noid process .  I t  is used in young ch i ldren during the presurgical phase and may be part i cu larly 
beneficial in patients wi th type I deformit ies. I t  is also used in the postoperative period to prevent re
lapse of the mandibular deformity and to stimulate growth of the max i l la. 

12. What surgical methods are available to construct the mandibular ramus and increase the 
size of the mandible? 

The procedure depends on the extent of bony deficiency. In  chi ldren wi th type I and type I I  mal
formations, in  which a mandibular ramus i s  present, avai lable bone may be increased in  s ize and 
lengthened by d i stract ion osteogenesi s .  In type I I I malformat ions, the mandibular ramus and 
condyle need to be constructed with costochondral and/or i l iac bone grafts. 

13. What is distraction ·osteogenesis? 
Distraction osteogenesis is bone fomiation in the gap between the gradual ly distracted bone ends 

on each side of a corticotomy. Because new bone is generated in the treated location, use of this method 
obviates the need for harvesting bone grafts from other body parts, avoiding donor s i te morbidi ty. 

14. How is distraction osteogenesis used for lengthening the mandible'? 
A corticotomy (or osteotomy) is performed in the mandible. P ins inserted into the bone on each 

s ide of the cort icotomy are connected to a fixator device. The fixator is manipulated by turning a 
screw, which causes distraction of the callus between the bone segments at a rate of I mm per day. 
When the desired amount of lengthening is achieved, distraction is stopped. The fixator and pins are 
removed when radiologic evidence of satisfactory bone formation is seen, usual ly 6--9 weeks after 
the end of distraction. 

15. What are the aims of distraction of the hypoplastic mandible? 
( I )  To lengthen the mandibular ram us; (2) to lengthen the mandibular body; ( 3 )  to reduce the 

gonial angle; and (4) to increase the intergonial distance. 

16. How is mandibular distraction planned? 
By measuring the ram us and body length on cephalometric radiographs or three-dimensional 

CT scans, and comparing this measurement with the unaffected s ide and the normal length for a 
chi ld of the same age and sex, the necessary amount of lengthening can be determined. 

17. How do you know when mandibular distraction is adequate? 
When the distance between the lateral canthus and l ateral commissure of the mouth i s  the same 

as the unaffected side and when the mandibular occlusal midl ine is overco1Tected by 3-4 mm. 

18. Describe the skeletal construction in children with type III mandibular malformation. 
The absent mandibular ramus, condyle, glenoid Fossa, and often deficient zygoma need to  be 

constructed with bone grafts. Costochondral grafts are preferred for condylar reconstruction to pro
vide an optimal joint surface and growth from the costochondral junction. Costa!, i l iac, and calvarial 
bone grafts are used to reconstruct the other structures. 

1 9. What is the sequence of reconstructive surgery in children with craniofacial microsomia? 
I .  Excis ion of preauricular skin tags 3. Costochondral grafts at 4 years of  age 

in the first year of l i fe 4. Ear reconstruction at 6 years of age 
2. Mandibular distraction at 2 years of age 5. Soft t issue augmentation after adolescence 

20. Does the maxillary deformity require surgery? 
In chi ldren with mi l cl-to-moclerate malformat ions, early construct ion of the mandibular ramus 

produces a posterior open bite and al lows space for the max i l la to grow downward. Orthodontic 
app l iances can faci l i tate this growth, and the oblique occlusal plane may gradually be corrected. In 
patients who present late for treatment or in whom the maxi l la  does not grow satisfactorily, a Le Fort I 
maxi llary osteotomy is needed. 
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2 1 .  How is the soft tissue deficiency treated? 
The method of choice depends on the amount of soft tissue deficiency. M i ld deficiency usual ly 

can be corrected by dermal and/or fat grafts. In patients with more signi ficant soft t i  sue hypoplasia, 
de-epithel ia l ized fasciocutaneous free flaps, such as the scapular flap, are preferred. 
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2 1 .  S K U LL BAS E  S U RG E RY 

Stephen P. Bea ls, M D ,  FAC.S . ,  Ramon Angel S Robles , M D , 
and Kerry A. Golden , M PT 

1 .  What are the  anatomic divisions of  the cranial base? 
Anterior cranial fossa-formed anterolaterally by the frontal bone, inferiorly by the orbital 

plates and the anterior portion of the body of the sphenoid, medially by the cribrifonn plate of the 
ethmoid bone, and posteriorly by the lesser wings of the sphenoid bone. 

Middle cranial fossa-formed anteriorly by the posterior margins of the lesser wings of the 
sphenoid bone, the anterior c l inoid processes, and the ridge forming the anterior margin of the chias
matic groove; laterally by the temporal squamae, the parietal bones, and the greater wings of the 
sphenoid; and posteriorly by the petrous portion of the temporal bone and dorsum sellae. 

Posterior cranial fossa-formed anteriorly by the dorsum sel lae and the c l i  us of the sphe
noid, inferiorly by the basal part of the occipital bone, anterolaterally by the petrous and mastoid 
portions of the temporal bone and the mastoid angles of the parietal bones, and posteriorly by the 
occipital bone. 

2. List the foramina found in each segment of the cranial base and their contents. 

Fora men 

Anterior cranial fossa 
Foramen cecum 
Anterior ethmoidal foramen 
Posterior ethmoidal foramen 
Foramina for o lfactory nerves 

Middle cranial fossa 
Optic foramen 
Superior orbital fissure 
Foramen rotundum 
Foramen ovale 
Foramen sp inosum 

Contents 

Vein from nasal cavity to superior sagittal sinus 
Anterior ethmoidal  vessels and nasoci l i ary nerve 
Posterior ethmoidal vessels and nerve 
Ol factory nerves 

Optic nerve 
Cranial nerves m, I V, VI ,  V 1 
Cranial nerve V 2 
Cranial nerve Y 3 
Middle meningeal artery 

Table cominued on next page. 



Foramen 
Anastomotic foramen 
Emissary foramen 
lnnominate canal 
Foramen lacerum 

Posterior cranial fossa 
Jugular foramen 
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Co11te11ts 
Branch from middle meningeal artery to lacrimal artery 
Vein from cavernous sinus to pterygoid plexus 
Lesser petrosal nerve to otic gang I ion 
Small nerve of the pterygoid canal and a small meningeal branch 

from the ascending pharyngeal artery 

Inferior petrosal sinus, lateral sinus, meningeal branches from the 
occipital and ascending pharyngeal arteries, glossopharyngeal 
nerve, pneumogastric nerve, and spinal accessory nerve 
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Foramen magnum Medulla oblongata and i ts membranes, spinal accessory nerves, 
vertebral arteries, anterior and posterior arteries, and occipi toax ial 
l igaments 

Internal audi tory meatus 
Anterior condyloid foramina 

Facial nerve, auditory nerve and artery 
Cranial nerve X I I  and a meningeal branch from the ascending 

pharyngeal artery 

3. What tumors (malignant and benign) are commonly found in the cranial base? 
Malignant extracranial tumors: squamous c e l l  carc inoma, adenoid cystic carcinoma, rhab-

domyosarcoma, hemangiopericytoma, esthesioneuroblastoma, mal ignant schwannoma 

Malignant intracranial tumors: esthesioneuroblastoma, mal ignant schwannoma 

Malignant primary basicranial tumors: chondrosarcoma, osteogenic sarcoma, metastatic disease 

Benign extracranial tumors: inverted pap i l loma, angiofibroma, sal ivary g land pleomorph i c  

adenoma, paragangl ioma, mucocele,  cholesteatoma 

Benign intracranial tumors: pituitary adenoma, cran iopharyngioma, mening ioma, schwan

noma, oss i fying fibroma 

Benign primary basicranial tumors: fibrous dysplasia, osteoma, osteoblastoma, chordoma, 

congenital dermoid 

4. What are the common clinical findings associated with tumors of the skull base? 
H istory and physical examinat i on provide valuable i n formation about location and extent of a 

tumor. Presenting signs and symptoms may be vague and varied, depending on the type, size, and loca

tion of the tumor in the skul l  base. A skul l  base tumor may even remain s i lent unti l  i t  has grown to a 

compromising size when symptoms then become evident. S igns of benign tumors are usually  due to the 

compression of adjacent t issues, causing in the orbital region, for instance, proptosis, diplopia, epiphora, 

and conj unctiva! exposure. Symptoms of mal ignant tumors, which are invasive, are often headaches, 

focal  seizures,  and loss of cranial nerve function ( i .e . ,  bl indness, anosmia,  d iplopia, ptosis ,  al tered 

facial  sensation and/or animation, al tered speech and/or swallowing, t innitus and/or hearing loss). 

5. How has the development of transfacial approaches to the cranial base enabled skull base 
surgery to be performed more successfully? 

Access to the m i d l i ne skull base has always been d i ffic u l t  because of  the complex anatomy of 

the v i tal  structures. Transfacial approaches, developed over the past  two decades, offer safe avenues 
of skul l-base exposure, often a l lowing s ing le-stage resection, which shortens operating t i me and re

duces morb i d i ty. The s i m u l taneous advancement of medical  technology in n e u rosurgery, radi

ographi c  techniques, anesthesia, and intraoperative and postoperative monitoring has further aided 

i n  the success of  transfacial techniques. (See figures, top of  next page.) 

6. What are the advantages of transfacial approaches? 
I .  Separation of facial  units  with minimal traumatic d isplacement due to the embryonic fusion 

of  the facia l  u n i ts in the m id l ine or in  the paramedian region 

2. Viab i l ity of  displaced facia l  units because the primary blood supply has a lateral-to-medial 

direction of flow 
3. Relative ease of surgical access to the central skul l  base due to the m u lt iple hollow anatomic 

spaces of the midface 
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A ,  Scope of tumor sites in the anterior sku l l  base and c l ivus that can be exposed by transfac ial routes. B ,  

Summation o f  the s i x  different levels o f  approach demonstrating that the anatomic site of the tumor and direction 
of growth determine the level of transfacial exposure. The overlapping exposure shared by these approaches 
allows flex ibi l ity in choosing the best angle of surgical approach. C, The upper three approache (levels I, J I ,  I I I )  
are derived from the supraorbital bar. 0 ,  The lower three approaches provide exposure through t h e  ma i l ia .  
(Reprinted with permission of the Barrow Neurological Institute, Phoenix, AZ.) 

4. Greater tolerance to postoperative swe l l ing with displacement of facial un i ts as opposed to 
simi lar displacement of the contents of the neurocranium 

5. Abil i ty to reconstruct the facial units and maintain functional as wel l  as aesthetic goals 

7. What are the disadvantages of transfacial approaches? 
J .  Contamination of the surgical wound with oropharyngeal bacterial flora 
2. Occasional need for facial incisions and subsequent scar development 
3. Emotional consideration for the patient related to surgical facial disassembly 
4. Potential need for tracheostomy or endotracheal intubation postoperatively 

8. Why is the team approach important in  conducting cranial base surgery? 
A mult idisc ip l inary team approach is essential .  It fac i l i tates concentration of experience and 

promotes good communication and coordination of the treatment plan and projected outcomes. The 
integral special t ies are neurosurgery, head and neck surgery, plastic surgery, and neurotology. 
Specialists in the field of endovascular radiology, radiation oncology, chemotherapy. ophthalmology, 
neurology, and neurorehabil itation also make critical contributions to the skull base team. 

9. What diagnostic tests are most commonly used in the diagnosis of skull base tumors? 
• CT scan with contrast provides information about bony involvement. Displacement of bone 

is general ly seen with benign tumors, whereas malignant lesions show invasion and lysis .  
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• MRI with Tl- and T2-weighted images provides detai ls about soft t issue and extent of tumor 
margins. 

• Angiography provides information about tumor vascu larity and involvement of the carotid 
artery and/or other crit ical vascular structures. 

• Nasoendoscopy provides information about tumor presence in the nasal and paranasal regions. 

10. What is the role of tumor biopsy in diagnosing lesions of the skull base'? 
A direct biopsy is desirable before the final treatment plan is determined for accessible tumors. 

For inaccessible lesions, it is sometimes feasible to use CT-guided fine-needle aspiration to obtain a 
biopsy before surgery. When a specimen cannot be obtained preoperatively, a biopsy with frozen 
section is taken during surgery before fu l l  exposure of the tumor. 

1 1 . How do you prepare a patient for cranial base surgery'? 
1 .  Complete history and physical examination along with informed consent 
2. Cl inical photographs 
3 .  Cephalometric x-rays, dental models, and splint fabrication i f  occlusion wi l l  be interrupted 
4. Routine laboratory tests and type and crossmatch for 4--6 units of blood 
5. Cryoprecipitate, in ant ic ipation of use in fibrin glue 
6. CT scan or MRI on the way to surgery for immune serum globul in wand referencing 
7 .  Prophylactic antibiotics g iven in meningicidal closes 

12. What transfacial surgical approach is used to access tumors of the anterior cranial fossa 
and tumors that extend into the superior orbital region'? 

The transfrontal approach-level 1 is performed through a bicoronal scalp incision. The radix and 
upper orbits are exposed, and the temporal is  muscles are reflected so that a bicoronal craniotomy 
can be clone. The incis ion must be posterior enough to provide an adequate frontogaleal flap. The 
dura is then dissected from the exposed anterior cranial Fossa and cribri form plate. This procedure is  
facil i tated by removal of the supraorbital bar. Watertight reconstruction, maintain ing separation be
tween the nasopharynx and cranial Fossa, is achieved with local flaps, cranial autografts, and fibrin 
glue where indicated. 

A. Level I transfrontal exposure 
for anterior cranial fossa and crib- 1 
r iform lesions. B. Level I expo-
sure requires osteotomy of the 
supraorbital bar. (Reprinted with 
permission of the Barrow Neuro
logical Institute. Phoenix,  AZ.) 

13. What transfacial surgical approach is used to expose the anterior cranial fossa, nasopharynx, 
clivus, orbit, and tumors that grow anteriorly'? 

The transfrontal nasal approach-level I I  is  performed through a bicoronal incis ion. The rad ix, 
nasal bones, and nasal process of the maxi l la are exposed, and the periorbita are stripped by reflect
ing the flap anteriorly. The medial canthal l igaments are taken clown, the upper l ateral cart i lages are 
detached from the nasal bones, and the nasolacrimal ducts are exposed and preserved. A bifrontal 
craniotomy is performed, and clural dissection is completed . The supraorbi tal bar and nasal orbital 
complex are osteotomizecl and removed. After tumor resection, the frontal nasal fragment is  affixed 
in its anatomic posit ion with rigid fixation. The upper lateral cart i l ages are reattached to the nasal 
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bones, and the medial canthal l igaments are repaired by transnasal wiring. Skul l  base reconstruction 
is achieved with local flaps and cranial autografts as needed. 

A ,  Level l l  trans frontal 
nasal exposure for an
terior approach to the an
terior cran ia l  fossa and 
c l ivus .  B, Level II expo
sure requ i res removal of 
the frontonasal unit. (Re
printed with permission of 
the Barrow Neurological 
Institute, Phoenix, AZ.) 

1 4. What transfacial surgical approach is used for resection of large anterior cranial fossa or 
nasopharyngeal lesions and clival lesions with anterior extension? 

The transfrontal nasal-orbital approach-level I I I  i s  done with 
dissection identical  to that used in the level I I  approach. The os
teotomy includes the lateral orbital wal ls from the level of the infraor
bital fissure as part of the supraorbital fragment. Most of the superior 
orbital roof also can be included in the fragment to faci l i tate the lateral 
retraction of the globes and greater midline exposure. 

Level I I I  transfrontal nasal-orbital exposure for larger anterior crania l  fossa, 
nasopharyngeal, and cl ival lesions. This approach is similar to level II, except 
that it provides a wider exposure by al lowing lateral retraction of the globes. 
Level I I I  exposure requ i res inclusion of the lateral orbital walls on the fron
tonasal fragment. ( Reprinted with permission of the Barrow Neurological 
Institute, Phoenix, AZ.) 

15. What transfacial surgical approach is used for wide exposure of the entire midl ine skull 
base region and large nasopharyngeal and clival lesions that extend in all four directions? 

The transnasomaxi J lary approach-level IV is done through a modified Weber-Ferguson inci ion, 
which is directed across the radix and along the opposite subcijjary margin of the lower lid. After exposing 
the skeletal components, a Le Fort II osteotomy is perfom1ed. The osteotomy crosses just medial to the 
i.nfraorbital foramen and nasolacrimal duct where the nasal fragment is divided into two fragments. It 
is done at the nasal process of the maxil la on one side and at the midl ine of the palate. The nasolacrimal 
duct often can be preserved if caution is used not to retract the nasal fragment excessively. The nasal 
soft-tissue complex remains intact and is also retracted with the fragment. (See figure. top of next page.) 

16. What transfacial surgical approach is used for small clival lesions with superior, posterior, 
and inferior extensions and small-to-moderate nasopharyngeal lesions? 

The transmaxi l l ary approach-level V is performed through an intraoral approach in which an 
upper buccal sulcus incision is made. The anterior maxil la is prepared for a Le Fort I osteotomy and 
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A ,  Level IV transnasomaxi l lary exposure yields a wide exposure of the ent i re central skul l  base from the radix to 
the cranial cervical junction. A simi lar degree of exposure usually can be obtained with a combination of level I l l  
and level V exposures. 8 ,  Incisions for the transnasomaxil lary approach. C ,  Level I V  exposure requires a Le Fort 
II osteotomy, then spl itt ing of the maxil lary fragment. ( Reprinted with permission of the Barrow Neurological 
Institute, Phoenix , AZ.) 

if a mid l i ne palatal spl i t  is required the soft palate is incised to one side of the uvula.  The Le Fort I 
osteotomy is then performed and split through the midl ine. The two maxi l lary fragments can then be 
rotated laterally to expose the c l ivus. I f  greater exposure is needed, the pterygoid plates can be in
cluded on the fragments. A watertight reconstruction of the skul l  base i s  performed at c losure. 

leji, Level V transmaxi l lary approach provides exposure of" the c l ivus and nasopharyngeal area. Right, The level 
V approach requires a Le Fort I osteotomy and splitting of the palate for further exposure. (Reprinted with per
mission of the Barrow Neurological Institute, Phoenix, AZ.) 

17. What transfacial surgical approach is used to expose the lower clival and upper cervical 
region for resection of small tumors'? 

The transpalatal technique-level YI is approached through the palate by incising both the nasal 
floor and oral mucosa. An incis ion is also made in the upper buccal sulcus, a l lowing the nasal floor 
to be approached extramucosally. The soft palate is  incised to one side of the uvula and cont inued 
around the alveolar margin .  The mucoperiostial flaps are then elevated, and the bony palate is  os
teotomized. The septum and nasal groove are separated along the nasal floor and cuts are made in  
the lateral nasal wa l l  in to  the antra wi th  an osteotome. The bony palate is  removed, and the soft 
tissue portions are retracted. For further exposure, the vomer and perpendicular plate of the ethmoid 
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are removed with a rongeur. After tumor resection, the bony palate is secured with rigid fixation, and 
the soft t issue is repaired. 

A ,  Level YI transpalatal exposure provides access to the lower c l ivus and upper cervical region. B.  Level VI ex
posure requ ires removal of the hard palate. (Reprinted with permission of the B arrow Neurological Inst itute, 
Phoenix, AZ.) 

18. What are the important aspects of closure and reconstruction of the cranial base? 
• Watertight separation from the nasopharynx with local flaps and cranial autogrnfts 
• Fibrin glue to seal suture l ines 
• Rigid fixation of bone fragments 
• Use of an occlusal splint and preregistered plates when osteotomies involve occlusion 

1 9. What are the options for tlap reconstruction? 
l. Local (see figure below) 

• Pericranial flap: anteriorly based or laterally based on the temporal is muscle. This long flap 
extends the ent ire length of the anterior sku l l  base but is very thin. I t  is  best for the m id l ine 
area. 

• Temporal is muscle: substantial but short muscle flap that usual ly cannot reach past the mid
l ine. It is best for lateral and orbital areas. 

• Frontogaleal flap: last resort for secondary reconstruction. It leaves the forehead skin very 
thin and vulnerable to breakdown and radiation. 

Scalp incisions must be planned and dissected to preserve 
and maximize the use of the pericrania l ,  temporal i s ,  
and frontogaleal flaps. (Reprinted with permission of 
the Barrow Neurological Institute, Phoenix, AZ.) 

2.  Regional: the pectoral is major, latissimus dorsi, and trapezius muscles are useful for l ateral 
skul l  defects (see figure at top of next page) .  

3 .  Distant tlaps: the recrus abdominis free flap i s  versatile for c losure of skul l  base defects. I t  
can b e  used a s  a composite flap with the peritoneum and posterior rectus sheath a s  a vascu larized 
dural graft. The latissimus dorsi and oment:um also have been used to fi l l  dead space and to cover the 
surface of the skul l  and upper face. 
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A ,  The osteotomy around the preserved cribriform plate is sealed with a perforated, laterally based pericrania l  
flap. The cribri form plate i s  dropped through the flap (8)  and wired in place, then sealed with fibrin glue. The 
flap courses through a lateral defect in this level II trans frontal nasal approach. ( Reprinted with permission of the 
Barrow Neurological Institute, Phoenix, AZ.) 

20. What is the postoperative management of a patient who has u ndergone skull base 
surgery? 

1 .  ICU monitoring 
2.  Postoperat ive CT scans or MR ls to evaluate the brain, tumor s i te ,  and presence of any dead 

space and/or intracranial air 
3. Endotracheal intubation unti l adequate resolution of swel l ing to ensure airway protection 
4. Continuation of prophylactic antibiotics 
5 .  Lumbar drain for CSF management 
6 .  Close survei l lance for infection. bleeding, and neurologic and/or medical complications 

21. What complications may occur after skull base surgery? 
Neurologic compl ications Malocclusion 
Systemic complications Palatal fistula 
Wound infection Speech abnormal ities 
CSF leak 

Epiphora 
Bleeding 
Flap or graft fai lure 

22. What improvements in survival rates after skull base surgery have been seen over the past 
four decades? 

In a 1 995 study, O'Mally and Janecka demonstrated an increase in survival rates from 52% and 
49% for 3 and 5 years after surgery ( 1 960s and 1 970s) to 57-59% for 3-year and 49% for 5-year sur
v ival in the 1 970s and 1 980s. A 5-year survival rate of 56-70% has been achieved in the 1 980s and 
1 990s. The advances of sku l l  base surgery over the past 40 years have allowed the decl ine in mortal
ity rates and improved resectabi l i ty of tumors once thought to be inoperable. 
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Mitchell A Stotland ,  M . D . ,  and Henry K .  Kawamoto ,  J r. ,  M . D , D D S .  

1 .  What i s  the Angle classification? 
The universal ly accepted system for describing dental occ lusion was developed by the ortho

dontist Edwmd Angle. The Angle classification regmds the upper first molar as its point of reference 
and describes the anterior-posterior (mesial-distal) relat ionship between the maxi l lary and mandibu
lar arches. 

In class I occlusion (neutroocclusion) the mesiobuccal cusp of the max i l lary first molar articu
lates within the buccal groove of the lower first molar. 

In class II malocclusion the lower arch is in a distal or posterior position relative to the maxil lary 
arch. Thus, the mesiobuccal cusp of the maxil lary first molar articulates with the di tal portion of the 
mandibular second bicuspid and the mesial cusp of the first molar. Class 11 occlusion is  sub-classi
fied into divisions I and 2, in which the anterior teeth are flared labially or palatally, respectively. 

In class III malocclusion the mandibular dentition is positioned mesial ly in relation to the max
i l lary dentition. Thus, the mesiobuccal cusp of the first upper molar intercuspates with the distobuc
cal groove of the lower first molar. 

CLASS I CLASS I I  CLASS I I I  

Angle classification of dental occlusion. (From McCarthy JG, Kawamoto HK Jr ,  Grayson BH, et a l :  Surgery of 
the jaws. In  McCarthy JG (ed): Plastic S urgery. Phi ladelphia, W.B. Saunders, 1 990, p 1 1 93, with permission.) 

2. What do the terms centric occlusion and centric relation mean? 
Centric occlusion refers to a position of maximal, bilateral, balanced contact between the cusps 

of the maxi l lary and mandibular arches. 
Centric relation is the most retruded, unstrained position of the mandibular condyle within the 

temporomandibular joint (TMJ)-i.e . ,  within the glenoid fossa. Ideally, in centric occ lus ion the 
condyle s i ts anatomically within the glenoid bilaterally, reflecting simultaneous centric occlusion 
and centric relation. A number of problems, however, can result in asymmetric, premature dental 
contact upon closure with an unbalanced sl ide into occlusion that distracts the condyle and destroys 
its unstrained posit ion. With prolonged loss of centric relation the distracting forces may lead to 
muscular, soft tissue, and bony pathologic changes in and around the TMJ. In repositioning the max
i l lary and/or d1e mandibular arches, it is critical not to overlook the concept of centric relation while 
focusing primari ly on achiev ing centric occlus ion. When repositioning the jaws, therefore, the or
thognathic surgeon must make certain that the condyle is  properly seated within the TMJ before ini
tiating rigid bony fixat ion. 

1 1 8 
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3. What is meant by overjet and overbite? 
Overjet refers to the horizontal distance from the labial incisal edge of the lower central incisor 

to the labial incisal edge of the upper central incisor when the jaws are in centric occlusion (normal : 
upper incisal edge approximately 2 mm anterior to lower edge). 

Overbite reflects the distance from the incisal edge of the upper central incisor to the incisal 
edge of the lower central incisor in centric occlusion (normal :  upper incisal edge approximately 2 

mm caudal to lower edge). 

4. What do the cephalometric relationships SNA, SNB, and mandibular plane angle signify? 
Cephalometry is a scient i fic measure of the dimensions of the head . Based on a standardized 

technique, a lateral radiogram (cephalogram) is obtained and used for analysis of facial proportions. 
Some of the more commonly used landmarks include: 

Sella (S) :  the center of the pituitary fossa. 
Nasion (N) :  the most anterior point at the nasofrontal junction. 
Point A ( Pt.A ) :  the deepest midpoint on the maxi l lary alveolar process between the anterior 

nasal spine and the alveolar ridge. 
Point B (Pt .B) :  the deepest midpoint on the mandibular alveolar process between the crest of 

the ridge and the most anterior point along the contour of the symphysis (pogonion [Pg ] ) .  
SNA:  the angle that relates the maxi l la to  the cranial base (mean: 82  ± 3°). 
SNB: the angle that relates the mandible to the cranial base (mean : 80 ± 3°). 
The mandibular plane angle relates the posterior facia l  height to the anterior facial height. I t  is 

derived from the angle between the Frankfort horizontal plane and the mandibular plane. The mean 
mandibular plane angle is 2 1  ± 3° and is more obtuse in patients with an anterior-open bite and/or 
micro- or retrognathia. Patients with a deep-bite and/or the short-face syndrome tend to have a more 
acute mandibular plane angle. 

The Frankfort horizontal plane is formed by the l ine joining the point located at the most su
perior extent of the external auditory meatus (Porion [ Po])  with the lowest point on the inferior bony 
border of the left orbital cavity (Orbitale [O J ) .  

The mandibular plane is formed by  the l i ne  joining the most inferoposterior point a t  the 
mandibular angle (gonion [ Go ] )  with the lowest point on the contour of the mandibular symphysis 
(menton [ Me]) . 

Cephalometric relationships. (Leji. from Ferraro JW: Cephalometry and cephalometric analysis. In Ferraro JW 
(eel ) :  Fundamentals of Maxi l lofacial Surgery. ew York, Springer Verlag, 1 997, p 236; Righi, from McCarthy JG, 
Kawamoto H K  Jr. Grayson BH, et al :  Surgery of the jaws. In  McCarthy JG (eel) :  Plastic Surgery. Philadelphia. 
W. B .  Saunders, 1 990, p 1 1 96, with permission.) 

5. What is the normal amount of incisor show with the lips in repose and during smil ing? 
With the l ips in repose 2-3 mm of upper central incisor exposure is considered attractive. Up to 

4--6 mm of show may be attractive in women as long as mental is strain (man i fested by chin dimpl ing) 
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is not needed to achieve l ip  competence. With smil ing, the ful l  length of the upper incisors ideally 
should be vis ible wi th l ittle or no evidence of gum exposure. 

6. Describe the classic vertical proportions of the face in profile. 
The proportions derived from the so-called classic canons are used only as a point of reference. 

Variation is  the norm. What is  considered "ideal" proportion has changed somewhat over the cen
turies and certainly differs with race and cul ture. It is often useful to evaluate the face in terms of 
vertically equal thirds. The hairline (trichion) to supraorbital rims represents the upper third; supraor
bital rim to subnasale is the middle third; and subnasale to menton is the lower third. The lower third 
is often further subdivided: subnasale to stomion represents the upper third and stomion to menton the 
lower two-thirds of the facial lower third .  The upper lip in profi le usually sits at the level of the lower 
l ip  or s l ightly anterior. The labiomental groove is approximately 4 mm deep in women and 6 mm 
deep in men. Changes in l ip position, labiomental groove depth, and vertical dimension of the facial 
thirds can be key indicators of facial disproportion that may be corrected by orthognathic surgery. 
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Profile line 

Vertical proport ions of the face in pro
fi le. (From Guyuron B, Cohen SR :  
Fac ial  evaluat ion for orthognathic 
surgery. Jn  Ferraro J W  (ed ) :  Funda
mentals or Max i l l ofacial Surgery. ew 
York, Springer Verlag. 1 997, p 227. with 
permission . )  

7. What i s  the  value of  a surgical splint in an  orthognathic procedure? How are splints made? 
Precise control of three-dimensional movements is necessary for surgically reposit ioning tooth

bearing segments of bone. This principle is critical in the achievement of a balanced. table, and aes
thetically pleasing bimaxi l lary relationship. However, after mobi l izing an osteotomy segment, exact 
control of three-dimensionality can be difficult . Surgical spl ints are used to guide the movements of 
the osteotomized segments before performing rigid fixation. Preoperatively one obtains dental im
pressions of both jaws .  From these impressions stone models of the upper and lower dental arches 
are prepared. It is  also necessary to acquire an occlusal registration from the patient (e .g .. a wax 
bite). The models are then mounted together in  their occlusal relationship onto an articulator. Based 
on a cephalometric and facial profile evaluation, the exact movements required at surgery are deter
mined and perfo1111ed on the stone models in a mock procedure. Then, with the model arches resting 
together in their final position of maximal intercuspation, a thin wafer of acryl ic  is  al lowed to harden 
along the occlusal surfaces. This represents the guiding spl int that is used at the t ime of surgery to 
help determine bony repositioning. 

8. What is the rationale behind orthodontic preparation prior to orthognathic surgery? 
The objective of presurgical orthodontics is to align the teeth properly over basal bone ( i .e . ,  max

i l la and mandible) and to coordinate the two arches so that they fit together ideally at the time of sur
gical mobilization. Dental models a.re serially obtained during the period of orthodontia to deter111 ine 
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precisely the dental movements that wil l  result in a stable, class I occlusal relationship after surgery. 
I n  many patients dental compensations develop in response to long-standing skeletal clefo1mity (eg., 
flared lower incisors in class I I  cases, retroclined lower incisors in class I l l  cases). Such compensa
tions usually need to be corrected preoperat ively to allow maximal postoperative dental intercuspa
tion. This orthodontic correction results in a temporary, preoperative worsening of the deformity but 
ult imately leads to a more stable postoperative outcome. 

9. What are the most common osteotomies used to perform mandibular repositioning? 
( I )  Vert ical and obl ique ram us osteotomy, ( 2 )  inverted L osteotomy, and (3 )  sagitta1-spl i t  os

teotomy. All three techniques can be used to perform a mandibular set-back procedure for the treat
ment of mandibular prognathism. The sagittal-split osteotomy is general ly  the procedure of choice 
for mandibular advancement in the treatment of micrognathia. 

10. Classify chin deformities. 
A chin deformity may exist independently of an overall maxi l lary or mandibular deformity. A 

patient exhibit ing class l occlusion and otherwise pleasing facial proportions may suffer aestheti
cally from an abnormal ly proportioned chin .  Osseous genioplasties, therefore, may be performed 
alone or in conjunction with orthognathic procedures to improve facial harmony. A useful classifica
tion breaks clown chin deformities into seven categories. Appreciation of the exact nature of the chin 
deformity helps to determine the specific method of skeletal or soft t issue correction required. 

I .  Macrogenia: horizontal, vertical, or combination bony excess. 
2 .  Microgenia: horizontal, vertical, or combination bony deficiency. 
3. Combined micro- and macrogenia: combination deformity; excess and deficiency in d if-

ferent planes. 
4. Asymmetric chin. 
5 .  Pseudomacrogenia: normal bony volume with excessive soft tissue. 
6. Pseudomicrogenia: normal bony volume with retrogenia secondary to excessive maxi l lary 

growth and associated mandibular clockwise autorotation. 
7 .  Witch's chin deformity: secondary to a soft tissue ptosis .  

1 1 . What is the long face syndrome? Suggest a basic surgical approach. 
This appearance is associated with vertical maxi l lary excess. Physical findings ma include ex

cessive lower-third facial height , narrowed alar base, obtuse nasolabial angle, anterior-open bite with 
associated mental is  strain or lip incompetence, excessive gingival show and upper incisor display in 
repose and with smi l ing, and retrognathia associated with a backward autorotation of the mandible 
(c lockwise rotation and obtuse mandibular plane angle,  as seen on the lateral cephalogram). After 
prior orthodontic preparation, surgical treatment typically includes a Le Fort I osteotomy with max
i l lary impaction. A basel ine class II malocclusion may not be corrected by a combination of maxil
lary impaction and mandibular autorotation. Correction of occ lusion i s  achieved e ither by 
incorporat ing a posterior movement of the maxi l la  or by adding a mandibular advancement to the 
max i l lary impaction. If a true microgenia exists ( i .e . ,  separate from the retrogenia caused by back
ward mandibular rotation), an osseous genioplasty may be aclclecl to achieve desired facial harmony. 
Decisions are based on an overal l  assessment of the patient's facial profile and balance. 

12. What is the short face syndrome'? Suggest a basic surgical approach. 
This appearance is associated with vertical maxi l lary deficiency. Physical findings may include 

decreased lower-third facial height, lack of incisor show with an eclentulous appearance, widened 
alar bases, acute nasolabial angle, deep bite with excessively protruding chin, and an acute mandibu
lar plane angle. Surgical treatment includes a Le Fort I osteotomy with down-fracture. The proce
dure often necessitates an interposit ion bone graft to enhance stabil ity and to prevent relapse. Often 
a horizontal maxi l lary advancement is also needed. A downward and/or backward movement of the 
chin is frequently required to address residual lower-third facial deficiency or chin protrusion. 

13. Describe the vascular supply of the mobilized Le Fort I maxillary segment. 
( I )  The descending palatine artery (which div ides into greater and lesser palatine vessels) ,  (2 )  

posterior superior alveolar artery, (3 )  infraorbital artery, (4 )  ascending palatine branch of the  facial 
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artery, which arises directly from the external carotid artery, and (5) palatine branch of the ascending 
pharyngeal artery, a branch of the external carotid artery. Note: The descending palatine, posterior 
superior alveolar, and infraorbital arteries arise from the internal maxi llary artery. 

The posterior superior alveolar and infraorbital arteries perfuse the maxi l lary buccal alveolus, 
periodontium, and teeth. The other vessels l isted above, which provide palatal contribution, supply 
the majority of blood to the mobi l ized Le Fort I maxil lary segment. In fact, anatomic studies indicate 
that the descending palatine artery is commonly sacrificed during Le Fort I pterygopalatine disjunc
tion. As as result ,  the major vascular supply of the mobil ized Le Fort segment relies on the ascending 
palatine branch of the facial  artery and the palatine branch of the ascending pharygeal artery. 

14. What are the risks of nerve injury during orthognathic surgery? 
1 .  Sagittal split mandibular osteotomy 

• Neurosensory disturbance of the inferior alveolar nerve occurs in the vast majority of cases 
immediately after sagittal split osteotomy. However, long-term deficits (not all of which are 
symptomatic) occur in I 0-1 5 %  of patients under 40 years of age. 

• Lingual nerve sensory disturbances are not common. Immediate postoperative tongue 
paresthesia secondary to l ingual nerve injury probably occurs in less than I 0% of patients. 
Long-tenn deficit occurs in < I %. 

• Facial paralysis or paresis secondary to facial nerve injury is extremely rare and is typically 
a ·sociated with mandibular set-back procedures. Facial nerve disturbances associated with 
sagittal split osteotomies have resolved spontaneously in all reported cases. 

2. Vertical ramus mandibular osteotomy involves an extremely low incidence of injury to 
ei ther the inferior alveolar or l ingual nerves. With an intraoral approach to this procedure, facial 
nerve injury is  also uncommon. 

3. Genioplasty: Long-term dysfunction of the d istal inferior alveolar nerve (menta l  nerve) 
should occur in < 5% of cases. 

4. Le Fort I osteotomy 
• Temporary sensory d is turbance result ing from traction injury to the infraorbital nerve 

and to the greater palatine neurovascular bundle i s  common immediately after Le Fort I 
o teotomy. Fortunately, these changes almost always resolve spontaneously over the ensu
ing weeks or months. 

• During down-fracture of the maxi l lary segment the nasopalatine nerve is  necessarily sev
ered. This results in a sensory loss to the region of the premaxillary palatal mucosa that is 
typically self-limited or nonsymptomatic. 

1 5. What is the normal range of vertical mandibular opening in adults? Describe the normal 
motion of the TMJ. 

The average interincisal opening is 40-50 mm. The first 20-25 mm of  opening i s  provided for 
by a h inge action of the TMJ. The remaining 1 5-20 mm of opening occurs through an anteroinfe
rior translation of the condyle along the articular eminence. Vertical mandibular opening of I 0-24 
mm is severely l imiting. An opening of 25-35 mm is functional but not ideal. Excessive mandibu
lar opening may be associated with laxity of the TMJ capsule and may result in joint ubluxation or 
dis location. 

CONTROVERS I ES 

1 6. Does orthognathic surgery improve TMJ symptoms? 
The relationship between TMJ dysfunction and malocclusion has been a subject of long-stand

ing debate. Some patients wi th skeletal malocclusion habitual ly assume a convenient bite, sl iding 
the mandible out of  a centric relation position to approximate more closely a neutral c lass [ dental 
rel at ionship.  With time, the associated strain on the TMJ may lead to symptomatic pathologic 
changes. By attempting to achieve a simu ltaneous correction of both skeletal and dental occl usion 
( i .e . ,  combining centric relation with centric occlusion), orthognathic surgery may relieve some of 
the abnormal forces applied to the joint .  Overall ,  however, a lthough i t  may prove beneficial i n  any 
given case, c l inical  reports are confl ict ing and do not suggest that orthognathic surgery re l iably 
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leads to an improvement in TMJ symptoms, probably because of the complex nature of TMJ dis
ease in general . 

17. What is progressive condylar resorption? What is its cause? How is it treated? 
Condylar resorption occurs in adults and results in progressive retrusion of the mandible (high

angle mandibular deficiency) .  Progressive condylar resorption (PCR) occurs mainly in young fe
males. The mu lt iple theories about its cause include condylar avascular necrosis,  increased TMJ 
estrogen responsiveness, and joint loading. Although some consider PCR to be a one-time event 
without recurrence, c l in ical reports have demonstrated mult iple episodes of  condy lar resorption 
separated by intervals of  qu iescence. In respect to orthognathic surgery, TMJ loading after 
mandibular advancement may lead to postoperative PCR and c l inical relapse. Opinion differs as to 
the treatment of PCR after orthognathic surgery. The appl ication of maxil lomandibular fixation is  
advocated by some to rest the condyles before al lowing them to adapt gradual ly to the increased 
stress fol lowing mandibular advancement. Others believe that early and active TMJ function is  in
dicated to promote optimal pericondylar blood flow and nutri t ion. Reoperat ion for rel apse sec
ondary to PCR has been disappointing with evidence of renewed flare-ups of condylar resorption 
leading to further c l in ical relapse. 
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2 3 .  DENTAL BAS ICS 

Cynthia L .  Rosenberg, D .D .S . ,  M . S . D .  

1 .  How are teeth identified? 
The most common notation system for pennanent teeth is  the Universal system. The maxi l lary 

teeth are numbered 1 - 1 6, start ing with the upper right th ird molar (no.  I )  and proceeding to the 
upper left third molar (no. 1 6) .  The mandibular teeth are numbered 1 7-32 ,  starting with the lower 
left third molar (no. 1 7 )  and preceding to the lower right th ird molar (no. 32) .  Thus, the maxi l lary 
left central incisor is no. 9. 

Right I 2 3 4 5 6 7 8 I 9 1 0  1 1  1 2  1 3  14 1 5  1 6  Left 
32 3 1  30 29 28 27 26 25 I 24 23 22 2 1  20 1 9  1 8  1 7  

The 20 deciduous or primary teeth are noted in the same manner, using letters A-T. The upper 
right second primary molar is  A, and, proceeding around the arches, the lower right second primary 
molar is T. 

Right A B C D E I F G H I J  
T S  R Q P I O N M L K  

Left 

The Palmer notation system, used mostly by American orthodontists, numbers the teeth l -8 i n  
each quadrant, starting with the central incisor (no. I )  and proceeding to  the third molar (no. 8) .  The 
qua<irant is indicated by a bracket around the number. Thus, the maxil lary left central incisor is  11 .  
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Right 
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8 7 6 5 4 3 2 1 1 1 2 3 4 5 6 7 8  
8 7 6 5 4 3 2 1 1 1 2 3 4 5 6 7 8  

Left 

A two-digit system inu·oduced in 1 970 by the Federation Dentaire Internationale (FDI)  has been 
adopted by the International S tandards Organization ( ISO). The ISO/FDI system identifies each of 
the 32 permanent teeth w ith a two-digit number. The first digit identifies the quadrant ( 1 -4),  and the 
second digit identifies the tooth type ( 1-8) .  Thus, the maxi l lary left central incisor is  2 1  (pronounced 
"two-one"). 

R ight 1 8  1 7  1 6  1 5 14 1 3  12 I I  I 2 1  22 23 24 25 26 27 28 Left 
48 47 46 45 44 43 42 4 1  I 3 1 32 33 34 35 36 37 38  

The 20  deciduous or  primary teeth are represented in similar fashion: quadrant (5-8) and tooth 
type ( l -5) .  Thus, the primary maxil lary left central incisor is 6 1  (pronounced '·six-one") . 

Ri o-h t  55 54 53 52 5 1 I 61 62 63 64 65 Left "' 
85 84 83 82 8 1  I 7 1  72 73 74 75 

2. How are the surfaces of the teeth described? 
The surfaces of the teeth that face the central incisors (toward the midl ine) are the mesial sur

faces. Those that face away from the midl ine (toward the mandibular condyles) are the distal sur
faces. The labial and buccal surfaces of teeth indicate areas that face either the lip or the cheek, 
respectively. 

3. What is the Angle classification? 
The Angle classification of malocclusion, developed in 1 890 by Edward Angle, is  based on the 

position of the upper first molar. In class I occlusion, the mesiobuccal cusp of the maxillary first molar 
occludes in the mesiobucca.1 groove of the mandibular first molar, producing a nonnal anteroposterior 
relationship. In class II malocclusion, the lower first molar is distal to the upper first molar, usually 
one-ha.If to one full cusp distance. Angle divided class I I  malocclusion into two di vi ions. In clas II , 
division I, the upper anterior teeth are flared forward. In class I I ,  division 2,  the anterior teeth of both 
the maxi l la and mandible are retruded with a deep overbite. In class H J  malocclusion, the lower first 
molar is mesial to the upper first molar, usually one-half to one ful l  cusp distance. The lower incisors 
may be edge to edge or labial to the upper incisors, producing an anterior crossbite or underbite. Angle's 
classification of malocclusion provides a description only of the anteroposterior tooth relationship. 

c 

Angle c lassification of occlusion. A ,  Class I, normal occlusion.  B .  

Class I I  malocclusion. C. Class I l l  malocclusion.  (From Manson P :  
Facial fractures. In  Aston SJ, Beasley RW, Thorne C H M  (eels): Grabb 
and Smi th 's Plastic Surgery. 5th eel. Lippi ncoll-Raven. Phi ladelphia.  
1 997, p 386, with permission.) 

4. Describe the anatomy of a tooth. 
A tooth consists of a crown, the portion one sees in the oral cavity, and a root, which is attached 

to the bony wal ls of the alveolar socket by periodontal membrane fibers. The crown is covered by 
enamel, and the root is covered by cementum. Their junction is called the cervical l ine. Beneath the 
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enamel and cementum is the dentin, which makes up the bulk of the tooth. In the center of the crown 
is the pu lp  chamber, which cont inues as the pu lp canal in the root. The pu lp  t issue furn ishes the 
nerve and blood supply to the tooth through the apical forarnen. 

Anatomy of the normal tooth. (From Manson P: 
Facial fractures. In Aston SJ, Beasely RW. Thorne 
CHM (eds): Grabb and Smith's Plastic Surgery, 5th 
eel. Phi ladelphia,  Lippincoll-Raven, 1 997, p 387, 
with permission.) 

5. What are the names of the teeth'? 

Crown 

Neck 

Root 

,.,,..,..---- l 'u lr 
l'Tc---C111�1v.1 
mr;;.---OJontohlasc layer 

:.;.;.:.---cement 
-TT-T----Granular layer 

M-�.--- Peridontal l igament 

The 32 permanent teeth are divided into 4 quadrants. Starting at the midl ine, each quadrant has 
a central incisor, lateral incisor, canine (cuspid), first premolar (bicuspid), second premolar (bicus
pid), and first, second, and third molars. The 20 deciduous or primary teeth are divided into 4 quad
rants. Starting at the midl ine, each quadrant has a central incisor, lateral incisor, canine, first molar 
and second molar. 

Normal adult dental arches contain 32 teeth, 1 6  in each arch. There are 3 molars, 
2 bicupsicls, I cuspid, and 2 i nc isors on each half of both maxi l lary and 
mandibular dental arches. ( From Manson P: Fac ial fractures. In Aston SJ,  
Beasley RW, Thorne CHM (eels): Grabb and Smith's Plastic Surgery. 5th ed.  
Lippincoll-Raven, Philadelphia, 1 997, p 386,  with permission.) 

6. What is the nerve supply to the teeth? 
The only nerve supply to the mandibular teeth is the inferior alveolar branch of the mandibular 

division of the trigeminal nerve. The maxi l lary teeth are suppl ied by the max i l lary div is ion of the 
trigeminal nerve, which div ides into the posterior superior alveolar branch from the pterygopalatine 
portion and the middle and anterior superior alveolar branches from the infraorbital nerve. The three 
superior alveolar branches form a plexus that directly suppl ies the maxil lary teeth. 
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7. What are natal and neonatal teeth? 
Natal teeth are found in the oral cavity at birth. Neonatal teeth erupt during the first month of 

l i fe .  They are most common in the mandibular anterior region and are usually sheUs of enamel with
out roots. Neonatal teeth are commonly seen in cleft palates, often in eruption cysts. 

8. What is a supernumerary tooth? 
A supernumerary tooth is an extra tooth in excess of normal denti t ion. I t  is more common in 

permanent dentit ion, occurs more often in males, and may or may not erupt .  They are most fre
quently found in the maxilla. Multiple supernumerary teeth are seen in a number of syndromes such 
as cleidocranial dysplasia and accompanying cleft l ip and palate. A supernumerary tooth located be
tween the maxil lary central incisors is  called a mesiodens. 

9. What is the most common congenitally missing tooth? 
The most common missing tooth is  the thiJd molar, followed by the mandibular second premo

lar, maxil lary lateral incisor, and maxil lary second premolar. Agenesis of numerous teeth (ol igodon
tia) or fai lure of all of the teeth to develop (anodontia) is often associated with ectodennal dysplasia 
and oral-facial-digital syndrome. 

10. What is the difference between overbite, overjet, and anterior openbite? 
Overbite is the amount of vert ical overlap measured between 

the upper and lower incisal edges when the teeth are in occlusion. 
Overjet is  the horizontal overlap measured from the labial surface 
of the lower incisor to the labial surface of the upper incisor, paral lel 
to the occlusal p lane, when the teeth are in occlusion.  Anterior 
open bite is  a negative overbi te in which the upper and lower in
cisors do not make contact. 

Relationship of the incisal edges. Overbite i s  the vertical overlap and overjel 
the horizontal overlap of the incisal edges. (From McCarthy JG, Kawamoto 
HK,  Grayson BH,  el al: Surgery of the jaws. In McCarthy JG (ed): Plastic 
Surgery. Philadelphia, W.B .  Saunders, 1 990, p 1 1 94, with permission.) 

1 1 .  What is a crossbite? 

Overbite 

A crossbite is  an abnonnality in the buccolingual relationships of the teeth. In neutral occlusion, 
the buccal cusps of the upper teeth overlap those of the lower teeth. A buccal crossbite results from 
t i l t ing of the maxil lary teeth toward the cheek. A lingual crossbite resul ts from l ingual displacement 
(toward the tongue) of the upper teeth in relation to the lower teeth. The buccal cusps of the upper 
teeth no longer overlap those of the lower teeth. 

A B 

L INGUAL 
CROSSBITE' 

c 

Buccolingual relationship of the teeth. A, Buccal crossbite. B, Neutral (centric) occlusion. C, Lingual crossbite. 
(From McCarthy JG, Kawamoto HK, Grayson BH, el al: Surgery of the jaws. In McCarthy JG (ed): Plastic Surgery. 
Philadelphia, W.B. Saunders, 1 990, p 1 1 94, with permission.) 
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1 2. What is the occlusal plane? 
When teeth erupt to meet each other, they form the occlusal plane. The anteroposterior curve of 

the occlusal plane is  called the curve of Spee. An occlusal curve also exists in the transverse plane, 
called the curve of Wilson. The teeth are not positioned straight up and down in the mouth but align 
along a spherical, three-dimensional curve. 

13. What is the difference between centric relation and centric occlusion? 
Centric relation is  a position detem1ined by maximal contraction of the muscles of the jaw. It is 

considered a stable, reproducible posit ion that relates bone to bone through the temporomandibular 
joint. It does not depend on interdigitation of the teeth. Centric occlusion is a position determined 
by the way the teeth fit  best together with the greatest amount of interdigitation. I t  is related to tooth 
occlusion and not muscle or bone. Wear facets or abraded surfaces of teeth are a function of centric 
occlusion. 

14. What are the most common traumatic injuries to teeth? 
Traumatic injuries to teeth include fractures, subluxation, and avuls ion. Tooth fractures are the 

most common injury to permanent teeth and may involve the enamel, dentin ,  pulp,  and/or root . 
Fracture involv ing the pulp requires endodontic treatment. Treatment of a root fracture depends on 
its location. The prognosis for repair and maintenance of tooth vital ity is most favorable i f  the frac
ture is in the apical third of the root. Subluxation is either intrusion or extrusion. An intruded pri
mary tooth w i l l  erupt on i ts own. An intruded permanent tooth requires orthodontic treatment to 
reposition. I f  a primary tooth is  extruded, i t  should be removed. An extruded pennanent tooth should 
be repositioned in  the socket with gentle pressure and splinted for 3-4 weeks. The critical factor for 
successful reimplantation of an avulsed tooth is the physiologic status of the periodontal l igament 
cel ls  on the root surface and not the length of extraoral time. 

15. When do teeth erupt? 
The primary teeth begin to erupt at approximately age 6 months in the fol lowing order: 
• Central incisors, 6-7mo • Canines, 1 6- 1 8  mo 
• Lateral incisors, 7-9 mo • Second primary molars, 20-24 mo 
• First primary molars, 1 2- 1 4  mo 
Roughly four teeth erupt every 4 months in the primary dentition. The eruption sequences of the 

maxillary and mandibular teeth are approximately the same. 
The mandibular permanent teeth tend to erupt before the maxil lary permanent teeth. The first 

permanent tooth to erupt is  the first molar at approximately age 6 years. It erupts distal to the pri
mary second molar. The remaining permanent teeth erupt in the fol lowing order: 

• Mandibular central incisors, 6 yr • Mandibular canines, 10 yr 
• Mandibul ar lateral incisors, 7 yr • Second premolars, 1 1  yr 
• Maxi l lary central incisors, 7 yr • Maxi l lary ca.nines, 1 1  yr 
• Maxi l lary lateral incisors, 8 yr • Second molars, 1 2  yr 
• First premolars, 1 0  yr • Thi.rd molars, 1 7  yr 
The permanent incisors, canines, and premolars are called succedaneous teeth because they re

place (succeed) the primary teeth. 

16. What is a mamelon? 
A mamelon is a rounded protuberance found on the incisal edges of newly erupted incisor teeth. 

Each tooth has three marnelons. They are soon worn down through nomial attrition. Mamelons wi l l  
remain i f  the teeth are malal igned and there is no opposing incisal contact, as  in an openbite. 

17. Describe the embryology of teeth. 
As early as 28 days in utero, odontogenic epithel ium is recognized on the mandibular and max

i l l ary processes. This t issue pro l i ferates and forms the dental laminae from which tooth buds de
velop. Each tooth goes through a series of stages as cells d ifferentiate and prol iferate. Odontoblasts 
give rise to dentin, a process called dentinogenesis, and ameloblasts form enamel, a process called 
amelogenesis. As enamel and dentin are deposited, the crown is formed from the cusp tips to the cer
v ical region. After enamel formation is  nearly completed, root development begins. 
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A knowledge of tooth embryology is helpful in understanding oral pathology. Ameloblastoma, 
for example, is  an aggressive odontogenic tumor that is  thought to fonn from ameloblasts that do not 
d ifferentiate to the stage of enamel formation. 

18. What is the process of dental decay? 
The earl iest c l in ical ly recognizable stage of dental decay is a white-spot lesion, which resu l ts 

from oral bacteria that proliferate in the presence of fermentable carbohydrates and form acids that 
cause tooth demineralization. At  this point the surface of enamel is  still intact, and the lesion i s  re
versible. Once the decay process goes through the enamel and reaches the dentin, it spreads laterally 
and quickly inflames the pulp tissue. Pulp tissue is not capable of heal ing. Severe pain is  usual ly pre
sent by this time, and a periapica\ abscess may form in the surrounding bone. Dental decay may be 
d ifficu l t  to see c l in ical ly. Dental radiographs show a decayed area of a tooth as more radiolucent 
than the unaffected area. 

1 9. What are the muscles of mastication? 
The masticatory muscles concerned with mandibular movement include the masseter, medial 

pterygoid, lateral pterygoid, and temporal is  muscles. These muscles are paired. 

20. How do the muscles of mastication move the mandible? 
The lateral pterygoid is  divided into two heads. The superior head is active during jaw-closing 

movement; the inferior head i s  active during jaw-opening and protrusion movement. The masseter 
muscle is  the most powerful muscle of mastication; i t  elevates the mandible and assists in protrusion. 
The medial pterygoid muscle, l ike the masseter, elevates the mandible and is active during protru
sion. It also helps in lateral positioning of the jaw. The temporal is muscle is divided into two parts. I t  
is  the principal positioner of the mandible during closing. The posterior part retrudes the mandible; 
the anterior part is  active in clenching. 

2 1 .  What are the average measurements of mandibular movement in  an adult? 
The maximal mandibular opening is 50-60 mm as measured from the incisal edges of the ante

rior teeth. A person should be able to open the equivalent width of three fingers. The maximal lateral 
movement is  1 0-12  mm, approximately the width of the maxi l l ary central incisor. The maximal pro
trusive range is 8- 1 l mm. The retrusive range is 1 -3 mm. Retrusive movement is  the discrepancy 
between centric occlusion and centric relation. Age, size, and skeletal morphology of the individual 
must be taken into consideration in evaluating these measurements. 
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2 4 .  ASSESSMENT A N D  MANAG E M E NT 

O F  FACIAL I N J U RI ES 

Pau l  N .  Manson ,  M . D .  

1 .  What are life-threatening facial injuries? 
1 .  Hemorrhage: Occasionally, profuse hemorrhage results from maxi l lofacial injuries.  Such 

injuries are ei ther upper Le Fort fractures or nasal ethmoidal fractures in which nasal and s inus wal l  
vessels are transected. Usually, hemorrhage is controlled by anterior-posterior nasal packing. A pos
terior nasal pack acts as an obturator against which the anterior packjng can be placed. Fai lure to 
control bleeding should prompt re-packjng. I n  the case of Le Fort fractures, placement of the patient 
i n  intermaxil lary fixation often dramatically l imits blood loss. If these measures are not successful ,  
hemorrhage may be occurring from the cranial base, where lacerations of the carotid or jugular sys
tems are possible with skull base fractures. Angiography should be performed, and embolization of 
appropriate bleeding areas may be attempted. I f  these measures fai l ,  l igation of the external carotid 
and superficial temporal arteries w i l l  l imi t  blood flow in the common area of max i l lofacial  artery 
transection (generally the internal maxi l lary artery and nasal and sinus branches) by up to 90%. 

2.  Airway: Airway obstruction is  seen with fractures of the nose or upper and lower jaws or with 
swelling in the floor of the mouth. Either jaw may displace posteriorly to partially obstruct the pharynx. 

3. Aspiration:  Aspiration occurs when patients are unable to manage their airway. Fractures of 
the upper and lower jaw commonly permit aspiration. Neck swel l ing, pharynx and tongue swel l ing 
and obrundation, and floor of mouth swell ing disturb swallowing mecharusms. 

2. The presence of fat in  a periorbital laceration should mandate what examination? 
It impl ies the possib i l ity of a globe-penetrating injury, and the globe should be careful ly  exam

ined, both external ly and fundoscopical ly, for the presence of a lacerat ion. As a base l ine,  v i sua l  
acui ty should be recorded i n  every patient with a facia l  injury, as  should the presence of double 
vision.  I n  comatose patients, the pupil l ary reaction is noted. 

3. The presence of a Marcus Gunn pupil implies what cranial nerve injury? 
Injury to the optic nerve, if part ia l ,  may present as a Marcus Gunn pupi l .  The M arcus Gunn 

pupi l  impl ies a paradoxical pupi J lary di latation when a l ight is swung between the intact and injured 
eyes. Normally, the l ight causes constriction on the side of the injured· and normal eyes eye as i t  is 
swung back and forth between the opposite eye and the eye in question. When the optic nerve is  in
jured, paradoxical di latation rather than alternating constriction occurs. Tills finding implies a partial 
lesion of the optic nerve. Optic nerve lesions are first detected by a change in d1e rapidity of the re
sponse of the pup i l  to l ight.  Thereafter, v isual acui ty defic i ts  occur, including the Marcus Gunn 
pupil Any diminished v ision should prompt treatment for an optic nerve injury and/or evaluation of 
the cause, such as retinal detachment, hyphema, or other intraocular problem. 

4. The presence of nasal bleeding implies fracture of what craniofacial structure? 
Nasal b leeding is a nonspecific event that accompanies many craniofacia l  fractures. Fronto

basalar fractures present as nasal bleeding, as do fractures of the frontal sinus. Medial orbital frac
tures commonly produce ipsilateral epistaxis, as do fractures of the inferior orbit (floor) and zygoma. 
B il ateral epistaxis is  seen in b i lateral midface fractures, such as those of the Le Fort type, the naso
ethmoidal region, and the nose. 

5. Numbness in  the infraorbital division of the trigeminal nerve is consistent with what fracture? 
It is  consistent with a fracture of the floor of the orbit or the zygoma. The absence of numbness 

should p lace the diagnosis of  these fractures in question. The presence of numbness in an orbital 
floor fracture is  not a prognostic sign that implies the necessity for operative intervention. Numbness 
fol lowing a zygoma fracture, when the zygoma fracture is  medial ly impacted into the nerve canal ,  
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affects the prognosis of sensory recovery if the fracture displacement is not corrected. Decompression 
of the infraorbital foramen by fracture reduction is indicated. The infraorbital nerve travels from the 
posterior margin of the inferior orbital fissure anteriorly and medially across the floor of the orbit. I n  
the proximal 2/3 of  the orbit the nerve is in a groove; i n  the distal third it is in a canal. The canal exits the 
maxi l la about 1 O mm below the infraorbital rim paral lel to the lateral margin of the cornea in straight
forward gaze. A branch of the nerve travels in the anterior wall of the maxi l la  to reach the anterior 
incisor and cuspid teeth. Other branches enter the soft tissue to innervate the upper lip, ipsilateral nose, 
and skin of the medial cheek. Numbness in either of these areas implies damage to the nerve from 
crushing within fracture sites. Symptoms may be partial or total in each set of branches. Therefore, 
numbness of the teeth and l ip  impl ies that the fracture affects one or more branches of the nerve. 

6. The presence of cyanosis, drooling, and hoarseness implies damage to what structures and 
the necessity for operative intervention in what area? 

Such symptoms indicate impending complete respiratory obstruction. Fractures of the upper 
and lower jaws, fracture of the l arynx, or swel l ing in the floor of the mouth produce respiratory ob
struction. If possible, a tracheostomy should be performed under operative conditions that permi t  
careful identification of the trachea. A tracheostomy should be performed through a horizontal inci
sion in the skin and a vertical incis ion between the strap muscles, dissecting down to the trachea. A 
vertical incision is made into the second and third tracheal rings and a tube can be inserted. In urgent 
s ituations, a cricothyroidotomy may be performed between the cricoid and the hyoid cart i l ages. 
Cricothyroidotomy is meant to be a rapid, l ife-saving maneuver and should be converted to a tra
cheostomy as soon as possible. 

7. Cervical spine fractures accompany what maxillofacial injury? 
Cervical spine fractures commonly accompany maxil lofacial soft t issue or bony injuries, and 

are frequently  seen in frontal impact and mandibular fractures. An association with mandibular frac
tures has been both confirmed and denied in separate studies. Several studies have shown a sl ight as
sociation of mandibular fractures with upper cervical spine fractures. Generally the upper and lower 
cervical areas are the most difficult to image radiologically and i f  they cannot be cleared, the patient 
must be treated as i f  he or she has a cervical spine fracture until the injury is  excluded. The presence 
of a cervical spine fracture may dictate that standard approaches to facial injuries must be converted 
to alternative approaches that do not require rotation or extension of the neck. 

8. Which maxillofacial fractures are more difficult to localize in CT scans? 
The presence of a nondisplaced fracture (classical ly  of the ramus of the mandible) is  one of the 

most di fficult to identify in CT scans. Axial and coronal imaging is preferred with appropriate bone 
windows.  Soft t i ssue windows often miss nondisplaced maxi l lofacial fractures; proper imaging, 
proper s l ice thickness, and combining physical examination findings with CT scan data help to pre
vent "missed" injuries. 

9. The Panorex exam of the mandible is likely to miss fractures in  what mandibular region? 
The Panorex radiograph genera l ly  requires patient cooperation and is a flat v iew taken by a 

movable x-ray beam that displays the entire mandible as a flat structure. Some overlap and blurring 
is usual ly seen in the symphysis-parasymphysis region; therefore, injuries in this area are frequently 
missed. The combination of Panorex exam and CT scan detects almost all mandibular fractures. 

10. Split palate and alveolar fractures have what symptoms in contrast with a Le Fort fracture? 
Fractures of the palate and alveolus generally present with mucosa! and palatal lacerations. These 

are not the usual symptoms of Le Fort fractures and imply damage to the dental alveolar structures. 
Both Le Fort fractures and palatal alveolar fractures present with nasal bleeding and may present with 
numbness i n  the teeth. Alveolar fractures and fractures of the palate al low mobi l i ty of the maxi l lary 
dentition. Le Fort fractures have a mobile maxilla, but the segments of the dental arch are not mobile. 
Segments of the arch in palate fractures often are displaced laterally and are mobi le ,  whereas the Le 
Fort fracture displays mobility at the Le Fort I, I I  or III levels. In Le Fort fractures, the maxil lary dental 
arch moves as a one-piece unit. The presence of a palatal alveolar fracture demands additional reduc
tion techniques and/or spl inting in combination with techniques used to stabi l ize Le Fort fractures. 
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1 1 . Which nasal ethmoidal fractures do not display telecanthus? 
Nasoetlunoidal orbital fractures, which are greensticked or incomplete at the junction of the inter

nal angular process of the frontal bone with the frontal process of the max i l la, are usually rotated pos
teriorly and medial ly at the inferior orbital rim and piriform aperture. Therefore, they tend to tense 
the medial canthaJ attachment and lengthen the palpebral fissure. A "bowstringing" effect on the palpe
braJ fissure is  created, along with an ipsilateral depression along the side of the nose and the inferior 
orbital rim. The presence of a complete fracture at the internal angular process of  the frontal bone 
al lows the attachment of the medial canthal l igament to the frontal process of  the maxil la to move 
laterally, which produces the classic telecanthus seen in complete nasoethmoidal orbital fractures. 

12. Cerebrospinal fluid fistulae can be detected by what examinations? 
Cerebrospinal fluid fistulae are detected by suspicion. If nasal drainage is examined, the presence 

of a double ring on absorption of the nasal drainage on a paper towel implies that the blood is separate 
from another component. The blood ring is internal, and the lighter fluid ring is external, implying the 
presence of another substance (cerebrospinal fluid). The cerebrospinal fluid contains glucose, whereas 
nasal mucous or drainage does not. The location of a cerebrospinal fluid fistula is often suspected on 
a carefully performed CT scan. Al ternatively, dye or radiograph ically active material may be placed 
in the spinal fluid with a lumbar puncture and collected in the nose to identify the presence of cere
brospinal fluid rhinorrhea. Dyes also may be imaged as they pass through the site of the fistula. 

13. Subcondylar fractures of the mandible generally present with what occlusal disturbance? 
Subcondylar fractures of the mandible usually present with a contralateral open bite in the ante

rior dentition and premature contact on the ipsilateral side. The ramus is shortened by the fracture on 
the affected side; therefore, a premature contact in the molar dentition on the injured side opens the 
bite in the contralateral anterior dentition. 

14. Untreated Le Fort 11 and Ill fractures generally present with what changes in  facial struc
ture and occlusion? 

Untreated fractures of the Le Fort variety generally present with bilateral eyelid ecchymosis, bilat
eral infraorbital nerve numbness, bilateral nasal bleeding, and dramatic facial swelling. A malocclusion 
is present. General ly the maxil la has dropped inferiorly in its posterior aspect, creat ing premature con
tact in the posterior dentition and an anterior open bite. The maxilhll"y dental arch is usually rotated. The 
facial features are flattened and elongated, producing the so-called donkey facies of maxil lruy and zygo
matic retrusion, nasal retrusion, and an increase in the length of the middle third of the facial region. 

15. Incomplete or greenstick Le Fort fractures present with what symptoms and are charac
teristically found at what level? 

Incomplete Le Fort fractures present with minimal signs of facial injury. Often they masquerade 
as an isolated zygomatic fracture. Incomplete fractures are more common in upper (Le Fort I I  and 
Le Fort I l l )  fractures. Max i l lary mobi l i ty is nonnally the hallmark of a Le Fort fracture; however, it 
is  absent in incomplete injuries. Displacements are usually s l ight, and the malocclusion i s  easi ly 
m i ssed. Often there is a s l ight rotation or a sl ight malocclusion. The malocclusion can be ascribed, 
therefore, to swel l ing and is easily missed. The fracture is  also easi ly missed in radiographs, because 
there is no displacement between fragments, and the CT scans do not image undisplaced fractures 
with clarity. Therefore, the diagnosis must be suspected in any patient with minor malocclusion and 
periorbital bruis ing. The injury is usual ly treated satisfactorily by the application of arch bars and 
traction elastics for a short (3-week) period. Missing the fracture generally requires a max i l lary Le 
Fort l osteotomy as an elective corrective procedure. 

16. The presence of an anterior cranial fossa fracture is suspected by what clinical signs? 
Generally, fractures of the anterior cranial Fossa are not only easi ly missed in radiographs (they 

generally require careful ly taken CT scans), but they may be missed on physical examination. The 
presence of  a forehead bruise or laceration is common. The patient may demonstrate a "spectacle" 
hematoma-a hematoma in the upper lid confined to the distribution of the orbital septum. Therefore, 
the bruise abruptly stops where the orbital septum attaches to the superior orbital rim and produces a 
classic hematoma of the upper eyelid. Such hematomas ru·e diagnostic of a fracture within the superior 
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orbit; therefore, it is an anterior cranial fossa fracture. Disturbances of o lfaction and a cerebrospinal 
fluid leak also may accompany these injuries. The most common cerebral symptom is a s l ight dis
turbance of memory or consciousness. Even brief periods of unconsciousness imply brain contusion. 

1 7. What is the difference between enophthalmos and ocular dystopia? 
Fractures of the lower two-thirds of the orbit commonly produce changes in eye position by expan

sion of the orbit. Fractures of the superior portion of the orbit generally are displaced inward and down
ward and cause the globe to be driven forward and downward by orbital volume constriction. Fractures 
of d1e inferior portion of the orbit may either constrict or expand the orbital cavity. Constriction is most 
commonly produced by a medially displaced zygoma fracture, which may cause exophthalmos of the 
globe. In fractures of the zygoma, orbital floor, or medial orbit that expand the volume of the orbit, the 
globe is displaced posteriorly and medial ly. The posterior displacement of the g lobe is termed 
enophthalmos. Generally, an increase of 1 cc in orbital volume is required for each mil l imeter dis
placemenr of the globe. Inferior globe displacement is called ocular dystopia. Displacement i s  permit
ted by expansion of die floor, medial orbital wal l ,  and, in cases of the zygoma, the inferior orbital rim.  

18 .  How are injuries of the parotid duct detected'? 
Parotid duct injuries should be suspected on the basis of a physical examination. Lacerations in the 

vicinity of the duct (which travels on a l ine between the ear canal and the base of the nose and exits into 
the mouth opposite the second maxil lary bicuspid-first molar area) are suspect for parotid duct injury. 
Because the buccal branch of the facial nerve and the parotid duct run close to each other, injury to either 
structure alone is less common than injury to both. Therefore, lacerations d1at present with buccal branch 
facial nerve weakness should raise suspicion for parotid  duct injuries. The duct can be cannulated 
with an angiocath intraorally. If sal ine is  flushed into the duct, the appearance of sal ine in the wound 
is diagnostic of a duct or anterior glandular laceration. Such injuries benefit from operative exploration 
and repair of the duct. Repair is  conducted over a tine "stent" catheter wi th nonabsorbable sutures. 

19. Blunt craniofacial injuries accompanied by facial nerve palsy are generally due to fracture 
of what structure? 

Fractures of the temporal bone are common skul l-base fractures. They may be longitudinal or 
transverse. High-dose steroids and decompression are considered for certain injuries. The prognosis 
varies with the s i te of the fracture. 

20. Subluxation of the condylar head anterior to the glenoid fossa produces what symptom? 
It produces an open bite and inabi l i ty to close the mouth. The mandible is  "locked" open. The 

joint is  usual ly anesthetized to relax the muscles; then finger pressure is del ivered downward to the 
posterior maxil lary dentition to ease the condylar head back into the Fossa. Lim ited mouth opening 
is prescribed. Occasionally, surgical intervention is necessary to prevent recurrent dis locations. 

21. Transection of the lacrimal system is suggested by what physical signs? 
It is  usually heralded by a laceration in the vicini ty of the medial canthus. The Jacrimal punctum 

may be di lated and saline squirted d1rough the puncrum into the system. Appearance of sal ine in  the 
wound is diagnostic of a canal icular laceration. Both upper and lower canalicular lacerations should 
be repaired. Tubes are placed into the nose, through the lacerated cannicu lus  to spl int  the repair. 
Damage to the l acrimal system commonly accompanies Le Fort I l l  and nasoethmoid fractures. 
However, such damage usually produces compromise or obstruction of the Jacrimal system within 
the nasal lacrimal duct; repair and repos it ioning of the fracture fragments often permi t  adequate 
function of the system. Repair of a chronically obstructed nasal Jacrimal duct is  accomplished with a 
dacryocystorrhinostomy. 

22. Facial lacerations rarely require debridement because the blood supply is good and the 
tissue will usually heal. True or false? 

Most facial lacerations benefit from debridement. The facial blood supply is excel lent, and often 
contused bits of tissue wi l l  heal but with increased scarring. Therefore, the zone of contusion should 
be excised, if permitted by flexibil ity and avai labi l i ty of soft tissue, to prevent distortion. Excision 
should not be perfom1ed in the upper and lower eyelid areas because the eyel ids may not be able to 
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close completely over the globe. In general, excision also should not be performed in  eyelid or eyel id 
margin lacerations, nostril rim lacerations, or lacerations of the l ip margins or ear because distortion 
may be noticeable. In other areas, resection of the contused skin allows conversion to a primary sur
gically created wound with more predictable healing and generally improved appearance. A layered 
repair of the facia l  soft tissue, including the fat mimetic muscle system and the skin dermal and epi
dermal components, should be perfonned. 

23. Three-dimensional CT scans are indicated in what kind of fracture evaluation? 
Three-dimensional CT scans are helpful for an overall picture of the fracture and are most useful 

for comparing symmetry between the sides or displacement of the zygoma or m andible. They are 
not as useful in the orbit because they are not sensitive to orbital wall displacement. The combina
tion of axial and coronal CT scans with both bone and soft tissue windows provides the most accu
rate facial injury assessment. 

24. What potentially lethal facial fracture emergency is commonly overlooked? 
Aspiration often accompanies fractures of the upper and lower jaws. I t  is  easily missed and ac

counts for pulmonary complications that may have severe consequences. I t  is  prevented by recogni
tion, patient positioning, and intubation. 

25. What disastrous complications result from instrumentation of' unrecognized fractures of 
the anterior cranial fossa? 

Disastrous complications may occur if instrumentation procedures are performed in carelessly 
unrecognized fractures of the anterior cranial fossa. Fractures of the anterior cranial fossa produce a 
bony discontinuity that al lows penetration of nasogastric tubes, nasal fracture reduction i nstruments, 
and nasal packing into the anterior cranial fossa. One must be aware of the usual location of the crib
riform p late, and instruments must be angled away from this region specifically. Both instruments 
and nasogastric tubes have been inadvertently introduced into the anterior cranial fossa with disas
trous consequences. 

26. Numbness of the lower l ip  usually accompanies what type of mandibular fracture? 
The inferior alveolar nerve enters the mandible in the upper ramus and travels through the angle 

region and the body of the mandible until i t  reaches the mental foramen opposite the first bicuspid 
tooth. It then exits the jaw and travels in the soft t issue. Fractures of the angle and body region, there
fore, may produce numbness by displacement of fragments impinging on the nerve and/or transecting 
it. The presence of numbness should prompt a thorough exam ination for mandibu l ar fracture. 
Generally, such fractures are also accompanied by malocclusion and bleeding from a tooth socket. 

27. Acutely, orbital floor fractures present with what symptoms? What criteria should be 
used to establish the need for operative reduction? 

Orbital fractures generally present with numbness in the distribution of the infraorbital nerve, 
double vis ion,  periorbital and subconjunctival hematoma, and perhaps a v isual acuity defici t .  The 
v isual acui ty defic i t  is not specific to the orbital fracture, but impl ies damage to the globe or  the 
optic nerve. Generally orbital fractures present with exophthalmus due to swel l ing. Enophthalmus is 
present within 1 -3 weeks i f  the orbital cavity is  significantly enlarged and appears as the swel l ing 
resolves. An orbital volume enlargement of more than 5- 1 0% justifies open reduction. Generally, or
bital fractures are accompanied by diplopia when the patient looks upward or downward. Diplopia 
i n  downgaze i s  quite disabling and is due most commonly to muscular contusion. Diplopia that is 
due to interference with the excursion of the extraocular muscle system, by v i rtue of entrapment of 
fat that i s  tethered to the muscles by fine l igaments or, less commonly, entrapment of the muscle 
itself, should  be treated with operative intervention. Diplopia due to muscle contus ion usual l y  im
proves significantly without operative intervention. 
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2 5 .  P E DIATRIC FACIAL FRACTURES 

Ricfiard C .  Scfiu ltz. M . D , F.A C.S .  

1 .  What are t h e  four most common causes o f  nasal fractures in  children? 
Auto accidents (40%), sports injuries (25%), intended injuries ( 1 5%),  and home injuries ( 1 0%) .  

2. What type of  anesthesia i s  used most frequently during the  reduction of  nasal fractures? 
In children over the age of 6 years, displaced nasal fractures can readi ly be reduced under local 

anesthesia us ing intranasal packs of cocaine and epinephrine and external block us ing I %  or 2 %  
Xylocaine solution with epinephrine. Total nasal anesthesia can be achieved in this manner, but most 
patients benefit from the use of intravenous sedation for additional comfort. 

3. What three surgical instruments are routinely used to reduce displaced nasal fractures? 

�) 

A, Walshan forceps; B, Asch septa! forceps; and C, Sal inger reduction instrument. (From Schultz RC (ed): Facial 
injuries, 3rd ed. Chicago, Year Book Medical Publ ishers, 1 988, with pennission.) 
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4. What are the three most common facial fractures in children? 
Nasal fractures, fractures of the zygoma, and mandibular fractures. 

5. What are the most serious facial fractures in children? Why? 
Fractures of the upper third of the face (supraorbital and glabel lar fractures) are the most seri

ous. These fractures are frequently associated with fractures of the frontal and temporal bones, 
extend i ntracranial ly, and are associated with intracranial injury. 

6. What are the four standard approaches to open reduction of fractures of the upper third of 
the face? 

��-. 
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A ,  Through an existing forehead laceration or a transverse forehead line. B,  Through or just above the eyebrow. C, A 
gull-wing approach through both eyebrows and across the nasal bridge. D, The clas ic bitemporal (coronal) forehead 
nap. (From Schultz RC (ed): Facial injuries, 3rd ed. Chicago, Year Book Medical Publishers, 1 988. with pem1ission.) 

7. What is the most frequently used surgical approach to reduction of depressed fractures of 
the zygoma in  children'? 

B 

A ,  Force involved in causing a depressed fracture of the zygoma. B, Proposed incisions i n  the lower eyelid and 
lateral aspect of the brow. C, I ncision and dissection of the periosteum covering the inferior orbital rim and ex
ploration of the orbital floor. D, Elevation of the depressed zygoma through the lateral orbital incision by revers
ing the forces causing the depressed fracture. £, Restoration of the malar contour and repair of the small incisions 
in  the lower eyelid and lateral orbital rim. (From Schultz RC (ed): Facial injuries, 3rd ed. Chicago, Year Book 
Medical Publ ishers, 1 988, with permission . )  
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8. What are the bony structures that support the vertical dimensions of the facial bones in 
children? 

Location of the th ickened bony buttresses that support the 
vertical and oblique d imensions of the face. (From Schultz 
RC (ed): Fac ia l  injuries, 3rd ed. Chicago. Year Book 
Medical Publishers. 1 988. wi th permission.) 

9. What are the most complex facial fractures in children? 
Fractures of the middle third of the face are the most complex, because they involve not only the 

vertical and horizontal dimensions of the face but also the interdental occlusion. 

10. How are fractures of the maxilla classified? 

I ,  Transverse (Le Fort l). //, Pyramidal (Le Fort I I ) .  
Ill, Craniofac ia l  clysj unct ion ( Le Fort I l l ) . (From 
Schultz RC (eel): Facial injuries, 3rd eel. Chicago. Year 
Book Medical Publishers, 1 988. with permission . )  

I I  

LeFort Classification 
of 

Maxi l lary Fract u res 

1 1 . How are displaced maxillary fractures reduced? What instruments are used? 
Surgeons first attempt to reduce maxi l lary fraelures by closed means, using maxil lary dis im

paction forceps to dis impact and reduce the fractures (see figure, top of next page). The blades of 
these instruments l ie wi thin the nostril floor and along the hard palate. The blades are curved in such 
a fashion as to follow the anatomic contours. A rocking motion is sometimes necessary to reestabl ish 
the maxi l lary position both vertically and horizontally. This maneuver does not provide fixation. The 
various fom1s of fixation available to the craniomaxi l lofacial surgeon involve wiring mini- or micro
plates (usually titanium or Vital l ium) in conjunction with the use of bone grafts. 

12. Describe the most common fracture of the mandible in children. 
Greenstick fractures of the mandible, part icularly in the condylar region, are relatively common 

in children. Fractures with dis location are seen less often but are more apt to occur in the body of the 
mandible. 
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Reduction of maxi l lary fracture by closed means, 
using maxi l lary disimpaction forcep to disimpact and 
reduce the fracture. (From Schultz RC (ed): Facial in
juries, 3rd ed. Chicago, Year Book Medical Publishers, 
1 988, with pennission.) 

13. What is the major growth center of the mandible? 
The condyle is the major growth center. Growth occurs at the periosteal surface by apposition of 

bone to the superoposterior surfaces of the condylar head, contributing to downward and forward 
mandibular growth. During the first three years of l i fe the condyle consists of a del icate vascular 
sponge with a covering of thin cortical bone. Within this period a severe blow appl ied to the long 
axis of the mandible can result in a crushing and mushrooming of this delicate structure. Crushing 
may cause intrascapular hemorrhage and hemarthrosis in the glenoid fossa, which i n  turn may lead 
to ankylosis of the joint and growth disturbances. 

14. What type of condylar fracture is seen most often in children? 
S ubcondylar greenstick fractures are more common than intracapsu lar fractures. Subcondylar 

greenstick fractures are usual ly displaced medial ly and cause a temporary lateral crossbite. They 
sometimes go unnoticed but rarely result in permanent disability or deformity unless they are bilat
eral. B i lateral fracture dislocation in the condylar region with telescoping of the fragments is  a serious 
threat to growth and normal occlusion. The treatment of choice is closed reduction and intermaxi l lary 
fixation for 3-4 weeks. Unless occlusion is otherwise unattainable, open reduction should not be at
tempted, because some degree of arthrosis and growth disturbance may result from the procedure. 

15. Why are mandibular fractures in children so complicated to treat? 
Fractures through the body of the mandible in chi ldren are compl icated by mixed dentition with 

teeth in various stages of eruption. Radiographs can be misleading when undisplaced fracture are 
covered by developing tooth buds. Panorex x-ray examination may provide additional information in 
such cases. I n  the mandible fi l led with developing deciduous and pennanent teeth, the ratio of tooth 
structure to alveolar bone is high. The fractures, therefore, are likely to follow the l ines of develop
ing teeth. Unerupted teeth in the l ine of fracture may result in loss or maleruption of the developing 
tooth. Fractures through the body of the mandible, particularly parasymphyseal fractures, are likely 
to be accompanied by a condylar fracture on the opposite side. 

16. Describe the methods and problems of treating mandibular fractures in children. 
During the period of m ixed dentition, deciduous teeth may be exfoliating and permanent teeth 

just erupting. This process may interfere with the use of interdental wires and arch bar . The use of in
terdental wires is further complicated because primary teeth are conically shaped and thus hold wire 
l igatures poorly. In this situation conventional methods such as open interosseous wiring, arch bar fix
ation, and B lair-Ivy loops are inappropriate. A custom-made acrylic trough spl int can be used instead. 
After reduction of the fracture, the splint is fit into position over the teeth having first i ncorporated 
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hooks in the acrylic anteriorly for wire fixation. The splint can be held in position by circumandibular 
wiring. This latter form of treatment is particularly indicated in patients wi th displaced fractures of 
both the body and condyle, because immobil ization of the body fracture is essential but immobil iza
tion of the condylar fracture is  contraindicated. When intermaxi l lary fixation is  indicated, the cir
cumandibular wires can be l i gated by wire intraoral ly to the pir iform aperture. The bony ridge 
making up the pir iform aperture in a child is  bordered by a substant ial bony l ip ;  i t  is  approached 
through a small incision in the upper labiodental sulcus over the lateral incisor tooth. 

CONTROVERSY 

17. Which is preferable in the management of pediatric facial fractures: closed or open reduction? 
Whether to use closed or open reduction of facial fractures has always been controversial .  It is 

well known that open reduction and direct exposure resul t  in greater anatomic reduction of any frac
ture. S uch treatment usually leads to internal wire or miniplate fixation. Although such treatment is  
intellectually and anatomically satisfying, the problems of dissection, periosteal elevation, and inter
ference with growth centers are controversial issues. In general, closed reduction is always prefer
able if reasonable anatomic pos i t ioning can be achieved, thus avoiding extensive d issection. As 
growth continues, remodel ing of bony contour may be anticipated in chi ldren. In addition, the inter
maxil lary occlusion in chi ldren can be more forgiving, and the use of orthodontia for a more precise 
occl usion becomes an option at a later age. 

Bl BLIOG RAP H Y  

I .  Enlow D H :  Facial Growth. Philadelphia, W.B .  Saunders, 1 990. 
2. Kaban LB,  Mu l l iken J B ,  Murray JE: Facial fractures in chi ldren: An analysis of 1 22 fractures in 1 09 pa-

tients. Plast Reconstr Surg 59: 1 5, 1 977. 
3 .  McCoy FJ, Chandler RD, Crow ML: Facial fractures in  chi ldren. Plast Reconstr Surg 37:209, 1 966. 
4. Panker HG, Lehman JA Jr: Management of facial fractures in chi ldren. Perspect Plast Surg 3: I ,  1 989. 
5 .  Rowe NL: Fractures of the facial skeleton in chi ldren. J Oral Surg 26:505, 1 968. 
6. Rowe NL Fractures of the jaws in chi ldren. J Oral Surg 27:497, 1 969. 
7 .  Schultz RC: Supraorbital and glabellar fractures. Plast Reconstr Surg 42:227, 1 970. 
8. Schultz RC: Nasal fractures. J Trauma 1 5 :3 1 9, 1 975. 
9. Schultz RC: Pediatric facial fractures. In Kernahan DA, Thomas H (eds): Symposium on Pediatric Surgery. 

St .  Louis, Mosby, 1 982. 
I 0. Schultz RC (ed): Facial Injuries, 3rd ed. Chicago, Year Book Medical Publishers, 1 988. 
1 1 . Schultz RC: Complications of facial fractures. I n  Goldwyn RM (ed): Unfavorable Results i n  Plastic Surgery. 

Boston, Little, Brown, 1 984. 
1 2. Schultz RC, de Camera D:  Athletic fac ial injuries. JAMA 252:3395, 1 984. 

2 6 .  FRONTAL S I N US F RACTU RES 

J .  Gero.Id Minnit i ,  M D . ,  a nd  Raljmond Harshbarger, M . D . 

1 .  What are the most common causes of frontal sinus injury? 
The great majority of injuries (60-80%) result from automobile accidents. Assaults run a distant 

second (approximately 20-30%),  and the rest are due to fal l s  from a height. 

2. How common are fractures of the lower frontal bone compared with other facial bones? 
Although fractures occur at the sutures between the frontal and zygomatic bones in the malar 

complex fracture, i t  is  much less common for the lower frontal bone to fracture (5- 1 5% of all max
i llofac ial i njuries) .  This portion of the frontal bone represents the anterior table of the frontal sinus 
and is extremely thick; the forces required to fracture it are 2-3 times greater than the forces needed 
to fracture the zygoma, maxil la, or mandible. Such fractures typically occur with a direct blow to the 
glabe l la  region or supraorbital rims; most glabel lar fractures involve the frontal s inuses. 
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3. Is frontal sinus injury typically associated with other maxillofacial injuries? 
Yes.  Because of the great energy required to fracture this portion of the frontal bone, other sig

n i ficant maxi l lofacial injuries are the rule, not the exception. Frontal s inus fractures are most fre
quently associated with nasoorbitoethmoidal (NOE) fractures . 

4. Is frontal sinus injury typically associated with other bodily injuries? 
Yes .  In one large series of pat ients who suffered frontal s inus injury, approximately 75% had 

other bodily injuries, 50% presented in shock, and 25% died within the first 2 weeks of presentation 
to the hospital. 

5. Who is at a much h igher risk for involvement of the frontal sinuses in craniofacial frac
tures-children or adults? 

The frontal sinus struts as merely an ethmoiclal anlage at birth and begins pneumatic expansion at 
age 7 yeru·s; development is  complete by 1 8-20 years. The remnants of this embryonic connection be
tween sinuses are the nasofrontal ducts, a bi lateral structure that drains the frontal sinus from i ts pos
teromeclial aspect, through the ethmoiclal air cells and out to the nasal cavity. usually at the m iddle 
meatus (below the middle turbinate). The small or nonexistent sinuses in the frontal bone in  children 
and young adolescents make the frontal bone less l ikely to be involved in a fracture in this area. 

I Year ol age 

7 Years ol age 
4 Years ol age 

The developing frontal s inus.  ( From aumann H H (ed): Head 
and Neck Surgery of the Paranasal S inuses. Philadelphia, W.B .  
Saunders, 1 980, p 357, with permission.) 

6. What are the initial signs of frontal sinus fracture? 
Any blow to the forehead causing lacerat ions, contusions, or hematoma heralds a possible injury 

of the frontal sinus. Such findings associated with cerebrospinal rhinorrhea or palpable bony depres
sion of the brow evoke strong suspicion of frontal s inus involvement. (Caution: a visible or palpable 
depression is  not always appreciated in the ini t ia l  clays after injury because of swel l ing or 
hematoma.) Supraorbital anesthesia, subconjunctival hematoma, and subcutaneous air crepitus are 
other associated findings . A great majority of people presenting with frontal sinus fractures have as
sociated eye injuries. In i t ial signs of fracture may range from minimal to none; complications may 
develop years later due to lack of treatment. 

7. What radiographic modality best detects and delineates the presence and extent of frontal 
sinus fractures? 

Plain radiographs may pick up large, displaced frontal sinus fractures by depicting cortical mal
al ignment or air fluid levels but frequently miss smaller fractures. Furthermore, involvement of the 
nasofrontal duct is  impossible to detect with plain radiographs. The Water's view of the skull shows 
a wel l-developed frontal sinus with its scalloped superior border. CT scan has become the standard 
for evaluation of craniofacial trauma and is most sensitive in determin ing frontal s inus fractures .  
Small ,  minimally displaced fractures of the floor, septum, or anterior or posterior tables (the poste-
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rior wall and roof) are easily seen. Unfortunately, direct visualization of the ducts and possible injury 
to the ducts is beyond the resolut ion of the CT scan. Fractures of the floor that run near the midl ine, 
cross the midl ine, run near the posterior wal l ,  or involve the nasoethmoidal complex are indirect evi
dence of ductal injury. 

Top left, Water's view plain radiograph of the skull showing a nom1al, well-developed frontal sinus. Right, CT scan 
of the head showing a displaced fracture of the anterior table or the frontal sinus. 80110111 le.ft. CT scan of the head 
showing displaced fracture of both anterior and posterior tables of the frontal sinus. Note the small pneurnocephaly 
behind the posterior table of the right frontal sinus. (From Rohrich RJ , Hol l ier LH :  Management of frontal s inus 
fractures: Changing concepts. Cl in Plast Surg 1 9:2 1 9-232, 1 992, with pennission.) 

8. What are the anatomic boundaries of the frontal sinus? 
The frontal sinus is  typically a bi lateral, air-fi l led cavity that in cross-section is triangular. A 

thick anterior table provides the contour of the glabel la, brow, and lower forehead. A thin posterior 
table separates the air space from the frontal lobes in the anterior cranial Fossa. The floor of  the sinus 
overlies the ethmoidal air cel ls anteromedially and the orbits posterolaterally. The extent of the lat
eral and superior margins is variable. The supraorbital rims demarcate the lower anterior border. 

9. What complications are associated with frontal sinus fractures? What causes them? 
Most of  the complications associated with frontal sinus injury are secondary to obstruction of 

the nasofrontal duct, entrapment of mucosa in the fracture l ines, or dural tears. Early complications 
inc lude epistaxis, cerebrospinal fl uid leakage, meningi t is ,  and intracrania l  hematomas. Compl i
cations occurring within weeks are sinusitis, mucoceles, cerebrospinal fluid leakage, and meningitis. 
Later complications (up to many years) include osteomyeli t is ,  mucopyoceles, intracran ial abscesses, 
and orbital abscesses. (See figure, top of next page. )  

10.  What is the  function of  the  frontal sinuses? 
Although the function of the paranasal sinuses is  conjectural, i t is  certain that the frontal s inuses 

serve as a mechanical barrier to protect the brain .  They are air-fi l led compressible cavit ies that 
absorb impact energy that otherwise wou ld be imparted to brain parenchyma. Being in continuity 
with the upper respiratory tract, the paranasal sinuses are l ined with columnar epithe l i um replete 
with ci l ia and mucus-secreting glands that drain through the nasofrontal ducts. 
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1 1 .  Are frontal sinus fractures a surgical emergency? 

A midsagi t ta l  section through the frontal 
s inus depict ing possible routes for spread of 
i n fect ion . (From Mohr R M ,  Nelson LR:  
Frontal s inus  ablation for frontal osteomye
l i tis. Laryngoscope 92: I 006-1 0  I 5 ,  I 982, with 
permission. )  

Fractures of the frontal sinuses a.re not a surgical emergency unless other associated ophthalmo
logic or neurologic injuries require emergent surgery. Patients with suspected frontal sinus fracture 
should be placed on a broad-spectrum intravenous antibiotic as soon as possible to prevent early in
fectious sequelae. 

CO NTROVERSIES 

12. What are the indications for surgery? 
The status of the anterior and posterior tables and the nasofrontal ducts dictates the need for 

surgery. Nondisplaced anterior table fractures can be safely observed. Displaced anterior table frac
tures, however, may cause a cosmetic deformity and require surgery. The indications for manage
ment of  min imal ly or nondisplaced posterior table fractures remain controversia l .  Most c lin ica l  
studies and animal models show that such fractures can be observed if  there is  no cerebrospinal fluid 
leak or suspicion of nasofrontal duct injury. Displaced posterior table fractures greater than one wall 
thick merit surgical exploration and reduction. Suspicion of nasofrontal duct involvement also dic
tates the need for exploration. 

13. What are the surgical approaches to exploration and repair of frontal sinus fractures? 
Although exploration can be done in a preexisting wound or local inci ion, a coronal incision 

offers the greatest access to the whole frontal sinus as well as the ethmoidal, orbital, and intracranial 
regions and is the least conspicuous incision. Explorat ion and reduction of anterior table fractures 
alone usually can be performed through an osteoplastic bone flap, which is  created by unroofing the 
remaining anterior table while keeping i t  in continuity with its periosteum for complete access to the 
sinus. Posterior table fractures that are significantly displaced in the presence of cerebrospinal fluid 
rhinorrhea require a frontal craniotomy in conjunction with a neurosurgical team to assess and repair 
dural or parenchymal injuries. 

14. What methods are used for repair of frontal sinus fractures? 
I .  Fractures of the anterior table alone without i njury to the nasofrontal duct can be simply re

duced and stabil ized with microplates or wires. 
2 .  Fractures involv ing the nasofrontal duct rarely do wel l when repair of the duct is  attempted 

with long-term Si lastic catheters to promote drainage. The safest and surest procedure is  obl iteration 
of the sinus. This procedure entails removing all mucosa and inner cortex from the sinus and upper 
duct with a high-speed burr, then packing the duct and sinus with material that encourages scarring 
and ossification. Many materials have been used, including autologous tissue such as bone, muscle, 
fat, and periosteal flaps; foreign substances such as gelfoam (synthetic collagen); and nothing at all. 
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All  methods have been shown to have comparable success, but cancellous i l iac bone seems to have 
the lowest long-term complication rate. 

3. Fractures that destroy the posterior table usually are associated with dural or parenchymal 
injury and require a craniotomy. The frontal sinus should then be cranialized. After any neurosurgi
cal repair of the dura, the posterior table is removed, and the anterior table and floor are reduced and 
stabil ized. The remaining mucosa and inner cortices of the sinus and duct are burred, and the duct is 
packed with bone. The brain is then allowed to resume its proper location in a newly enlarged ante
rior cranial fossa. 
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2 7. FRACTU RES O F  T H E  N O S E  

Denn is E .  Lenhart ,  M D ,  and Rudolph F .  Doleza l ,  M . D . 

1. Which five bones make up the nose? 
1 .  Maxi l la: frontal process of maxi l la 
2. Frontal bone: nasal process of frontal bone 
3. Nasal bones 
4. Varner: contributes to the septum 
5 .  Ethmoid: perpendicular plate of the ethmoicl also contributes to the septum 

Nasal bone 

Vomer 

Maxilla 
Palatine process 

Structural anatomy of the nose. 

Nasal bone 

Nasomaxillar\' 
proCL'SS 
Nasal bridge 

Upper lateral 
cartilage 

Lower lateral 
carti lage 
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2. A patient reports numbness of the nasal tip after a nasal fracture. Which nerve is injured? 
Anterior ethmoidal nerve. The external branch of the anterior ethmoidal nerve emerges between 

the nasal bone and upper lateral nasal cart i lage to supply sensation to the skin of the dorsum of the 
lower nose and tip. The innervation of the nose is  as follows: 

Trigeminal nerve (cranial nerve V) 
Y 1 (ophthalmic division) 

• Jnfratrochlear nerve: skin of bridge and upper lateral area 
• Anterior ethmoidal nerve to internal and external nasal branches 

V 1 (maxi l lary div ision) -
. Infraorbital nerve: skin of lower lateral half 
• Nasopalatine nerve: nasal septum and anterior hard palate 

3. Where is the rhinion? Why is it important in nasal fractures? 
The nose is basical ly a pyramidal structure with two nasal passages separated by a mid l ine 

septum. The upper third of the nose is  supported by the nasal bones. The lower third of the nose is 
supported by the interrelationships between the paired lateral cartilages and septum; the septum is 
responsible for the major portion of the dorsal support. The rhinion is the junction of bony and carti
laginous nasal framework. The proximal portions of the upper lateral cartilages are overlapped by 
the caudal portion of the nasal bones. The distal portions of the upper lateral cartilages l ie under the 
cephalic border of the lower lateral cartilages. The midl ine septum l ies within the vomerine groove, 
solidly attached at its inferior border. Fractures at the rhinion may dislocate the upper lateral carti
lage attachment under paired nasal bones, creating a saddle deformity. 

4. After nasal trauma a patient develo1>s severe nosebleed that fails to respond to nasal pack
ing. Ligation of the maxil lary branch of the external carotid artery also fai ls to control the 
bleeding, and speculum examination reveals that the source is superior to the middle turbinate. 
What is the l ikely source of the bleeding'? 

The blood supply to the nose is from both internal and external carotid arteries. The main blood 
supply is from the external carotid artery via the maxi l lary artery (sphenopalatine, greater palatine, 
and infraorbital branches). The facial artery off the external carotid also suppl ies the anterior portion 
via the superior labial branch. The external carotid artery suppl ies the nose inferior to the m iddle 
turbinate. 

The internal carotid artery contributes via anterior and posterior ethmoidal branches and oph
thalmic branches. The internal carotid contributes to the nose superior to the middle turbinate and is 
the l ikely source of bleeding in this patient. I t  is also the l ikely source of b leeding in patients w ith 
aggressive osteotomies as the chi  el approaches the glabella. 

5. Where do nasal bones usually fracture? 
The paired nasal bones articulate in the midline with each other; they are supported lateral ly by 

the frontal processes of the maxi l la  and superiorly by the nasal processes of the frontal bone . The 
proximal nasal bones are stronger and th icker and relatively resistant to fracture. Fractures occur 
more commonly in the distal nasal bones, which are broader and thinner. Direct frontal blows over 
the nasal dorsum usual ly resul t  in fracture of the thin lower half of the nasal bones. Only when the 
force of the blow is more severe does the fracture involve the more proximal nasal bones, possibly 
with extension into the frontal process of the maxil la and frontal bone. 

6. Why may persistent epiphoria result after nasal fractures? 
Fractured bone segments in more severe injuries may be driven into the nasolacrimal system at 

various levels, resulting in obstruction producing pennanent epiphoria. 

7. How can nasal fractures change the interorbital distance? 
Violent b lows to the nose resu l t  in fracture and comminution of the nasal bones, frontal 

processes of the maxi l la, lacrimal bones, septa! cartilage, and ethmoid. Displacement of these frag
ments and the attached medial canthal l igaments results in broadening and widen ing of the nasal 
dorsum and widening of the interorbital distance. 
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8. What is the role of radiographs in the diagnosis and treatment of nasal fractures? 
Racliographs are of l imited value in the treatment of nasal fractures. Standard facial racliographs 

may not clearly demonstrate nasal fractures. A nasal series that includes a 45° occipitomental view and 
a low-density soft tissue technique on profile usually demonstrate nasal fractures, if present. Although 
racl iographs serve as a physical record of a nasal fracture, they are not absolutely necessary to diagnose 
the injury. ln addition, the presence of a fracture on a racl iograph is not an indication for surgery. CT 
scans accurately image nasal fractures but should be used only to ru le out suspected injuries to the 
orbitoethmoicl region. Therefore, the decision to operate depends on the physical findings; racliographs 
only assist in this process. Although radiographic documentation is  recommended for medical legal 
reasons, physical examination of the nose determines whether surgical intervention is indicated. 

9. When may nasal packing be used after nasal fracture'? 
After fracture reduction, intranasal packing may be used for the fol lowing purposes :  
I .  To control bleeding and prevent septa! hematoma 
2.  To splint the nasal septum into position and to keep the septa! mucosa approximated to the 

septa I carti I age 
3. To prevent synechiae if large areas of mucosa are abraded 
4. To treat comminutecl nasal fractures 
5. To provide internal support for reduced bone fragments 

10. What are the indications for septoplasty at the time of closed reduction? 
The septum plays an important role in determining the eventual posi tion of the nasal bones and 

appearance of the external nose. If septa! injury is not ident i fied and corrected, the reduction of the 
nasal bones may not be adequate and eventual functional and cosmetic results may be unsatisfactory. 
The indications for septoplasty are as follows: 

I .  Inabi l i ty to obtain reasonable alignment by c losed method 
• Dislocation of the caudal septum from the vomerine groove usually does not reduce with 

reposit ioning of the bony nasal pyramid. Manipulative reduction may be attempted; i f  it is 
unsuccessfu l ,  open reduction ( septoplasty) should be performed. The procedure may in
volve repositioning the caudal septum or removing a small strip of cartilage along the infe
rior border. 

• Septa! fractures may be severely displaced and irreducible. Local or l im ited submucosal re
section of the area of septa! overlap releases the locked septa! displacement and provides 
better al ignment, appearance, and function of the nose. 

2 .  Patients with a preinjury history of nasal airway obstruction. 
3 .  Septa! deformity clue to undetected or late treatment of a septa! hematoma. 

1 1 .  What is the treatment of a severely com minuted nasal fracture? 
Severely comminutecl nasal fractures usual ly can be reduced primarily and supported with in

tranasal packing and external ly appl ied spl ints .  External spl ints incl ude standard nasal casts and 
spl ints, as well as the small paclclecl metal spl ints applied to the lateral s ides of the nose over the nasal 
bones, and are held in place by transnasal wires or nonabsorbable sutures. Packing is placed under
neath the nasal bones so that the bone fragments are sandwiched between and supported by internal 
and external support mechanisms. The combination of internal and external spl inting function helps 
( I )  to prevent hematoma and later skin thicken ing. ( 2 )  to compress and narrow the splayed nasal 
clorsum, and (3) to conserve nasal height. 

Some comminutecl inju ries may require open reduction with d i rect wir ing of fragments, and 
some may require bone grafting. However, open reduction early after injury risks loss of bone frag
ments with l i ttle soft tissue attachment and should be used with caution. 

1 2. What is the cause of the saddle deformity? 
Saddle deformities result from loss of support of the nasal clorsum. They are usual ly composite 

injuries that involve both bone and cartilage. allowing the nasal bones and upper lateral cartilages to 
drop into the piri form aperture. Such injuries include telescoping septa! fractures and fractures at the 
rhinion that dis locate the upper lateral cart i lage attachments. Septa! hematomas also may create a 
saddle deformity by causing necrosis of the septum and subsequent loss of dorsal support. 
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13. When is secondary treatment of nasal fractures indicated? 
I t  is indicated for patients with either functional or cosmetic problems. Even with adequate re

duction, late deformity may sti l l  occur, and patients should be warned. Late deforn1ities may include 
a nasal hump or deviation, loss of dorsal height, septa! deviation, and nasal obstruction. Most au
thors recommend early closed reduction followed by late correction of residual cosmetic deformities 
or functional problems with formal rhinoplasty. 

1 4. Why are septal hematomas a problem? 
The mucoperichondrium of the nose has a rich b lood supply, and bleeding is common with nasal 

trauma. Hematomas of the septum are frequently bi lateral, because fractures of the septa! cart i lage 
al low passage of blood from one side to the other. Blood is trapped between the mucoperichondrial 
sleeves and may cause two problems: 

l .  Untreated septa! hematomas may organize and fibrose to form a thickened section of carti
lage that may obstruct the nasal airway. 

2. If the hematoma exerts excessive pressure, necrosis of the septum may resu l t ,  ending in a 
septa! perforation. 

Loss of a s ignificant portion of the septum is usual ly associated with complete collapse of the 
cartilaginous dorsum of the nose and results in a saddle deformity. 

15. What is the treatment of an acute septa! hematoma? 
Septa! hematomas are treated with an incision along the base or most inferior port ion of the 

hematoma to al low dependent drainage and prevent refi l l ing of the cavity with b lood or serum.  
B i lateral hematomas can be  treated with bi lateral incisions, maintaining an  intact septa! cartilage, or 
with a unilateral incision and resection of a window of carti lage to create a bi lateral communication. 
A l ight nasal packing is recommended as wel l  as prophylactic antibiotics. 

16. What are the late complications of nasal fractures? 
I .  Nasal airway obstruction may develop from septa! hematomas, malunited fractures, or scar 

contractures. Septa! hematomas may organize and fibrose, calcify, or chondrify, forming a thickened 
portion of the nasal septum that obstructs the airway. Mal united fractures of the piriform margin and 
scar contracture of vestibular li ning also may result in obstruction. 

2 .  Saddle deformity due to shortening and collapse 
3. Dorsal hump due to periosteal reaction to hematoma 
4 .  Nasal deviation due to malunion 
5 .  Synechiae may fom1 between the septum and turbinates in areas where soft tissue lacerations 

occur and the tissues are in contact. 
6. Osteit is associated with compound fractures or infected hematomas 
7. Epistaxis 
8 .  Headaches 

1 7. During in itial examination, what should the examiner specifically look for inside the nose? 
Be sure that the inside of the nose is examined and palpated so that a septa! hematoma or large 

mucosa! rent is  not mi ssed. Immediate or persistent nasal obstruct ion after trauma may indicate 
septa! hematoma, which should be drained to prevent late sequelae. Large rents in the mucosa should 
be repaired to avoid late synechiae. 

18. In adults, reduction of a nasal fracture may be performed up to 3-4 weeks after the injury. 
What about pediatric patients? 

Nasal fractures in pediatric patients should be reduced within the first few days after injury be
cause the rapid healing of the facial bones in children may make later reduction difficult . 

19. A patient was treated for a nasal fracture with involvement of the septum 6 months ago 
and now presents with complaints of difficulty in breathing through his nose. What happened? 

Despite adequate septal reduction after fracture, some patients have symptoms of nasal obstruc
tion months or years after treatment because of the inherent forces in the carti lage that have a 
memory for relapse deformation. 
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20. Can a septoplasty be performed in pediatric patients in either early or late treatment of 
nasal-septal fractures without affecting later growth? 

A septoplasty can be safely performed in pediatric patients as long as the growth center at the 
nasal spine of the maxilla is  avoided. 
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2 8 .  F RACTU RES O F  TH E O RBIT 

J effrey Weinzweig , M D .  and Scott P Ba rtlett .  M . D .  

ANATOMY 

1. The orbit is composed of how many bones'? 
Seven. The zygoma, lesser and greater wings of the sphenoid, frontal bone, ethmoid bone, 

l acrimal bone, palatine bone, and maxil la articulate to form each orbit. The paired structures are sep
arated in the midl ine by the nasal bones and interorbital space. 

Frontal bone 

Lacrimal bone 

Maxilla 

Inferior orbital fissure 

Anatomy of the orbit .  (From Whitaker LA, Bartlett SP: Craniofacial anomalies.  In Jurkiewicz MJ ,  Krizek TJ , 
Mathes SJ, Ariyan S (eds): Plastic Surgery: Principles and Practice. St. Louis, Mosby, 1 990, p 1 04. with perrnission.) 
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2. What is the relationship  between the anterior cranial fossa and the orbit? 
The orbits are situated immediately below the noor of the anterior cranial fossa. the lateral por

tion of which is formed by the roof of the orbits. The medial portion of the anterior cranial fo sa i s  
formed by  the roof of each ethmoid sinus laterally and by  the cribriform plate medially. 

3. Which bony structures surround the orbit and protect its contents? 
Superiorly :  the supraorbital rim is formed by the supraorbital arch of the frontal bone. 
Inferiorly: the thick infraorbital rim is formed by the zygoma laterally and the maxi l la medially. 
Medially: the nasal spine of the frontal bone and the frontal process of the max i l l a  constitute 

the anteromedial orbital wal l .  
Laterally: the frontal process of the zygoma and the zygomatic process of  the frontal bone con

stitute the lateral orbital rim. 

4. The orbital walls are composed of which bones? 
The roof is composed mainly of the orbital plate of the frontal bone. Posteri rly i t  receives a 

minor contribution from the lesser wing of the sphenoid. 
The orbital floor is composed of the orbital plate of the maxi lla, the zygomatic bone anterolat

erally, and the orbital process of the palatine bone posteriorly. The orbital floor is equivalent to the 
roof of the maxi l l ary sinus. 

The lateral wall is formed primarily by the orbital surface of the zygomatic bone and the greater 
wing of the sphenoid bone. The sphenoid portion of the lateral wall is separated from the roof by the 
superior orbital fissure and from the floor by the inferior orbital fissure. 

The medial wall is quadrangular in shape and composed of four bones: ( I )  the ethmoid bone 
central ly;  (2 )  the frontal bone superoanteriorly; (3 )  the lacrimal bone inferoanteriorly; and (4) the 
sphenoid bone posteriorly. The medial wall is quite thin; the ethmoidal portion has been termed the 
lamina papyracea (paper-l ike), which is the largest component of the medial wal l .  

5 .  Which is the  only bone that exists entirely within the  orbital confines? 
The lacrimal bone. 

6. Which nerve traverses the floor of the orbit? 
The infraorbital nerve. The infraorbital groove courses forward from the inferior orbital fissure. 

Anteriorly, the groove becomes a canal within the maxi lla, finally forming the infraorbital foramen on 
the anterior surface of the maxilla. The groove and canal h·ansmit the infraorbital nerve and artery. 

7. The bony orbit is cyl indrical. True or false? 
False. It is described as conical or pyramidal ly shaped, but neither term is completely accurate. 

The widest diameter of the orbit i s  located just behind the orbital rim approximately 1 .5 cm wi thin 
the orbital cavity. From this point posteriorly, the orbit narrows dramat ically in its middle and poste
rior thirds. The orbital rim is an el l iptically shaped structure, whereas the orbit immediately behind 
the rim is more c i rcular in configurat ion. The floor of the orbit has no sharp demarcation with the 
medial wal l but proceeds into the wall by t i l t ing upward in i ts medial aspect at a 45° angle. The 
medial wal l has a quadrangular rather than a triangular configuration. 

8. Which bone is the keystone of the orbit'? 
The sphenoid bone. All neurovascular structures to the orbit pass through this ne. 

9. How deep is the orbit? 
Orbital depth measured to the optic strut (the bone between the optic foramen and superior or

bital fissure) varies from 45-55 mm. At the entrance orbital height measures appro"<imately 35 mm 
and orbital width approximately 40 mm. 

10. Where is the optic foramen located? What about the optic canal? 
The optic foramen is  situated medial to the superior orbital fissure within the ubstance of the 

lesser wing of the sphenoid. I t  is found at the junction of the lateral and medial walls of the orbit in 
its far posterior position. It is  close to the posterior portion of the ethmoid sinus, not at the true apex 
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of the orbit. The posterior ethmoidal vessels are found within 5 mm of the optic nerve. The optic 
nerve is  usual ly located 40-45 mm behind the infraorbital rim. 

The optic canal is  4- 1 0  mm in length. The optic nerve and ophthalmic artery pass through the 
optic canal from an intracranial to an intraorbital position. The canal is  formed medially by the body 
of the sphenoid and laterally by the lesser wing. The bony optic canal forms a tight sheath around the 
optic nerve; fractures with swel l ing predispose to vascular compression of the nerve in the canal .  

1 1 .  Where is the  superior orbital fissure located? Which structures pass through it? 
The superior orbital fissure is a 22-mm cleft that runs outward, forward, and upward from the 

apex of the orbit. This fissure, which separates the greater and lesser wings of the sphenoid and l ies 
between the optic foramen and the foramen rotundum, provides passage to the three motor nerves to 
the extraocular muscles of the orbit-the ocu lomotor nerve (CN I I I ) ,  trochlear nerve (CN IV ) ,  and 
abducens nerve (CN VI) .  The ophthalmic division of the trigeminal nerve (CN V1 ) also enters the 
orbit through this fissure. 

12. Nothing passes through the inferior orbital fissure. True or false? 
False. The inferior orbital fissure, which separates the greater sphenoid wing ponion of the lateral 

wall  from the floor, permits passage of ( 1 )  the maxi l lary d ivis ion of the trigeminal nerve (CN V2 ) 
and i ts  branches ( i ncluding the infraorbital nerve) ;  (2 )  the infraorbital artery; ( 3 ) branches of the 
sphenopalatine gangl ion; and (4) branches of the inferior ophthalmic vein to the pterygoid plexus. 

13. What is Tenon's capsule? 
Tenon's capsule is a fascia! structure that subdivides the orbital cavity into two halves-an ante

rior (or precapsular) segment and a posterior (or retrocapsular) segment. The ocular globe occupies 
only the anterior half of the orbital cavity. The posterior half of the orbital cavity is  fi l led with fat, 
muscles, vessels, and nerves that supply the ocular globe and extraocular muscles and provide sensa
tion to the soft tissue surrounding the orbit. 

14. What is the anulus of Zinn? 
The anulus of Zinn, or common tendinous ring, is the fibrous thickening of the periosteum from 

which the recti muscles originate. 

15. What are the functions of the extraocular muscles? 
Lateral rectus muscle: abduction 
Medial rectus muscle: adduction 
Inferior rectus muscle: depression, adduction, and extorsion (extorsion-the superior pole of 

globe moves lateral ly)  
Superior rectus muscle: elevation, adduction, and intorsion ( intorsion-the superior pole of 

the globe moves med ially) 
Superior oblique muscle: depression, abduction, and intorsion 
Inferior oblique muscle: elevation, abduction, and extorsion 

16. Why is the medial canthal tendon so important? 
The medial canthal tendon is a complex of fascia! support mechan isms that includes anterior, 

posterior, and vertical components. They insert in the frontal process of the maxi l la (the medial orbital 
margin) from the anterior lacrimal crest to the nasal bone. The orbicularis ocu l i  muscle originates 
from the medial canthal tendon. In addition. branches of the canthal tendon divide to extend through 
the upper and lower eyel ids and to attach to the medial margin of the tarsal plates. Therefore, release 
of this tendon, as with fractures of the medial orbital wal l ,  may result in telecanthus (an increase in the 
distance between the medial canthi,  which may create the i l lusion of hypertelorism when bi lateral ) .  

17. Distinguish between intraconal and extraconal fat. Which is  important for globe support'? 
The orbital fat can be divided into anterior and posterior portions. The anterior, extraocular fat is 

largely extraconal, which means that it exists outside the muscle cone. Posteriorly, only fine fascia! 
communications separate the extraconal from the intraconal fat compartments. Intraconal fat con
stitutes three-fourths of the fat in the posterior orbit and may be displaced outside the muscle cone, 
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contributing to a loss of  globe support from loss of  soft tissue volume. The fat on the  anterior portion 
of the orbital floor is  extraconal and does not contribute to g lobe support. 

PATHOLOGY 

18. What physical findings suggest an orbital fracture? 
Periorbital edema, ecchymosis, and subconjunctival hemorrhage are seen with most orbital frac

tures. Fractures of the anterior orbit are characterized by palpable bony step-offs and sensory nerve 
disturbances; fractures of the middle orbit by changes in the position of the globe, oculomotor dys
function, and diplopia; and fractures of the posterior orbit by visual and oculomotor disturbances. 

19. What is a Marcus Gunn pupil? 
With lesions involving the retina or optic nerve back to the chiasm, a l ight shone in the unaf

fected eye produces nOimal constriction of the pupils of both eyes (consensual resp nse) .  However, 
a l ight shone in the affected eye produces a paradoxical di lation rather than constriction of the af
fected pupi l .  This afferent pupil lary defect is referred to as a Marcus Gunn pupi l .  Such les ions, as 
well as globe rupture, lens dis location, and vi treous hemorrhage, are uncommon but may accom
pany orbital fractures and underscore the need for an ophthalmologic evaluation in all cases of or
bital fractures upon presentation. 

20. What is the best radiographic study for diagnosis of an orbital fracture? 
CT scan. Axial scans at 3-mm intervals demonstrate abnormal i ties of the medial and l ateral 

walls and identify fractures of the nasoethmoidal region. Coronal scans, obtained by direct or refor
matted images, demonstrate fractures of the orbital floor, roof, and interorbital space. In the absence 
of a CT scan, a Waters view is often sufficient to diagnose an orbital floor fracture; it al lows v isual
ization of blood in the maxi l lary sinus as wel l  as orbital floor depression and herniation of orbital 
contents. Other findings that may include disruption of the medial wall and separation of the zygo
maticofrontal (Z-F) suture. 

2 1 .  What is the most common orbital fracture? 
Zygomaticoorbital or malar complex fractures are the most common. Moderately displaced zy

gomatic injuries are frequently associated with fractures of the lateral orbital wal l with comminution 
of the orbital floor and infraorbital rim. 

Fractures of the zygoma. A, Nondisplaced: the lateral canthus maintains normal position. B,  Displacement of the 
zygoma and orbital floor: downward displacement of the globe and lateral canthus results. (From McCarthy JG 
(ed):  Plastic Surgery. Philadelphia, W.B. Saunders, 1 990, p 995, with permission.) 

Zygomatic fractures may require orbital floor reconstruction, depending 
on the extent of the fracture. (From Smith JW, Aston SJ (eds): Grabb and 
Smith's Plastic Surgery, 4th ed. Boston, Little, Brown, 1 99 1 ,  p 364. w i th 
permission.) 
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22. What is the most common site of an isolated intraorbital fracture? 
The most frequent intraorbital fracture involves the orbital floor just  medial to the infraorbital 

canal and is usually confined to the medial portion of the floor and the lower portion of  the medial 
orbital wal l .  Depressed fractures involving this portion of the orbit may al low the orbital soft tissue 
to be displaced into the maxi l lary and ethmoid sinuses, effectively increasing orbital volume. 

Orbital blow-out fracture (leji). Orbital 
floor reconstruct ion wi th  bone graft 
(right). (From Smith JW, Aston SJ (eels): 
Grabb and Smi th 's P lastic Surgery, 4th 
eel. Boston, Little, Brown, 1 99 1 ,  p 37 1 ,  
with permission.) 

23. What is a "blow-out" fracture? What is the responsible mechanism? 
A blow-out fracture is  caused by a traumatic force applied to the orbital rim or globe and usu

ally results in a sudden increase in intraorbital pressure. The incompressible intraorbital contents are 
displaced posteriorly, and the traumatic force is transmitted to the thin orbital floor and medial orbital 
wal l ,  which are the first to fracture. The mechanism usual ly  involves direct force transfer from the 
orbital rim to the orbital floor and medial wal l ,  result ing in buckl ing and fracture. Force transfer 
through the globe occurs less frequently; otherwise, global injuries would accompany orbital fractures 
more often. Intraorbital contents often herniate through the fractured site and may become incarcer
ated by the edges of the fracture or by a "trapdoor" displacement of a segment of thin orbital bone. 

-

-

A B 
Mechanism of a blow-out fracture. A traumatic force applied to the rim or globe produces a fracture of the orbital 
floor with entrapment of orbital soft t issue contents. The inferior oblique and inferior rectus muscles and adjacent 
fat are often involved. (From Converse JM, Smith B: Enophthalmos and cliplopia in fractures of the orbital floor. 
Br J Plast Surg 9:265, 1 957, with permission.) 

24. What is the difference between pure and impure blow-out fractures? 
Pure blow-out fractures involve the thin areas of the orb ital floor, medial wal l ,  and lateral 

wal l .  The orbital rim, however, remains intact. Impure blow-out fractures are associated with frac
ture of the adjacent facial bones. The th ick orbital rim is also fractured; its backward displacement 
causes comminut ion of the orbital floor. Transmission of the traumatic force to the orbital contents 
produces a superimposed blow-out fracture. 

25. Hypoesthesia or anesthesia in the distribution of which nerve is seen in 90-95% of orbital 
floor fractures? 

The infraorbital nerve. 

26. How can entrapment of orbital contents be diagnosed in a comatose patient? 
Diagnosis is  made by performing a forced duction test. The insertion of a rectus muscle onto the 

ocular globe is grasped with a forceps approximately 7 mm from the l imbus. The globe is then gently 
rotated in all four directions and any restriction noted. The inferior rectus muscle is  usually used, al
though the superior, medial or lateral recti muscles may be used as wel l .  
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27. What are the goals of surgical treatment of orbital fractures? 
The goals of surgical treatment are ( 1 )  reduction/release of any herniated or emrapped orbital 

contents and (2) restoration of normal orbital architecture .  Intraorbital soft t i ssue contents must be 
freed from any fracture s i tes. Range of motion of the ocular globe after freeing of the orbital soft 
t i ssue should be confirmed by an intraoperative forced duction test. This test should be performed 
before the entrapped tissue is released, after release, and again after insertion of any material used to 
reconstruct the orbital floor. 

28. What are the principles of orbital fracture management? 
The principles of orbital fracture management are ( l )  stabilization and reconstruction of the or

bital ring (medial orbital, lateral orbital, supraorbital, and infraorbital rims); ( 2 )  reconstruction of or
bital floor defects; and (3 )  repair and redraping of orbital soft tissue, inc luding the medial and lateral 
canthal tendons. Su fficient exposure of all fracture sites is  necessary to permit  adequate reduction 
and fixation of a l l  fracture fragments. This goal is achieved ei ther by interosseou wiring or mi
croplate/miniplate and screw fixation of the fractures with or without the need for bone graft ing. The 
integrity of the orbital floor is restored either with bone grafts or inorganic implants. The purpose of  
the orbital floor insert, whether a bone graft or  an inorganic implant, is  to reestablish the size of the 
orbital cavity. Occasional ly, the depressed segment of orbital floor can be retrieved and, if of suffi
cient size and appropriate configuration, rotated 90° to provide coverage of the floor defect. Any ma
terial used for floor reconstruction should be anchored to prevent displacement or extrus ion of the 
materia l .  Medial and/or lateral canthopexies are performed, when necessary, to restore proper sus
pension of the orbital globe. 

29. What materials are used to reconstruct the orbital floor? 
• Autogenous bone grafts (spl i t  calvarial, i l iac, or spl it rib) (see figures in questions 2 1  and 22) 
• A l logenic bone grafts (radiated caclaveric tibia) 
• Inorganic al loplast ic materials (e.g, Medpor, S i lastic, Yita l l i um, stainless stee l ,  Teflon, 

S upramid, or titanium implants) .  

30. What are the most frequent sequelae of inadequately treated fractures of the orbital floor? 
Diplopia and enophthalmos. 

31. What is the principal mechanism responsible for post-traumatic enophthalmos? 
Displacement of a relatively con tant volume of orbital soft tissue into an enlarged bony orbital 

volume. Fat atrophy does not appear to play an etiopathogenic role. Enophthalmos in excess of 5 mm 
resu lts in a noticeable deformity. Correct ion of enophthalmos involves correction of orbital cavity 
size and restoration of the shape of its wal l s  to their original configuration. 

32. What is d iplopia? Is it always an indication for surgery? 
Diplopia is  a fancy term for double v ision and is rarely an indication for surgery. I t  is  usual ly 

transient and, if  present only at the extremes of gaze rather than within a functional field of vision, is  
not a critical symptom. I t  is commonly attributed to hematoma or edema that causes muscular im
balance by e levating the ocular globe or to injury of the extraocular musculature and temporary ef
fects on the oculorotary mechanism. 

33. What are the major surgical indications for orbital fracture repair? 
Muscle entrapment and increased orbital volume. Entrapment, which is confirmed by a forced 

duction test and CT scan demonstrating soft t issue incarceration, warrants early explorat ion .  In
creased orbital volume secondary to significant fractures that have an area > 2 cm2 of displaced or
bital wall may resul t  in globe displacement (enophthalmos and globe dystopia) and also necessitates 
fracture repair. Enophthalmos secondary to a floor defect is  managed with a lower lid or transcon
junctjval incision. Enophthalmos secondary to expansion of the medial wall can be approached from 
the floor if the enlargement is in the lower half of the medial orbital wal l .  Otherwise, a coronal in
c is ion i s  warranted. Enophthalmos secondary to lateral wal l involvement usual ly  requires a coronal 
incision. 
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34. What compl ications are associated with fractures of the orbital roof? 
Fractures of the orbi tal roof usually involve the supraorbital ridge, frontal bone, and frontal 

s inus and frequently reduce orbital volume. Globe displacement occurs in an inferolateral direction 
and may result in proptosis. The trochlea of the superior oblique muscle is  often damaged because of 
its proximity with the surface of the roof, resulting in transitory diplopia. CN YI may be traumatized 
with orbital roof fractures, resulting in paralysis of the lateral rectus muscle and l imitation of ocular 
abduction. Additional complications include dural tears, anterior cranial base injuries, cerebrospinal 
fluid leaks, cerebral herniation, and pulsatile exophthalmos. 

35. Which fracture may result in an antimongoloid slant of the palpebral fissure? Why? 
l nferoposterior displacement of a malar complex or zygoma fracture causes an antimongoloid 

slant. This slant results from the inferior displacement of the lateral canthal tendon, which moves 
with the fractured lateral orbital wal l .  

36. How is the orbital floor approached surgically? 
There are mult iple approaches lo the orbit. The bicoronal incision, popularized by Tessier, pro

v ides wide acces to the orbits, nose, and zygomas as well as the cran ium. It is the preferred incis ion 
for extensive surgery, especia l ly when the orbital roof must be visual ized and the orbital contents 
must be mobil ized 360°. 

The subciliary lower eyelid incision begins approximately 2-3 mm below the lash l ine and ex
tends from the punctum to 8- l 0 mm lateral to the lateral canthus (see top figure, next page). This in
cision is  made through the skin, and the dissection is continued to the inferior edge of the tarsus. A 
skin-muscle flap is then raised from the tarsus; the septum orbitale is fol lowed below the tarsus unt i l  
the rim of the orbit is reached. An incision is made through the periosteum on the anterior aspect of  
the orbital r im to avoid damaging the septum, which inserts on the anterolateral portion of the orbit 
at the recess of Eisler. The periosteum is then elevated from the rim and orbital floor. This approach 
al lows easy access to the lateral and medial wal ls  and floor of the orbit .  

The subci l iary eyel id incis ion. A, Incision design. B. Exposure of the septum orbitale. C. Sagittal section demon
strating the skin incision extended through the orbicularis oculi muscle and the path of dissection over the septum 
orbitale to the orbital rim. D, Periosteum of the orbit ( periorbi ta)  i s  elevated from the orbital floor. (From 
Converse JM.  Cole JG. Smith 8: Late treatment of blowout fractures of the floor of the orbit. A case report. Plast 
Reconstr Surg 28: 1 83. 1 96 1 ,  with permission . )  

The mid-lid incision is performed within the lid crease, 4-5 mm below the ci l iary margin. This 
incision avoids many of the problems associated with the subcil iary incision. 

The transconjunctival incision, advocated by Tessier for correction of craniofacial anomalies 
and by Converse for posttraumatic deformities, is made through the conjunctiva, capsulopalpebral 
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fascia ( l id retractors), and periosteum to the orbital rim. This incision directly exposes the orbital fat 
without incising the septum orbitale and avoids an external scar. When combined with a lateral can
thotomy incision, this approach provides exposure of all four walls of the orbit. 

The transconjunctival incision combined with a lateral canthotomy. A,  Incision design. B,  Sagittal section demon
strating the incision through the conjunctiva, capsulopalpebral fascia, and periosteum to the orbital rim.  The pre
septal approach is  used to prevent herniation of periorbital fat i nto the operative field. ( From Manson PN,  
Markowitz BL:  Fractures of the  orbit and nasoethmoidal bones. I n  Cohen M (ed) :  Mastery of Plastic and 
Reconstructive Surgery. Boston, Little, Brown, 1 994, p 1 1 47, with permission.) 

The lateral brow incision provides exposure of the frontozygomatic suture and part of the lat
eral wal l  and roof of the orbit. 

Medial canthal incisions are usual ly made in a curvilinear direction. They provide excel lent 
exposure of the medial canthus, medial wall of the orbit, and nasal bones. 

The intraoral approach provides excel lent exposure of the inferior orbital rim, maxil la,  and 
zygoma. 

37. Which incision has the greatest propensity for complications such as scleral show or  
ectropion? 

The subci l iary incision. Sciera! show and ectropion are frequent sequelae after lower l id surgery 
due to l i d  retraction. Many of these conditions improve with t ime, but permanent scarring with in 
the lower eyel id  may result  i n  permanent deformity that  requires release of scar t issue and even 
grafting. 

38. Is the Caldwell-Luc approach to the orbital floor a wise one? 
Absolutely not. Reduction of orbital contents through a Caldwel l-Luc transmax i l lary approach 

is potential ly dangerous because i t  is a blind approach. Complete reduction of herniated orbital con
tents is therefore not ensured, and thorough exploration of the orbital floor is not possible. 

39. What is the superior orbital fissure syndrome? 
Fractures involving the superior orbital fissure produce a combination of cranial nerve palsies 

known as the superior orbital fissure syndrome. The syndrome consists of ptosis of the eyelid, prop
tosis of the globe, paralysis of cranial nerves I l l ,  IV, and VI ,  and anesthesia in the di tribution of the 
first (ophthalmic) division of the trigeminal nerve (CN V1 ) .  Sensory disturbances of the forehead, 
upper eyelid, conjunctiva, cornea, and sclera are seen. 

40. What is the orbital apex syndrome? 
If b lindness occurs in combination with the superior orbital fissure syndrome, the condition is 

referred to as the orbital apex syndrome. 

41 .  What is an NOE fracture? 
Medial orbital wall fractures often accompany orbital floor fractures and are sometimes an undi

agnosed cause of residual postoperative enophthalmos. More severe medial orbital wal l  fractures 
usual ly involve the naso-ethmoidal structures and thus are referred to as nasoethmoidal-orbital frac
tures or nasoorbital-ethmoidal fractures-or simply NOE fractures. 
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Bi lateral comminuted nasoethmoiclal-orbital frac
tures. Note displacement of the medial orbital 
wal l  fragments containing the attachment of the 
medial canthal tendons. (From Manson PN, 
Markow itz BL: Fractures of the orbit and na
soethmoiclal bones. In Cohen M (ed): Mastery of 
Plastic and Reconstructive Surgery. Boston, Little, 
Brown, 1 994, p I I 50, with permission . )  

42.  What classic clinical findings are associated with an NOE fracture? 

1 5 5 

Telecanthus and a saddle nose deformity. NOE fractures consist of injury to one or both frontal 
processes of the maxi l la  and nose. The frontal process of the maxi l la contains the attachment of the 
medial canthal l igament.  If the med ial orbital rim and its canthal attachment are d is located , the 
resul t  is  telecanthus, which is  an increase in the distance between the medial canthi ( intercanthal 
distance). In contrast to orbital hypertelorism, the orbit itsel f  is not displaced laterally. The pseudo
hyperteloric appearance of the orbits is accentuated by the flattening and widening of the bony 
dorsum of the nose. As a result, the eyes appear far apart. The most reliable c l in ical sign of an NOE 
fracture is  movement of the frontal process of the maxi l la  on direct finger pressure over the medial 
canthal l igament. 

43. How can the intercanthal distance be preserved after an NOE fracture? 
The most important step in the management of an NOE fracture is performance of a transnasal 

canthopexy. The segment of bone to which the medial canthal tendon is attached is mobil ized so that 
dri l l  holes may be placed behind the canthal l igament for transnasal wires .  Two paral lel holes are 
placed in the most superior and posterior aspects of the bone fragment, above and posterior to the 
lacrimal Fossa. Interosseous wires are used to l ink the medial orbital rim with the frontal bone, nasal 
bones, and inferior orbital rim. The bone fragments attached to the medial canthal l igament are then 
reduced and secured to the surrounding bone by interosseous wires. Two 26-gauge wires are then 
passed through the canthal l igament fragment from one frontal process to the other and tightened. 
This procedure preserves the intercanthal distance and corrects the telecanthus. 

44. What is the surgical approach to the treatment of an NOE fracture? 
Three incisions-coronal, subcil iary or mid-lid, and maxi l lary gingivobuccal sulcus-are usu

al ly necessary to expose adequately the nasoethmoidal-orbital region. NOE fractures are complex 
and require specific reduction and fixation techniques based on the pattern and comminution of  the 
fracture. A combination of interfragmentary wiring and plate and screw fixation is necessary to re
construct the medial orbital wal l ,  inferior orbital rim, nasofrontal junction, nasomaxi l l ary buttress, 
and nasal bones. Despite interfragmentary wiring, the nasal dorsum almost always requires augmen
tation with a cantilever bone graft. 
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2 9 .  F RACTU RES O F  TH E ZYG OMA 

Gregory H .  Pastrick, M D ,  and J a ck  R .  Bevivino , M D 

1 .  Describe the anatomy of the zygoma. 
The zygoma is a pyramidal bone of the midface. Its anterior convexity gives prominence to the 

ma J ar eminence of the cheek, and its posterior concavi ty helps to form the temp ral fossa. The 
zygoma forms the superolateral and superoanterior pottions of the maxi l lary sinus. I t  articulate with 
the frontal, temporal ,  maxi l l ary, and sphenoid bones .  Superol aterally, the frontal process o f  the 
zygoma articulates with the zygomatic process of the frontal bone and forms the lateral orbital wal l 
along with its intraorbital articulation with the sphenoid bone. The temporal process of the zygoma 
posterolaterally articulates w ith the zygomatic process of the temporal bone to create the zygomatic 
arch. The broad articulation inferiorly and medially with the maxi l la  forms the zygomaticomaxi l lary 
(ZM) buttress, the major buttressing structure between the m idface and the cranium. as well as the 
infraorbital rim and lateral part of the orbital floor. 

A 

The zygoma and its articulating bones. A .  The 
zygoma aniculates with the frontal ,  sphenoid, 
maxil lary, and temporal bones. The dots show 
the ponion of the zygoma and the max i l la oc
cupied by the maxi l lary sinus. B,  Lateral view 
of the zygoma. (From Manson PN: Facial 
I njuries. I n  McCarthy JG (ed) : Plastic Sur
gery. Philadelphia, W. B .  Saunders, 1 990, with 
permission.) 

2. What is the pattern of the typical zygomatic or malar complex fracture? 
Because of natural points of structural weakness in the area of the zygoma, a reproducible pat

tern of zygomatic complex fractures frequently occurs. Typical ly, the fracture l ine travels through 
the zygomaticofrontal (ZF) region and into the orbit at the zygomaticosphenoidal suture to the infe
rior orbital fissure. Anterior to the fissure, the fracture involves only the maxi l la, where it traverses 
the orbital floor and infraorbital rim, goes through the infraorbital forarnen, and continues inferiorly 
through the zygornaticomaxi l lary buttress. Posterior to the buttress, yet st i l l  in continuity, the lateral 
wall of the max i l lary sinus is fractured. In addition, the zygomatic arch is  fractured at i ts weakest 
point, about l .5 cm posterior to the zygomaticotemporal suture, in the zygomatic process of the tem
poral bone. This typical fracture pattern is commonly encountered, but great variety exists depend
ing on factors such as the direction and magnitude of the force, the densi ty of the adjacent bones, 
and the amount of soft tissue covering the zygoma. Frequently, only isolated arch fractures occur. 
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Common fracture pattern in zygomatic complex injury. A .  Frontal view of sku l l  showing fracture medial to zygo
maticomax i l lary suture and along zygomaticosphenoid suture wi th in orbit. B, Oblique frontal v iew of sku l l  
showing fractures through frontozygomatic suture and posterior to zygomaticotemporal suture. C. Temporal 
view of skull showing fractures extending from the inferior orbital fissure both superiorly through the zygomat i 
cosphenoid suture and inferiorly through the zygomatic buttress of the max i l la. (From Ell is E I l l :  Fractures of the 
zygomat ic complex and arch. I n  Fonseca RJ, Walker RV (eds): Oral and Maxi l lofacial Trauma. Phi lade lphia, 
W.B .  Saunders, 1 99 1 ,  with permission . )  

3. Why is the commonly used term tripod fracture a misnomer for zygomatic complex fractures? 
Tripod fracture has been used to consolidate the typical fracture pattern of the zygomatic com

plex into a concise descriptive term that reflects the configuration of the complex as i t  relates to ad
jacent bones. It wrongly impl ies, however, that three legs, or processes, are involved. In real i ty the 
usual zygomatic complex fracture involves four major processes: the zygomaticofrontal region, in
fraorbital rim, zygomaticomaxi l lary buttress, and zygomatic arch. 

4. How are zygomatic fractures classified? 
Many classification systems can be found in the l iterature. Most  are based on the anatomic posi

tion of the displaced bone as seen radiographical ly  and are designed to gu ide the surgeon in treat
ment. The most commonly quoted classification system is that of Knight and North. 

Classifica1io11 of Matar Frac/Ures 

Undisplaced 
Displaced 

A rch 

Body 
Simple 

Depress ion without rotat ion 
Depress ion w ith medial rotation 
Depression w ith lateral rotation 

Complex 

Group I (7 cases) = 6% 

Group I I  ( 1 2  cases) = I 0% 

Group l l l  (39 cases) = 33% 
Group IV (24 cases ) = 1 1  % 
Group Y (26 cases) = 22% 
Group YI (23 cases) = 1 8% 

From Knight JS,  North JF: The classification of malar fractures: An analysis of displacement as a guide to treat
ment. Br J Plast Surg 1 3 :325-339, with permission. 

S. What are the signs and symptoms of zygomatic fractures'? 
• Pain 
• Diplopia 
• Periorbital ecchymosis and edema 
• Subconjunctival ecchymosis 
• Unilateral epistaxis due to tearing of the ipsi lateral maxi l lary sinus mucosa 
• Subcutaneous emphysema 
• Flattening of the malar prominence or over the zygomatic arch 
• Palpable bony step-off at the ZF suture, infraorbital rim, and ZM buttress 
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• Gingival buccal sulcus ecchymosis or hematoma 
• Antimongoloid s lant of the lateral palpebral fissure due to downward disp lacement of the 

attachment of the lateral palpebral l igament on Whitnall 's tubercle of the zygoma 
• Orbital dystopia from downward displacement of Lockwood 's l igament 
• Lower lid retraction from downward displacement of the orbital septum 
• Enophthalmos 
• Upward gaze lag secondary to entrapment of the orbital contents, including the inferior rectus 

muscle 
• Infraorbital nerve sensory disturbance 
• Trismus (see question 6) 
The above l is t  describes the spectrum of symptoms and physical findings clue to fractures of the 

zygoma, yet in any patient only some of them may be found. 

6. What is the mechanism of trismus caused by fracture of the zygoma? 
The coronoid process of the mandible is closely associated anatomical ly wi th the zygoma. 

Displaced fractures of the body or arch of the zygoma may impinge on the coronoicl process, thereby 
inte1fering with its movement. Trismus, however, also may be secondary to edema or muscle spasm 
of the temporal is  or masseter muscles. 

Fracture of the zygomatic arch with medial  
displacement against the coronoid process of 
the mandible, l im i t ing mandibular mot ion.  
(From Manson PN: Facial injuries. I n  Mc
Carthy JG (ed) :  Plastic Surgery. Phi ladelphia, 
W.B. Saunders, 1 990, wi th permission.) 

7. Which diagnostic images provide the most information in  evaluating and formulating a 
treatment plan for zygomatic fractures? 

A CT scan shows in detail the location of the fractures, displacement of the bone , and status of 
the soft t issues. Axial views are best to evaluate the lateral orbital wall and zygomatic arch, whereas 
coronal v iews are necessary to determine the extent of orbital floor involvement. Posteroanterior 
oblique (Waters) and submental vertex ("jughandle") roentgenograms are the two most useful plain 
films for evaluating these fractures, but CT scan is currently the diagnostic imaging tool preferred by 
most surgeons. 

8. Which zygoma fractures require surgical intervention? 
Surgical intervention should be based on both cl inical and radiographic findings. Fractures that 

display significant displacement and/or instability require operative intervention to correct immedi
ate problems or to prevent long-te1m sequelae such as facial clysmorphism, enophthalmos, or orbital 
dystopia. The long-term sequelae are much more difficu l t  to correct once fracture healing is  com
plete. Studies show that 9-50% of zygomatic fractures do not require operative treatment. 

9. When is the optimal time to operate on zygomatic fractures? 
There are important points to keep in mind in deciding when to operate on zygomatic fractures. 

Zygomatic fractures are not emergencies, and any associated l i fe-threatening injuries must be ad
dressed first. Initially soft tissue edema makes open reduction more difficult and may compromise the 
final result, but delay in intervention beyond the time for soft tissue fibrosis and fracture heal i ng to 
occur (3-4 weeks) makes simple repositioning of the bones difficult. Ideally, open reduction should 
be performed on an otherwise uninjured patient before the onset of edema, but in reality this rarely 
occurs. Waiting several days for edema to resolve and, in the case of multitrauma, for the patient to 
stabilize does not compromise the surgical outcome and often results in better surgical results. 
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1 0. How does one determine that a displaced, noncomminuted zygomatic complex fracture has 
been properly reduced? 

Of the four major processes (see question 3), at least three must be aligned under direct v ision to 
ensure anatomic reduction of the entire complex. Integrity of the orbital floor also must be asce1tained. 

1 1 . How are unstable zygomatic complex fractures stabilized after reduction? 
Currently plate and screw fixation is  used most frequently and is appl ied at the fractures at the 

ZF suture,  infraorbi tal rim, and ZM buttress. S imil arly, interfragment w iring may be used. Even 
stainless steel pins passed percutaneously from the zygoma to the maxi l l a  or contralateral zygoma 
have been used for fixation. 

12. Which zygoma fractures are unstable? 
Many different opinions abound in the debate over which zygoma fractures are unstable and re

quire fixation. Most agree that comminuted fractures are unstable. Some believe that the downward 
pul l  of the masseter muscle on the zygomatic body ( i ts origin) makes a zygomatic complex fracture 
inherently unstable. However, some studies do not support this contention. Others say that wide sep
aration at the ZF suture makes it unstable. The wide range ( 1 3- 1 00% in a study of 2 1  s urgical 
groups) in the percentage of zygomatic fractures requiring fixation after surgical reduction indicates 
the differences of opinion on this issue. 

13. How are isolated displaced zygomatic arch fractures treated? 
Zygomatic arch fractures displace medially. Probably tJ1e most popular approach to elevate a medi

ally displaced zygomatic arch fracture is that described by Gil lies (see question 14) .  Many surgeons be
l ieve that these fractures, once reduced, are stable because of the suppo1t of the underlying edematous 
temporal is muscle and require no fixation as long as no pressure is  exerted to the ipsi lateral face post
operatively. Fixation, if necessary, can be achieved by passing percutaneous sutures or wires around the 
arch fragments and tying them to an external device such as an aluminum finger splint or tongue blade. 
On occasion open reduction and fixation via a coronal or preauricular incision may be necessary. 

14. Describe the "Gillies approach" to the zygoma. 
A 2-cm incis ion is made obliquely in the temporal scalp about 2.5 cm anterior and 2.5 cm supe

rior to the helix of the ear, avoiding injury to the branches of the superficial temporal artery. The in
c ision i s  carried down to the g l i stening, white temporal fascia ,  which i s  then inc ised. The plane 
between the fascia and the underlying temporalis muscle is  bluntly developed inferiorly with a pe
riosteal elevator down to the zygomatic arch to which the fascia attaches. An elevator or other rigid 
instrument is  then easily passed beneath (medial to) the arch or body of the zygoma to elevate it .  

1 5. Name four standard approaches to the infraorbital rim and orbital floor. 
The subci l iary or blepharoplasty incision, the lower eyelid or subtarsal incision, the in fraorbital 

incision, and the transconjunctival incision. 

Common incisions 10 approach the zygoma. (From Ellis E 
I I I :  Fractures of the zygomatic complex and arch. In Fon
seca RJ, Walker RV (eds): Oral and Maxi llofacial Trauma. 
Philadelphia, W.B .  Saunders, 1 99 1 ,  with permission.) ·=·�:::::::.�::::,�: .. , .. • • .  • • • • • . • . • • • • lower eyelid incision 

· • • . • • • • • • . •  , • • • • • infraorbital incision 

16 .  What are the common approaches to the lateral orbital rim? 
The lateral brow incision, lateral extension of the subci l iary incision, and lateral extension of the 

upper eyelid blepharoplasty incision. 

17. What are the advantages of the coronal incision for reduction of zygomatic fractures? 
The coronal incision gives excellent exposure to the orbit, zygomatic body, and zygomatic arch. 

It is  helpful in comminuted zygoma fractures, and the scar remains hidden in the hairline. 
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18. How can a displaced zygomatic complex fracture be  reduced with no external scar? 
Through a gingival buccal sulcus incision, access is gained to die infratemporal surface of the 

zygoma. A rigid instrument is  then passed into this space to elevate and reduce the fracture. This in
cision also is  commonly used to gain access to the ZM buttress for plating. 

19 .  What is probably the most feared complication after surgical treatment  of zygoma 
fractures? 

Albeit rare, bl indness may result from direct damage to the optic nerve due to displacement of a 
bony fragment or fracture of the optic canal; edema that causes compression of the nerve; or retrob
ulbar hematoma. Preoperative opthalmologic assessment of both eyes is imperative. Preexist ing 
blindness in the contralateral, uninvolved eye is a relative contraindication to treatment because sur
gical reduction compl icated by bl indness in the eye on the involved side would be absolutely devas
tating to the patient (and surgeon). 

20. How is malunion of the zygoma treated? 
When minor deformity is  present without orbital involvement or when comminution precludes 

reposi tioning of the zygoma en bloc, p lacement of subperiosteal implants may be used to restore 
normal malar contour. When more pronounced defom1ity exists along with functional deficits, zygo
matic osteotomy to recreate the fracture, fol lowed by bony repositioning, fixation, and possible bone 
grafting, is  the only surgical option. 

21 .  What is the treatment for fibroosseous ankylosis between the zygomatic arch and coro
noid process of the mandible following zygoma fractures? 

Coronoidectomy. 
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3 0 .  FRACTURES O F  THE MAXIL LA 

Geoffrey C Fen ner, M D , a nd S. Anthony Wolfe, M D .  

1 .  Who was L e  Fort? What are L e  Fort fractures? 
Rene Le Fort was a French surgeon who at the end of the last century was interested in the pat

terns of midfacial  fracture. He pe1forn1ed a number of experiments on cadaver heads, dropping them 
from the top floor of bui ldings onto a paved courtyard or striking them with a p iano leg. He deter
m ined three basic fault  l ines along which the face fractured. In his init ial  descript ion, the highest 
facia l  fracture was referred to as no. 1 and the lowest as no. 3 .  

I n  current parlance, the Le Fort I fracture refers to the transmaxi l lary fracture that goes through 
the m ax i l l a  at  about the level of the pir iform rim. The Le Fort I I  fracture occurs through the na
sofrontal junction, and runs through the nasal processes of the maxi !  la and medial portion of the in
ferior orbital rim and then across the anterior maxilla, and extends back to and through the pterygoid 
p lates. The Le Fort I I I  fracture is a craniofacial disjunction with a separation at the frontozygomatic 
suture, nasofronta1 junction, medial  orb i tal wal l ,  orbital floor, and zygomatic arch l ateral ly. The 
maxi l la  below is intact in a pure Le Fort III fracture (see figure at top of next page). 
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Le Fort I ,  1 1 ,  and I l l  fractures. 

2. How do you clinically diagnose a midfacial fracture? 
Diagnosis is reasonably easy in patients with displacement. Examine the occlusion. A displaced 

maxillary fracture is associated with malocclusion, and if the patient is awake, he or she usually can say 
that the bite relationship is altered. With the patient's mouth open, grasp the premaxil la and see if any 
movement can be el ici ted while holding the patient's head stable with the other hand. With impacted 
fractures it may not be possible to elicit movement. If  movement is possible, the level of the fracture can 
easily be determined by palpation of the nasofrontal junction, lateral orbital rim, and infraorbitaJ rims. 

3. What is the difference between a Le Fort fracture and a Le Fort osteotomy? 
In a Le Fort fracture, the fracture l ine usual ly extends through the pterygoid plates. In an os

teotomy, one attempts to preserve the pterygoid plates by operative separation through the pterygo
maxi l lary junction. 

4. What would you do if you were operating on a patient with a displaced, impacted Le Fort I 
fracture that cannot be reduced'? 

The usual approach involves applying arch bars to the maxil lary and mandibular dentition. If the 
maxi l la is immobile at this point, Rowe forceps are inserted through the nose, and an effort is made to 
mobil ize the maxi l la by side-to-side and forward motion. If reduction is st i l l  not possible, one should 
proceed with a Le Fort I osteotomy using a reciprocat ing saw as in routine maxil lofacial surgery. 

5. What if loose teeth are associated with a maxillary fracture? 
Teeth maintained by even a small blood supply can survive. The outlook depends on whether they 

are avulsed from their socket or whether alveolar bone is found around the tooth itself. Jn either event, 
the teeth should be placed careful ly in occlusion and splinted not only with the arch bar but also with 
a methylmethacrylate interocclusal splint to immobilize the teeth as carefully as possible. The patient 
should receive antibiotics, maintain oral hygiene, and be referred to a dentist as soon as possible. 

6. What should one do with a tooth that has been completely pul led out of its socket? 
The tooth should be placed in ei ther steri le sal ine or, if that is  not avai lable, mi lk .  If replaced 

promptly ( < 30 min)  into the socket, a certain number of teeth wi l l  survive but wi l l  require subse
quent root canal therapy because of loss of tooth vital ity. 

7. What are the buttresses of the maxilla? 
The main vertical buttresses of the maxil la, which absorb the majority of forces, are the naso

maxi l lary, zygomaticomaxi l l ary, and pterygomaxil lary buttresses; another component, the vomer, 
connects the maxi l la  to the cranial base. The horizontal buttresses include the mandible, palate, or
bital rims, and frontal bar. 
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8. When should bone grafts be used in the  treatment of  a maxillary fracture? 
Primary bone grafts should be used along with rigid internal fixation when one of the major but

tresses of the maxi l la, excluding the pterygomaxi llary and vomer, is substantially damaged. The bone 
grafts can be harvested from either the skull, ileum, or rib, depending on the surgeon's preference. 

9. When is intermaxillary fixation required after a maxillary fracture? 
If an isolated maxi llary fracture was repaired with rigid internal fixaL ion, resulting in stable oc

c lusion at the end of the operation, the patient should not require prolonged intermaxi l lary fixation 
and may be maintained on light elastics at night, when not eating, and when not engaging in oral hy
giene. This is  the same approach used in orthognathic surgery. If multiple facial fractures involve the 
mandible, particularly both mandibular condyles, a course of intermaxi l lary fixation, ranging from 
2-6 weeks, may be indicated. I f  this approach is used, we prefer an interocclusal spl int to open up 
the bi te at least 3-5 mm and to take the load off of the fractured condyles. 

10. What imaging tests should be obtained in patients with a suspected maxillary fracture? 
Whenever possible,  a Panorex radiograph should be obtained in patients wi lh suspected jaw 

fractures if they are able to undergo the procedure comfortably. This v iew provides the most infor
mation about the condit ion of the teeth and immediately adjacent bone. A CT scan, part icularly in
cluding coronal cuts, is the most commonly obtained examination and gives much more information 
than any type of conventional radiographic examination. When a fracture of the orbit is  suspected, it 
is  almost mandatory to obtain a CT scan; again, the coronal v iews are the most useful. 

1 1 . What are the indications for exploration of the orbital floors in a Le Fort III or an orbito
zygomatic fracture? 

In an occasional patient with hairline fractures without displacement, observation of an orbital 
fracture is  acceptable. Most fractures involve substantial disruption of the orbital floors or medial or
bital wal ls ;  exploration of the internal orbit is necessary, along with fixation of the fractures of the 
outer framework of the orbit ,  such as the frontozygomatic area and infraorbital rim. In  rare cases, 
fractures require no additional material in the orbital cavity after reduction. 

12. What material should be used for reconstruction of internal defects in the orbital cavity, 
such as the medial orbital wall and orbital floor? 

Most inexperienced surgeons in Nord1 America st i l l  use various types of foreign substances for 
correction of orbital floor defects .  Substances currently in use include s i l icone sheeting, Teflon 
sheeting, hydroxyapat ite, polyethylene, and metal l ic mesh. Most experienced craniofacial surgeons 
use none of these materials and have a strong preference for autogenous bone grafts. 

13. What incision should be used to explore the orbital floor? 
In our experience, the subcil iary incision, which is  commonly used for lower lid blepharoplasty, 

should be avoided altogether for exploration of orbital fractures. It is associated with an unaccept
ably high incidence of lower lid retraction, which occurs even in the hands of experienced surgeons. 
Such lower lid retractions are quite difficult to correct with subsequent surgery. We prefer an inci
sion that is  lower on the eyel id, perhaps 5-7 mm below the ci l iary margin, just below die tarsal plate 
of the lower l id, and located in a natural lower l id crease. Lower lid retraction is rare with this inci
sion, and in our experience the ·cosmet ic result is  just as good, if not better, than with an incision 
higher on the eyel id. Alternatively, a transconjunctival approach may be used. This approach g ives 
l imited access for plating infraorbital rim fractures but acceptable exposure of the orbital floor. For 
further access to the infraorbital rim, it may be coupled with a lateral canthotomy. This procedure, 
however, requires precise canthal repositioning and leaves a scar that may be noticeable. For these 
reasons, we prefer the lower eyelid incision beneath the tarsus. 

14. What are the preferred donor areas for bone grafts for the orbit and maxilla? 
The answer depends on the surgeon's preference. The only important factor is that autogenous bone 

grafts must be fresh. Usually we prefer outer table calvarial grafts harvested from the nondominant 
parietooccipital area. I l i ac bone is also excellent material. We find fewer indications for rib, although 
i t  is acceptable if the surgeon so prefers. 
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15. When miniplates and screws are used to obtain rigid internal fixation for maxillary and 
orbital fractures, should they be removed later? 

The answer is  general ly no. If patients are bothered by the presence of the p lates and can feel 
them or if low-grade infection is associated with the plates, the plates can be removed easily after 
sufficient time for bone healing (6-8 weeks). Biodegradable plates, made of a combination of poly
glycolic and polylactic acid, are used in infant craniofacial surgery, and they may have some appli
cation in facial fractures i n  the future, although this use has not yet been studied careful ly. 

16. With which bones does the zygoma articulate? 
Greater wing of the sphenoid, frontal, temporal, and maxi l lary bones. 

17. What are the clinical signs of a zygoma fracture? 
• Malar depression • Diplopia 
• Circumorbital and subconjunctival • Global dystopia 

ecchymosis • Lateral canthal dystopia with an antimongoloicl 
• Enophthalmos slant 
• Deepening of the supratarsal fold • lnfraorbital paresthesia 
• Step deformity or tenderness along • Trismus (secondary to arch impingement on 

the infraorbital rim, frontozygomatic the coronoicl process) 
suture, arch or lateral buttress 

1 8. What is the preferred surgical approach for open reduction of a d isplaced zygomatic 
fracture? 

A lateral brow or upper blepharoplasty incision, lower eyelid incision, and superior gingivobuc
cal sulcus incision adequately expose the zygomaticofrontal, infraorbital ,  and lateral zygomatico
maxi l lary buttress regions, respectively. Comminuted fractures of the zygoma are best approached 
through a coronal incision. Various lower eyelid incisions are reviewed in question 1 3 . 

19. What is the incidence of permanent diplopia after zygomatic fracture? 
Initial transient cliplopia is present in up to 10% of patients and is commonly evident on upward, 

downward, and lateral gaze. Permanent cliplopia, evident on upward gaze, remains in 5% of patients. 
Causes of diplopia or mechanical globe restriction include entrapment and/or injury to the inferior 
obl ique or inferior rectus muscle, Lockwood 's l igament, Tenon 's capsule, or periorbital fat. 
Restriction is  confirmed by the forced duction or traction test. Nonrestrictive causes of diplopia in
clude injury to extraocular muscles, neural injury, hematoma, and edema. 

20. What are the causes of late enophthalmos? 
Delayed enophthalmos occurs in 3% of cases and is clue to inadequate fracture reduction with 

persi s tent volumetric orbital expansion, bone graft resorption, contraction of injured extraocular  
muscles, and intraorbital conal fat necrosis or atrophy. 

21 .  What is the treatment for progressive loss of vision after blunt facial trauma? 
S ight lost at the moment of injury is not l ikely to return. Conversely, progressive v isual loss 

stands the best chance of recovery. Treatment includes megadose steroids (3-5 mg/kg/clay). I f  the 
patient fai ls  to regain or show improved vision within 1 2  hours, surgical decompression should be 
undertaken. The preferred approach in the United States is  transethmoiclal sphenoiclotomy w ith re
moval of the medial wall of the optic canal. 

22. What are the contraindications to immediate treatment of panfacial fractures? 
• Uncontrolled intracranial pressure • Coagulopathy 
• Systemic hemorrhage • Acute respiratory distress syndrome. 

23. At what age does the maxillary sinus become mature? 
The floor of the maxi l lary sinus remains above the level of the floor of the nose up to the age of 

8 years. Eruption of the permanent maxi l lary dentition determines the inferior growth of the maxil
lary floor, which, therefore, is  not complete unti l  the age of 1 2- 1 6  years. 
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3 1 .  FRACTURES O F  THE MAN D I B LE 

John W .  Polley, M D , J effery S Flagg , M D , D D S . 

a nd Mim is Cohen , M . D , FAC . S . 

1 .  What is the anatomy of the mandible"? 
The mandible is the largest and strongest of the fac ial bones; it consists of a basal bone and 

three processes. The basal bone extends from the symphysis at the chin to the lateral condyles on 
each side. In addition, i t  contains a horizontal portion, the body, and two perpendicular portions, the 
rami,  which join the body nearly at right angles. The processes include the alveolar process, to which 
the teeth are attached; the coronoid process, to which the temporal is muscle is attached; and the 
angle, to which the masseter and medial pterygoid muscles attach. A cart i laginous d isk completes 
the h inge joint !mown as the temporomandibular joint (TMJ), to which the transverse head of the lat
eral pterygoid muscle attaches. 

Region of 
the 1ymphyii1 

Region of the 
condylor proceu 

Regions of the mandible. ( From Manson PN: Facial injuries. l n  McCarthy JG (eel): Plastic Surgery. Phi ladelphia, 
W. B .  Saunders, 1 990, p 93 1 ,  with permission.) 
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2. How does the morphology of the mandible help it to resist forces such as those resulting 
from mastication or trauma? 

The mandible is a U-shaped tubular bone consisting of an outer and inner cortex wi th  bone 
marrow between them. The architecture in the trabeculae of spongy bone reflects the pattern of stress 
and strain within the region. Unidirectional forces result in bending. In these areas, the mandible is 
formed as a thick plate. When forces from all directions must be resisted, the bone has rrabeculae. 
The trabeculae spring from the inner cortical layers l ike the flying buttresses of Gothic cathedrals 
and span the medul lary spaces to the opposite side. As a result of trabeculae orientation, the stress of 
chewing is conveyed to the interior of the bone. The mandible forms several l i nes (trajectories) of 
equal pressure and equal tension that extend from the symphysis to the condyles. Stress that occurs 
from mastication or trauma is transferred from the interior of the mandible to the condyles v ia vari
ous trajectory l ines. Here the condyles articulate with the glenoid Fossa of the temporal bone. Nature 
has formed the mandible to withstand pressure and to transmit force to the base of the skull via the 
craniomandibular articulation. 

3. What are the six Ps of mandibular fractures'? 
I .  Panorex. Panoramic roentgenography produces a survey of the tooth-bearing portions of the 

maxi l la  and mandible. This information can be used to evaluate the fracture site(s), position of the 
fragments, and postoperative healing. 

2. Plain radiographs. I f  the Panorex is inconclusive or not available, plain radiographs should 
include three v iews of the mandible (right or left lateral oblique, posteroanterior) and a skull series. 

3 .  Penicil l in. Drug of choice to combat the constant perculation of oral microorganisms. This, 
coupled with the continuous disruption of vascular ingrowth and osteolysis, is the most common and 
predictable source of fracture infection.  The microorganisms most often encountered in the oral 
cavity are streptococci and Bacteroides sp. 

4. Peridex. Peridex is an oral rinse containing 0. 1 2% chlorhexidine gluconate. Approximately 
30% of the microbial active ingredient is retained after rinsing. The retained drug is then slowly re
leased into oral fluids. 

5 .  Preoperative work-up. The physician who first examines a patient with a mandibular injury 
should examine all soft tissues thoroughly, evaluate the current status of dental hygiene, examine the 
teeth for evidence of trauma (chipped, mobile, displaced) ,  evaluate the mandible for discontinuity 
with a bimanual exam, and look for ecchymosis in the floor of the mouth. Deviations in mandibular 
movements and malocclusion are the sine qua non of mandible fractures. 

6. Postoperative instructions. Emphasize vigorous oral hygiene, oral antibiotics, mechanical 
soft diet, and the importance of follow-up examinations. 

4. Describe the biomechanical response of the mandible to trauma. 
The two principal components involved in fractures of the mandible are the dynamic factor 

(blow) and the stationary factor Uaw). The most common causes are altercations (47.5%) and auto
mobile accidents (27.3%).  The location, intensity, duration, and direction of the traumatizing force, 
with respect to the physical properties of the mandible, influence its biomechanical response. The 
condylar neck has the smallest cross-sectional area and the least abil ity to bend of any region of the 
mandible. Force appl ied to the point of the chin shows a high frequency of condylar neck fractures 
(72%).  A severe force can push the condylar fragments out of the glenoid fossa. Body and angle 
fractures usual ly  result from direct impact over these regions and are more often uni lateral. Angle 
fractures are often associated with a parasymphyseal fracture on the contralateral side. The dynamic 
factor i s  characterized by the intensity of the blow, its durat ion, and its d irection. Whereas a liglit 
blow may cause a greenstick fracture, a heavy blow may cause a compound, comminuted fracture. 
The direction of the force largely detern1ines the location of the fracture. 

5. How does the stationary component influence mandible fractures? 
The stationary component is the jaw itse lf. The patient's age is important. With equal force a 

chi ld may experience a greenstick fracture, whereas an elderly person with heavi ly calcified bone 
may sustain a complicated fracture.  Mental and physical re laxation prevents fractures associated 
with muscular tension. A bone on which increased tension is placed by contractions of the attached 
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musculature requires a lower threshold force for fracture. I n  contrast, an  intoxicated patient may  re
ceive severe trauma to the mandible and suffer only bruises. The muscle masses serve as tissue cush
ions when relaxed but elicit strain patterns under tension. 

6. What is the concept of favorable and unfavorable fractures? 
A fracture is classified as favorable when the direction of the l ine of fracture does not al low in

dependent muscular distractions. An unfavorable fracture occurs when the l ine of fracture perm its 
the fragments to separate. The four muscles of mastication are the temporal is, masseter, medial 
pterygoid, and lateral pterygoid. After discontinuity of the mandible due to fracture, these muscles 
exert their actions on the fragments, leading to malocclusion. In the presence of teeth, i t  i s  important 
to restore occlusion. 

At the mandibular angle, the posterior fragment is elevated and drawn forward by the action of 
the medial pterygoid and masseter muscles. The unfavorable oblique fracture is caused when the l ine 
of fracture runs from anterior-superior to posterior-inferior. However, if the inferior border fracture 
occurs further anteriorly and the l ine of fracture extends in a distal direction toward the ridge, a favor
able fracture is seen. The angle of the anteroinferior portion locks the posterior fragment mechani
cal ly to withstand upward muscular pul l .  Most angle fractures are horizontally unfavorable fractures. 
Medial displacement may be considered in a simi lar fashion. Oblique fracture l ines can form a large 
buccal cortical fragment that prevents medial displacement. A bird's-eye view reveals that a vertically 
unfavorable fracture l ine extends from a posterolateral point to an anteromedial point. No obstruction 
counters the action of the l ateral pterygoid and mylohyoid muscles, and the posterior fragment is 
shifted medially. A vertically favorable fracture extends from an anterolateral to posteromedial point. 

Favorable vs. unfavorable fractures. A, Horizontally unfavorable fractures extend downward and posteriorly. B ,  

Horizontally favorable fractures extend downward and forward. C ,  Vertical ly unfavorable fractures extend for
ward and medial ly. D, Vertically  favorable fractures extend from the lateral surface of the mandible posteriorly 
and medially. Arrows indicate the direction of muscle pu l l .  With unfavorable fractures, the direction and bevel of 
the fracture l ine do not resist displacement by muscular action. With favorable fractures, the bevel and fracture 
l ine resist displacement and oppose muscular action. Fractures beveled in this direction tend to impact the frac
tured bone ends. ( From Manson PN: Facial injuries. In McCarthy JG (ed): Plastic Surgery. Philadelphia, W.B.  
Saunders, 1 990, p 940, wi th  permission.) 

7. Why is Angle's classification of malocclusion the standard in  dentistry throughout the world? 
Edward Angle, who presented his classification of dental malocclusion in 1 898. recognized that 

facial balance was ideal when the m idfacia l  position was in a harmonious relat ionship to the 
mandible. Angle noted that the most pleasing facial  profi le occurred when the supraorbital ridge, 
subnasal area, lower l ip, and chin fal l  on a straight l ine. The engraving made by Angle i l lustrated 
how the normal occlusal relationships between the maxil la and mandible resulted in this profile .  

8. How is malocclusion classified? 
Normal occlusion occurs when the mesiobuccal cusp of the upper first molar i received in the 

bucca\ groove of the lower first molar (c lass I occlusion). An Angle c lass I I  maloccl usion exists 
when the lower molars are displaced distally so that the mesiobuccaJ developmental groove fits 
under the distal cusp of the upper first molar or even further back, giving the profi le of the c lassic 
retrognathic appearance. The c lass ill occlusion i s  characterized by mandibular prognathism. The 
lower dental arch i s  carried forward so that the mesiobuccal developmental groove of the l ower 
molar may be under the upper second bicuspid or even the first (see chapter 23). 

9. Does mixed dentition play a role in  mandible fractures? 
The mixed dentition stage is the age at which both deciduous and secondary teeth have erupted 

in the oral cavity. In active children, the soft and hard tissues of the mouth are frequent recipients of 

· •  
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trauma. As a rule, the lower first molars are the first permanent teeth to pierce the gum tissues. With 
chi ldren, fractures of the mandible are complicated by the presence of mixed dentition with teeth in 
various stages of eruption. Thus, the malocclusion cannot be easi ly evaluated. I t  should be empha
s ized that developing tooth buds may react in many unfavorable ways after disturbance. 
Roentgenograms may be misleading when undisplaced fractures are covered by developing tooth 
buds. Primary teeth lend themselves to wiring procedures for stabilization; however, only a few teeth 
may be present for attachment of fixation. 

10. How do pediatric mandibular fractures differ from adult mandibular fractures? 
Mandibular fractures are less common in chi ldren than in adults .  Greenstick fractures of the 

mandible, particularly in the condylar region, are relatively common in chi ldren. The increased ossi
fication capabil ity of the juvenile periosteum allows faster heal ing and distinguishes it from the adult 
mandible. As a result, many mandibular fractures in chi ldren can be treated with immobi l ization for 
a short period. Direct osteosynthesis is reserved for displaced fractures. Problems with osteosynthe
sis in chi ldren include the need to avoid damage to developing tooth buds. 

1 1 .  What is intermaxillary fixation (IMF)? 
IMF refers to an era when the mandible was known as the inferior maxi l la .  Current terminology 

includes max i l lomandibular fixation (MMF), I MF, and interdental fixation (which i s  used in the 
Current Procedural Terminology coding system) .  l ntermax i l lary fixation is obtained by applying 
wires or elastic bands 'between upper and lower jaws to which suitable anchoring devices can be at
tached. Arch bars are a common method for obtaining intennax i l lary fixation. Thick gauge wire is 
used to secure molar teeth, whereas thinner wire is used for anterior teeth. Ivy loop wiring embraces 
only two adjacent teeth, to which elastics a.re secured. With one or two Ivy loops placed in each 
quadrant, traction is then placed between the jaws. 

12. What are the advantages of rigid internal fixation in contrast with interosseous wiring for 
the repair of mandible fractures? 

Open reduction of mandibular fractures with wire osteosynthesis requires 4-8 weeks of MMF for 
satisfactory healing. Rigid internal fixation (RIF) of mandibular fractures allows early mobilization of 
the jaws, reducing or el iminating the period of MMF. This is a significant benefit to patients, avoiding 
the potential sequelae of prolonged immobil ization, including TMJ stiffness after removal of I MF, 
social inconvenience, phonetic disturbance, loss of effective work time, discomfort, and weight loss. 

13. What is the spherical sliding principle in rigid osteosynthesis of mandible fractures? 
Compressive forces are achieved with compression plates by a combination of factors. Dynamic 

and eccentric compression plates create interfragmental pressure by the spherical sl iding principle. 
The practical application of this principle is based on c l inical and experimental evidence that bone 
fragments immobi l ized with interfragment pressure greater than the forces tending to displace the 
fragments wi l l  mend by primary bone healing without callus formation. The compressive force re
sults in greater stab i l i ty of the fracture. The tension and pressure forces acting on the mandible 
during movement must be neutralized by the forces used to create interfragmental pressure. In the 
technique of rigid fixation, the vertical movement of the screw is changed to a horizontal compres
sive force vector as the screw head fol lows the incl ine of the screw hole in the compression plate. 
Thus, the fragments are reapproximated as the screw head is tightened. 

14 .  What is the incidence of fractures in different areas of the adult mandible? 
Angle 3 1  % Condyle 1 8% 
Molar region 1 5 %  Mental region 1 4% 
Symphysis 8% Cuspid 7% 
Ramus 6% Coronoid process I %  

15. What complications are associated with the repair of mandibular fractures? 
Infection, malocclusion, tooth injury, delayed union, nonunion (pseudoarthrosis), osteomyel i t is, 

inferior alveolar, and facial nerve injury. Of these, infection is one of the most problematic; i t  is the 
most frequent complication and is an important cause of nonunion. 
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16.  How is the interocclusal distance measured? 
The interocclusal distance is measured as the distance between the incisal edges of the maxillary 

and mandibular central incisors at the midl ine. Normal interocclusal distance is about 3 .0-4.5 mm. 

17.  What percentage of patients with mandibular fractures present with concomitant cervical 
spine injury? 

Associated injuries are present in 43% of all patients with mandibular fracture. most of whom 
were involved in vehicular accidents. Cervical spine fractures were found in 1 1  % of this group of 
patients. It is imperative to rule out cervical neck fractures, especially in patients who are intoxicated 
or unconscious. Posteroanterior and l ateral fi lms should be reviewed with the radiologist before 
treatment is init iated. 

18. What risk factors increase the possibility of infection with mandibular fractures? 
Infected mandibular fractures are encountered in patients who sustain facial trauma and fai l  to 

seek immediate treatment. Mucosa! tears and fractures extending through the periodontal l igament 
produce contamination of the fracture by oral flora. Fractures that occur through the tooth-bearing 
area, therefore, should be regarded as contaminated. Soft tissue injury also has been shown to be a key 
factor in infection rates. Bony sequestra, devital ized teeth, and hematoma also contribute to infection. 
Movement at the fracture site due to loose, mobile hardware, such as a loose screw in an otherwise 
stable plate, may cause infection in the presence of bacterial contamination. In some patients treatment 
must be delayed because of more serious injuries. Poor oral hygiene is also a major key to infection. 

19. What techniques are used for treatment of alveolar bone fractures? 
If teeth are present in the mobile fragment and stable part of the alveolus, an arch bar should be 

fixed to the teeth. After reduction, the fracture is stabi l ized by this fixat ion. If no teeth are present 
and the mobile fragment is sti l l  fixed to and nourished by the periosteum and mucosa, closing the 
wound by repair of the torn gingiva wi l l  suffice. If a removable prosthetic ful l  or partial denture is 
present, it should be worn to readapt the bone. 

20. What role does dentition play in mandibular fractures? 
The body of the mandible (molar, mental, and cuspid regions) is involved frequently in mandible 

fractures (36%) because of the l ines of trajectory that pass along the longitudinal axis of the teeth. 
Several factors influence the location of mandible fractures, including site, force, direction of impact, 
and presence of impacted teeth. When a force is distributed to the mandible, the mandible fractures at 
its weakest point. The weakest points are at the angle of the mandible (third molar) and canine region 
(tooth length-26 mm). One study found that patients with third molars were 3.8 times more l ikely to 
develop angle fractures and that the third molars weaken the mandibular angle via decreased area of 
bone. People at risk (e.g. ,  contact sport athletes) may benefit from preventive removal of these teeth. 

2 1 .  What treatments are ideal for symphyseal and parasymphyseal fractures? 
Wire osteosynthesis alone may not provide rotational stabi l i ty; thus, symphyseal and parasym

physeal fractures should be treated with compression plates. In addition, the bi lateral posterior and 
lateral pul l exerted by the mylohyoid and digastric muscles contributes to displacement of the frag
ments. Once M M F  is obtained, the incision into the mucosa is made deep into the labial-alveolar 
sulcus, with care to leave sufficient attached gingival mucosa to enable closure without tension. The 
mandible is degloved with the utmost care not to injure the mental nerve. The bone fragments are 
then reduced with bone forceps and secured, if necessary. Next, a compression plate is contoured ac
curately;  if this is not done, the screws may move the bone fragments and, after release of M M F, 
malocclusion results .  Bony irregularities may be removed with a burr. Two screws are needed on 
each side of the bony plate to ensure compression and stabi l ity. Overbowing or overcontouring of 
the plate is often helpful in avoiding displacement of the fractured l ingual cortical bone, which may 
lead to occlusal problems and displacement of the condyles. 

22. What techniques are used for fractures of the condyles? 
Condylar process fractures are common ( 1 8%) and are classi fied by fracture leve l ,  anatomic dis

placement, and position of the condyle. Generally, they are treated by MMF alone. Immobil ization 
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usually ranges from 2-4 weeks for isolated fractures. Duration depends on type of dentition, level of 
the condylar fracture, and degree of dis location of the condylar head. Uni lateral condylar fractures 
are often associated with a fracture in the mandibular body on the contralateral side. B i lateral condy
lar fractures usual ly are caused by a blow on the chin.  Condylar fractures d iffer from mandibular 
body fractures in that MMF is of shorter duration to prevent pathologic changes in the TMJ. MMF 
may not  be needed for uni lateral condylar fractures in edentulous pat ients because smal l  occlusal 
discrepancies can be corrected on renewal of the dentures. 

Patients with condyles displaced from the glenoid fossa are candidates for open reduction. The 
main indications for open reduction are the inabi l i ty to obtain adequate dental occlusion by closed 
reduction and deviation of mandibul<u- movement by a displaced segment. This problem occurs when 
the condyle is  subluxated almost completely in a medial direction so that it l ies at right angles to the 
neck or when i t  i s  displaced in the opposite d irection and projects latera l ly  from the zygoma. 
Occasionally, the condyle is pushed through the external auditory canal or into the middle fossa. 

23. How do you repair edentulous mandible fractures? 
Occlusion cannot be achieved because of the lack of teeth for fixation and alveolar ridge atro

phy. If wearable dentures are present, the mandible may be effectively fixed by the application of 
circumferential wires. Spl ints or fabricated acrylic saddles may ensure reduction and stabi l ization. 
Edentulous mandibular fractures may be good candidates for open procedures. Advantages include 
direct visual ization, excellent stabil ity of the fixed segments, early return of masticatory function, 
and stimulation of osteogenesis by the use of compressive forces. Open procedures also reduce the 
i nc idence of  injury to the i nferior a lveolar nerve, located at the superior border of  the atrophic 
mandible. Conservative periosteal stripping is paramount. A single plate on the lateral aspect of the 
mandible may lead to torsional instabi l i ty and produce an unsatisfactory result. Therefore, i f  possi
ble, a second plate is  advisable. Lag screws also may be used for edentulous fractures. Generally, 
they are best su i ted for fractures of the symphyseal region, where both buccal and l ingual cortices 
can be engaged. 

24. List the clinical signs that may be associated with mandibular fractures. 
I .  Changes in occlusion 4. Ecchymosis of the floor of 8. Crepitation on manual 
2 .  Changes in mandibular the mouth, mucosa, or skin palpation 

excursions: l imited 5. Soft tissue bleeding 9. Sensory disturbances 
opening, deviation 6. Soft tissue swel l ing l 0. Trismus 

3.  Step in occ lusion 7 .  Palpable fracture l ine l l .  TMJ d isorders 

25. What percentage of mandibular fractures are multiple? 
More than 50% of mandibular fractures are mul tiple. For this reason, if one fracture is  noted 

along the j aw, the patient should be examined closely for evidence of addi t ional fractures. 
Radiographic fi lms must be scrutinized careful ly for discrete fracture l ines. 

26. Why does ecchymosis occur in the floor of the mouth in mandible fractures? 
B leeding caused by the fracture is trapped by the fanl ike attachment of the mylohyoid muscula

ture to the mandible. This condition presents c l inically as ecchymosis in the floor of the mouth. 

27. Before the appl ication of maxillomand ibular fixation, how do you establish a patient's 
pretraumatic occlusion? 

Occlusal wear facets occur because of the constant action of the tooth cusps rubbing across one 
another. Occlusal wear patterns on the teeth should be noted because they relate to the normal move
ment of the mandible.  By l in ing up the coinciding wear facets of the interdig i tating maxil lary and 
mandibular teeth for MMF, the surgeon can est imate the patient's normal occlusion. 

28. What are the indications for removal of teeth involved in fracture l ines in the mandible? 
• Severe loosening of the tooth with chronic periodontal disease 
• Fracture of the root of the tooth 
• Extensive periodontal injury and broken alveolar wal ls  
• Displacement of teeth from their alveolar socket 
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29.  What muscle is primarily responsible for condylar displacement in  patients with  a sub
condylar fracture? 

The l ateral pterygoid i s  the only muscle that i nserts directly on the neck of  the mandibular 
condyle. The forces of this muscle frequently result in anterior and medial displacement o f  the 
condyle in the presence of a subcondylar fracture. 

30. What are the indications for open reduction and internal fixation of condylar fractures? 
• Displacement into the middle cranial fossa • Presence of a foreign body thought to requ ire 
• Inabi lity to obtain preinjury occlusion by removal (e.g., gunshot pellets) 

closed reduction or awake manipulation • Severe angulation of the condyle 
• Extracapsular lateral displacement of the • Condyle outside the glenoid fossa 

condylar fragment(s) 
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AN D ANATOMY 
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1 .  What is a branchial arch? 
Branchial arches fo1m in the head and neck region of the developing embryo during the fourth 

week of gestation. Derived from migrating neural crest cel ls, these masses of tissue form the build
ing blocks for later nerve, muscle, and skeletal structures. 

2. Which muscles and nerves are derived from which arches? 
· In general, the first branchial arch is the precursor for the muscles of mastication (e.g., tem

poral is, masseter, pterygoids). Also included are the mylohyoid, anterior belly of the digastric, 
tensor veli palatini, and tensor tympani. All of these muscles are innervated y the trigeminal 
nerve (cranial nerve [CN ] Y) .  

• The second branchial arch becomes the muscles of facial expression (e .g . .  orbicularis oris 
and ocul i ,  frontalis, platysma) as well as the posterior belly of the digastric, stapedius, and sty
lohyoid muscles. All of these muscles are supplied by the facial nerve (CN Vll) .  

• The stylopharyngeus muscle i s  derived from the third branchial arch ,  and is  innervated by 
the g lossopharyngeal nerve (CN IX). 

• The fourth, fifth, and sixth branchial arches contTibute to the formation of pha1yngeal. laryn
geal, and levator velj palatini muscles, all of which are supplied by the vagus nerve (CN X). 

3. Where do branchial cysts come from? 
Between the branchja l  arches are branch ial clefts or grooves that are l ined with surface ecto

derrn. The first cleft becomes the external auditory canal. The second, third, and fourth clefts usually 
are obliterated by the sixth week of gestation. Failure to do so or dupl ication of strucrures may result 
in fistulas, s inus tracts, or cysts, depending on how much remnant remains. Such anomal ies can be 
found along the anterior border of the sternocleidomastoid muscle at any point from the external au
ditory canal to the clavicle. 

4. Which branchial cleft anomaly is most common? 
The second. The external component is found at the junction of the middle and lower thirds of 

the anterior border of the sternocleidomastoid muscle. The tract passes over the glossopha1yngeal 
nerve and between the external and internal carotid arteries en route to the tons i l lar fossa. The fossa 
must be excised under general anesthesia with a thorough understanding of the involved anatomy. 
Third branchial cleft anomal ies, although rare, present in the same region as the second, but they 
course beneath the internal carotid. The surgeon must be aware of this possibi l i ty to avoid damaging 
v ital structures. First branchial  c left cysts are less common but must  be considered in excis ing 
masses above the hyoid bone,  because their course may involve branches of the facial  nerve. 
Preoperative patient counseling and planning are essential. 

5. A young boy presents with a small mass in the midline of the neck below the hyoid bone. 
The mass has been present since birth. What is the most likely diagnosis? 

A thyroglossal duct cyst. These cysts arise from remnant tissue left during the embryonic de
scent of the thyroid tissue from the base of the tongue to its pretracheal position by the eighth week 
of gestation. This "thyroglossal duct" usual ly d isappears. However, duct remnants may be present as 
s inuses or cysts anywhere along the migration pathway. Usually ident i fied by the second decade, 
thyroglossal cysts are most commonly in the midl ine at the level of the thyroid membrane. 

6. What is the treatment? 
Complete excision, including the ent ire duct remnant, which may pass through the hyoid bone 

and requires resection of the bone. 

1 72 



Head and Neck Embryology and Anatomy 1 73 

7. Are any preoperative tests important? 
Because the mass may represent the patient's only thyroid tissue, i t  is necessary to demonstrate 

normal funct ioning thyroid tissue by thyroid scans and function tests. 

8. A patient presents with a deep facial laceration in the emergency department. He cannot 
seem to close the ipsilateral eye, and saliva appears to be draining from the wound. Is anything 
wrong with this picture? 

Yes. In performing routine laceration repairs in the emergency department, it is essential to un
derstand the underlying anatomy before perfunctory closure. In this case, the patient has probably 
severed a branch of the facial nerve as well as the parotid duct or gland. 

9. How can I find the facial nerve and parotid duct? 
The facial nerve (CN VII) exits the styloid foramen and courses through the parenchyma of the 

parotid gland as i t  spl i ts into five major branches: Temporal ,  Zygomatic, Buccal, Mandibular, and 
Cervical (Ten Zi l l ion Bucks Means Cash). The temporal branch can be found along Pitanguy's l ine, 
which runs from 0.5 cm below the tragus to 1 .5 cm above the lateral eyebrow. The facial nerve be
comes more superfic ia l  as i t  heads medial ly, but is consistent ly deep to the superfic ia l  muscu
loaponeurotic system (SMAS) .  The muscles of fac ial animation are innervated on their deep 
surfaces, except the levator anguli oris, mental is and buccinator muscles, which run deep to the plane 
of the nerve and are innervated on their superficial surfaces. In the midface, there are communications 
between branches ( i .e . ,  zygomatic and buccal); this is much less common in the frontal and mandibu
lar regions, leading to increased chance of permanent deficits in injuries to terminal branches. 

The parotid (Stensen) duct travels from the anteromedial border of the parotid gland to the 
anterior border of the masseter muscle, at which point it dives to emerge on the buccal mucosa op
posite the maxil lary second molar. A l ine drawn from the tragus of the ear to the middle of  the upper 
lip approximates the path of the duct; a vertical l ine from the lateral canthus indicates the i ntraoral 
traverse. 

10. A patient in the next emergency bed has a seemingly superficial wound to the neck but 
complains of numbness of the earlobe. What is the cause? 

The great (not greater, since there is no lesser) auricular nerve is a sensory branch from the cer
vical plexus that crosses the anterior border of the sternocleidomastoid muscle consistently at a point 
6.5 cm below the caudal edge of the bony external auditory canal .  Because i t  is a superficial struc
ture, i t  can be injured during parotid, facel ift, carot id, and other neck dissections, leaving a bother
some numbness to the inferior ear. 

1 1 .  Yet another patient has suffered a full-thickness injury to the scalp. What are the layers of 
the scalp? 

S = Skin,  C = subCutaneous tissue, A = Aponeuros is,  L = Loose areolar t i ssue, and P = 

Pericranium. 

12. The laceration is bleeding profusely. What is the blood supply to the scalp? 
Five paired arteries comprise the vascular supply to the scalp :  ( I )  supraorbita l ,  (2 )  supra

trochlear, (3 )  superficial temporal ,  (4) occipital, and (5) posterior auricular arteries. 

13. Once you have repaired the laceration, the patient is so happy tears begin to flow. Where 
do the tears go? 

Tears move on the eye from lateral to medial and are col lected by the upper and lower puncta, 
which can be found 5-7 mm lateral to the canthal angle. They then travel in the cannal icul i  2 mm 
vertically, then 8 mm horizontally, to the common cannaliculus, which drains into the lacrimal sac. 
The lacrimal duct then transports the tears through the ethmoid bone to exit into the nose below the 
inferior nasal conchae. 

14. What other structures empty into the nasal cavity? Where do they exit? 
The nasal conchae (turbinates) are found on the lateral walls of the nasal cavity and help to hu

midify, purify, and warm the air by increasing surface area and turbulence. The conchae divide the 
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lateral nasal wall into the inferior (below inferior concha), middle (below middle concha), superior 
(below superior concha), and supreme (above superior concha) meati. The frontal, maxi l lary, ante
rior ethmoid, and middle ethmoid sinuses drain into the middle meatus. The posterior ethmoid cel ls  
drain i nto the superior meatus, and the sphenoid sinus exits into the supreme meatus .  The naso
lacrimal duct empties below the inferior concha into the inferior meatus. 

15. The trigeminal nerve supplies only sensory innervation for the face. True or false? 
False. In addition to serving as the cutaneous nerve of the anterior and lateral face, the mandibu

lar division of the trigeminal nerve (CN V 3) is  also the motor nerve for the muscles of mastication. 
This group of four muscles acts d irectly on the mandible and tradit ional ly includes the masseter, 
temporal is ,  medial pterygoid, and lateral pterygoid muscles. Accessory muscle , referred to as 
suprahyoid muscles because of their position superior to the hyoid bone. include the mylohyoid, di
gastric, and geniohyoid. Contraction of the masseter, temporal is ,  and medial  pterygoid results in 
mandible elevation, whereas contraction of the lateral pterygoid and suprahyoid muscles result  in 
mandible depression. Lateral and medial pterygoid contraction also results i n  mandible protrus ion, 
whereas contraction of the suprahyoids and posterior portion of the tempora l i s  also resu l ts in 
mandible retraction. 

16. What are the contents of the carotid sheath? 
Within the carotid sheath the vagus nerve (CN X) l ies posterior to the common carotid artery 

and internal jugular vein. 

17. How many branches does the external carotid artery give off? What are they? 
The external carotid artery branches from the common carotid artery at the level of the upper 

border of the thyroid cart i lage to give off eight of its own branches. I t  is  the principal artery supply
ing the anterior aspect of the neck, face, scalp, oral and nasal cavities, bones of the skull, and dura 
mater. However, i t  does not supply the orbit or the brain. The main branches of the external carotid 
in the usual order of their appearance from inferior to superior are ( 1 )  the superior thyroid, (2) the as
cending pharyngeal, (3)  the l ingual, (4) the facial, (5) the occipital, (6) the posterior auricular, (7) the 
superficial temporal, and (8)  the maxi l lary. 

17. What organ do both Arnold's nerve and Jacobsen's nerve supply? Where do they come from? 
Both nerves provide sensory innervation to the ear. Arnold's nerve i a branch of the vagus nerve 

(CN X) and supplies the concha and auditory canal. Jacobsen's nerve is a branch of the glossopha
ryngeal nerve (CN IX) and supplies the concha, canal, and middle ear. The auriculotemporal nerve 
(CN V 3) supplies the root hel ix, crus, tragus, and canal, whereas the auricular branch off the facial 
nerve (CN VII)  suppl ies the concha and canal. Thus, in al l ,  four cranial nerves (V, VII ,  IX,  and X) 
provide sensory innervation for the ear. 

19. What are the foramina of the 1 2  cranial nerves? 

Cranial Nerve 

Olfactory 

Optic 
Oculomotor 
Trochlear 

Trigeminal 

Trigeminal 
Trigeminal 
Abducens 

Facial 
Vesti bu lococh I ear 

Glossopharyngeal 
Vagus 
Spinal accessory 
Hypoglossal 

(CN I) 
(CN I I )  
(CN IU) 
(CN IV) 
(CN V1 ) 
(CN V?) 
(CN V;) 
(CN VI) 
(CN VII) 
(CN VII I )  
(CN IX) 
(CN X) 
(CN XI) 
(CN XII) 

Foramen 

Cribriform 

Optic foramen 
Superior orbital fissure 
Superior orbital fissure 
Superior orbital fissure 
Foramen rotundum/inferior orbital fissure 
Foramen ovale 
Superior orbital fissure 

Stylomastoid foramen 

Internal acoustic meatus 
Jugular foramen 
Jugular foramen 
Jugular foramen 
Hypoglossal canal 
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20. What are the zones of the neck? 
For use in the evaluation of penetrating neck trauma, the neck has been divided into three zones: 
Zone I Below a horizontal l ine I cm above the claviculomanubrial junction or inferior to the 

cricoid cartilage 
Zone I I  Between zone I and the angle o f  the mandible 
Zone III  Between the angle of the mandible and base of the skul l  
Zones I I  and I l l  are considered the neck proper; zone I is  the base of the neck or thoracic inlet. 

Arteriography is often used to evaluate stable patients with overt signs of arterial injury, especial ly in 
zones I and I I I ,  because of the potential technical problems with exposure and vascular control in 
these regions. 
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1 .  What is the appropriate evaluation of a lateral neck mass present in an adult for at least 
3 weeks? 

The differential d iagnosis of a neck mass in an adult  includes neoplastic or inflammatory dis
ease, congenital anomalies, and other miscel laneous conditions. The l ikel ihood of malignancy is in
creased in a patient with a hi story of tobacco or alcohol abuse, age greater than 40 years, chronic 
hoarseness, persistent dysphagia or odynophagia, persistent otalgia, or a h istory of mal ignancy of 
the skin or mucosa! surfaces of the head and neck. 

Diagnostic evaluation of a neck mass begins with a complete h istory and examination of the 
head and neck. Complete examination identifies a primary lesion in  over 90% of patients who pre
sent with head and neck mal ignancy. After ident i fication of a primary lesion, an imaging study of 
the head and neck (MRI  or CT) is usually indicated to evaluate the extent of  disease and to guide 
treatment planning.  When a primary lesion is not found on exami nation, fine-needle aspiration 
( FNA) biopsy of the neck mass is ind icated. If FNA biopsy demonstrates a benign lesion, treat
ment is tai lored to the type and extent of disease. If mal ignancy is identified, an imaging study is 
performed to  evaluate t he extent of d isease and to search for the occu l t  primary lesion. Exam 
under anesthesia and endoscopy are also ind icated. Directed biops ies of  the nasopharynx, tons i l ,  
tongue base, and pharyngeal wal l  may be performed if the primary lesion remains occu lt .  When the 
F A is nondiagnostic or equivocal for mal ignancy, open biopsy of  the mass is usually indicated. 
Exams under anesthesia w i th endoscopy and neck mass biopsy are usual ly done concurrent ly. 
Incisions for open biopsy should be placed so that subsequent neck dissection can incorporate the 
biopsy incision. 
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2. What are the differences in radical, modified radical, and selective neck dissections? 
Radical neck dissection is the c lassic procedure described by Crile in 1 906 for management of 

metastatic cancer in cerv ical lymph nodes. The procedure consists of  cervical di  ection wi th  re
moval of the stemocleidomastoid muscle, omohyoid muscle, internal jugular vein, spinal acce sory 
nerve, cervical plexus nerves, submandibular sal ivary gland, tail of parotid gland, and all intervening 
lymphoareolar tissue containing lymph nodes (described as nodal levels I through VI) .  The principal 
indication for radical neck dissection is surgical management of bulky (N2 or greater) cervical nodal 
metastasis. 

\ 
\ 

Lymph node levels in the neck. Level I ind icates the sub
mandibular and submental nodes: level I I ,  upper j ugular 
nodes; level I l l ,  middle jugular nodes: level IV, lower jugu
lar nodes; level V, posterior triangle nodes; level I V, ante
rior compartment nodes. ( From Robbins KT, Medina J E, 
Wolf GT, et al: Standardizing neck dissection terminology. 
Arch Otolaryngol Head Neck Surg 1 1 7 : 60 1 -605 , 1 99 1 ,  
with permission.) 

Modified radical neck dissection removes all of the same lymph node groups as the radical 
neck dissection but spares at least one of the non lymphatic structures removed with the radical neck 
dissection. The indications for modi fied radical neck dissection are simi lar to d10se for radical neck 
dissection. The extent of metastatic disease usual ly determines the choice of radical vs. modified 
radical neck dissection. The so-called functional neck dissection, in which nodal levels I through VI 
are dissected but all nonlymphatic structures are spared, is a specific variation of the modified radi
cal  neck dissection. 

' 

Area of nodes removed with radical and modified radical 
neck dissection. (From Robbins KT, Medina J E, Wolf GT, 
el al :  Standardizing neck dissection terminology. Arch 
Otolaryngol I-lead Neck Surg 1 1 7 :60 1 - 605, 1 99 1 ,  with 
permission.) 



Head and Neck Cancer 1 77 

Selective neck dissections remove the cervical lymph nodes considered to be at high risk for 
metastasis from a given primary site. Selective neck dissections are generally perfonned on an elec
tive basis ,  although some patients with early nodal disease (N I )  may be appropriately treated with 
selective neck dissection. The extent of selective neck dissection depends on the site and stage of the 
primary head and neck mal ignancy. The supraomohyoid neck dissection is  an example of a selective 
neck dissection. 

Area of nodes removed with supraomohyoid neck dissec
t ion.  (From Robbins KT, Medina JE, Wolf GT, et a l :  
Standardizing neck dissection terminology. Arch Otolaryn
gol Head Neck Surg I 1 7:60 1 -605, 1 99 I ,  with permission.) 

' 

3. What are the principal ind ications for adjuvant postoperative external beam radiation 
therapy for patients with squamous cell carcinoma of the head and neck'? 

I .  Close or positive surgical margins 5. H igh risk of occult disease in an 
2. Extracapsular extension of nodal undissected neck 

disease 6. Invasion of soft tissues or skin 
3 .  Perineum! or vascular invasion of the head and neck 
4.  Multiple nodes containing metastatic 7 .  Bone or cartilage invasion 

cancer 8. Subglottic extension of laryngeal carcinoma 
In these circumstances postoperative radiation therapy improves locoregional control rates and 

survival compared with surgery alone. 

4. Describe the lymphatic drainage of the oral tongue. 
The oral tongue has an extensive array of lymphatics that drain to the cervical nodes. The supe

rior cervical ( level H) lymph nodes are the most common s i te of cervical metastasis from oral tongue 
cancers. Lymph nodes in levels I and l II are also at high risk for metastasis from early tongue cancer. 
Accordingly, surgical management of oral tongue cancers with c l in ical l y  negative ( NO) nodes fre
quently includes elective dissection of the nodes at highest risk for occul t  metastasis ( levels I, 1 1 ,  and 
I I I ) .  The supraomohyoid neck dissection removes nodes at h igh risk and provides staging in forma
tion for patients with squamous cell carcinomas of the tongue. 

5. Describe the staging of primary carcinoma in the oral cavity. 
The American Joint Committee on Cancer Staging (AJCC) proposed the fol lowing system for 

staging of primary tumors (T): 
TX Primary tumor cannot be assessed 
TO No evidence of primary tumor 
Tis Carcinoma in situ 
T l  Tumor ::; 2 cm i n  greatest dimension 
T2 Tumor > 2 cm but < 4 cm in greatest 

dimension 

T3 
T4 

Tumor > 4 cm in greatest dimension 
Tumor invades adjacent structures (e .g . ,  
through cortical bone, into deep muscle of 
tongue, maxi l lary s inus, skin .  Superficial 
erosion of bone/tooth socket by gingival 
tumor is not suffic ient to classify as T4.) 
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6. Describe the AJCC staging for regional lymph node metastasis (N) from oral cavity 
carcinoma. 

NX Regional lymph nodes cannot be assessed 
NO No regional lymph node metastasis 
N I  Metastasis in a single ipsilateral lymph node, $ 3 cm in greatest dimension 
N2 Metastasis in a single ipsilateral lymph node > 3 cm but < 6 cm in greatest dimension; 

in mult iple ipsi lateral lymph nodes, none > 6 cm in greatest dimension; or in bi lateral 
or contralateral lymph nodes, none > 6 cm in greatest dimension 

N2a Metastasis in a single ipsilateral node > 3 cm but < 6 cm in greatest dimension 
N2b Metastasis in multiple ipsilateral lymph nodes, none > 6 cm in greatest dimension 
N2c Metastasis in bi lateral or contralateral lymph nodes, none > 6 cm in greatest d imension 
N3 Metastasis in a lymph node > 6 cm in greatest dimension 

7. Describe the AJCC staging for distant metastasis (M) from oral cavity carcinoma. 
MX Distant metastasis cannot be  assessed 
MO No distant metastasis 
M l  Distant metastasis 

8. Describe the TNM stage grouping for oral cavity carcinoma. 

Stage 

0 

I I  

I I I  

IVA 

IVB 
lYC 

Primary Tumor Node Metasrasis 

Tis NO 
T l  NO 
T2 NO 
T3 NO 
T l  N I  
T2 N I  
T3 N I  
T4 NO 
T4 N I  

Any T N2 
Any T N3 
Any T Any N 

Distanr Metastasis 

MO 
MO 
MO 
MO 
MO 
MO 
MO 
MO 
MO 
MO 
MO 
M l  

9. What is the role of elective neck dissection in  the management of patien ts with early 
(stages I and II) squamous cell carcinoma of the oral tongue? 

Elective supraomohyoid neck dissection is usually recommended for patients with stages I and I I  
oral tongue cancers. Patients with T I  NOMO and T2NOMO oral tongue cancers have a substantial 1isk 
(30% and 50%, respectively) of occult metastatic disease in the neck. [f elective supraomohyoid dis
section identifies occult nodal metastasis in 2 or more lymph nodes or extracapsular nodal extension of 
disease, further treatment is warranted. Radiation therapy is the usual form of adjunctive treatment. I f  
only one (or  no)  node from the supraomohyoid dissection contains occult cancer, the  patient i s  a t  low 
risk for treatment failure and no additional treatment is indicated after supraomohyoid neck dissection. 

No studies definitively establish that elective neck dissection improves survival for head and neck 
cancers at all sites. Prospective randomized trials are difficult to structure and perform. Compel l ing 
arguments, however, continue to prompt elective neck dissection for early tongue cancer: 

l .  The rate of occult metastasis is high in early tongue cancer. Elective dissection identifies pa
tients with occult disease. 

2. Salvage rates for patients wi th neck recurrence are low. Elect ive neck d issection should 
reduce the chance for recun-ence in the neck by removing occult metastatic disease. 

3. S urvival after e lective neck dissection is h igher than after therapeut ic neck dissect ion .  
Patients who develop neck recurrence have a markedly reduced chance for survival; thus the oppor
tunity to remove nodal disease while sti l l  occult should improve survival. 
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On the other hand, only 30-50% of patients with early stage tongue cancer have true occult nodal 
disease. The remaining patients who undergo elective neck dissection for early stage tongue cancer 
wi l l  not have occult nodal disease. Unfortunately, no other method of evaluation and treatment iden
t ifies the patient with occult nodal disease. At present, supraomohyoid neck dissection functions as 
an appropriate staging procedure for patients with early squamous cell carcinoma of the tongue. 

10. What is the role of elective radiation therapy? 
Elective radiation therapy is also an effective option for treatment of the NO neck for patients 

with squamous cell carcinoma of the oral tongue. No studies comparing elective radiation therapy 
with elective neck dissection have clearly demonstrated the benefit of one treatment modal i ty over 
the other. Factors such as treatment choice for the primary lesion, health statu of the patient, and pa
tient preference determine the appropriate choice of treatment for the neck. Regardless of the choice 
of treatment, the prevai l ing opinion favors elective treatment of the NO neck for patients with inva
sive squamous cel l  carcinoma of the oral tongue. When surgery is used to treat the primary tongue 
cancer, elective neck dissection of the NO neck is indicated. 

1 1 . What methods are available for assessing mandibular bony invasion with carcinomas of 
the oral cavity? 

Determination of  the presence and extent of mandibular invasion is crit ical in formation of a 
treatment plan for the patient with oral cavity cancer. Various imaging studies are avai lable for as
sessment of mandibular bone invasion, including plain fi lms, orthopantography, CT, and MRI .  The 
precise location and extent of the primary oral cavity tumor help determine the best choice of imag
ing study. 

CT remains the most sensitive imaging study for assessing the integrity of the mandibular corti
cal bone. MRI  more clearly demonstrates the presence of marrow involvement. An intact mandibular 
cortical l ine on MRI is believed to be an accurate indicator of an intact cortex, but an i rregular corti
cal l ine and irregular marrow space are not specific indications of carcinoma because they also may 
be seen with infectious and inflammatory conditions of the mandible. 

1 2. What surgical techniques are appropriate for management of oral cavity cancers that are 
adjacent to or invade the mandible? 

Segmental mandibulectomy is indicated when carcinoma invades the mandible. The extent of 
the mandibulectomy depends on the extent of tumor invasion. An extraoral approach v ia the neck is 
often necessary to accompl ish segmental resection wi th appropriate surgical margins .  Choice of 
mandibular reconstruction procedure is based on the location of the defect .  The most deb i l itating 
mandibular resections involve the anterior arch of the mandible. Reconstituting the bony arch after 
resection is necessary to provide good postoperative function of the oral cavity. Lateral mandibular 
defects, however, rarely require extensive reconstruction for the patient to function well fol lowing 
segmental mandibulectomy. 

Mandibular-sparing techniques involving marginal (or rim) resections are appropriate when 
the tumor approaches or m inimally erodes cortical bone. Marginal mandibu lectomy is i ntended to 
provide a surgical margin that would be difficult to obtain with soft tissue resection alone. For exam
ple, marginal mandibulectomy is appropriate for surgical resection of a floor of mouth carcinoma that 
abuts but does not invade the inner surface of the mandible. Marginal mandibulectomy is oncologi
cally sound when appropriately used. I f  direct invasion of the mandible is identified during the course 
of marginal mandibulectomy, the procedure should be converted into segmental mandibulectomy. 

13. What are the most common sites for squamous cell carcinomas in the oropharynx? 
Tonsils, tongue base, soft palate, and pharyngeal wal l .  

14 .  What is the  role of  surgery vs. radiation in treatment of  early (Tl and T2) squamous cell 
carcinomas of the oropharynx? 

Early cancers of the oropharynx are stage I and stage If lesions. Early oropharyngeal cancer is 
relatively uncommon because the patient does not often recognize symptoms of early disease. In a 
significant number of cases, a neck mass is the first presenting symptom. The presence of a neck 
mass increases the disease stage to at least stage nr. 
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Surgery or rad iation therapy provides effective control of  early oropharyngeaJ cancers .  The 
morbidity of surgical access can be considerable. Dysarthria, dysphagia, and aspiration often occur. 
Radiation therapy is also accompanied by complications. Xerostomia, dysgeusia, and dysphagia are 
frequently reported by patients after radiation therapy for head and neck malignancy. In general, the 
morbidity that follows radiation therapy is less severe than the morbidity after surgery. The possibil
i ty of t issue preservation and diminished morbidity after treatment persuades many patients and 
physicians to choose radiation therapy as the ini tial tTeatment for early oropharyngeal cancers. 

15. How is the oropharynx accessed surgically? 
The oropharynx is accessed transorally or through pharyngotomy. T I  cancers of the tonsi l .  soft 

palate, and superior pharyngeal wall usually can be managed with transoral excision. Larger tumors 
and rumors of the tongue base typical ly require broader exposure. Mandibulotomy with mandibular 
swing offers excellent exposure to the oropharynx and parapharyngeal space. More l imited exposure 
to the lateral pharyngeal wall and inferior tongue base may be achieved with lateral and/or transhy
oid pharyngotomy. Elective neck dissection frequently is  appropriate when combined with surgical 
resection of the primary tumor. Neck dissection provides staging information about potential cervi
cal metastasis and frequently faci l itates surgical exposure to the oropharynx. 

16. What surgical techniques provide adequate visualization for resection of advanced oro
pharynx cancers'? 

The traditional technique for resection of advanced oropharynx cancer i s  comp site resection of 
the mandible and adjacent soft t issue containing the tumor. Th is procedure was fo1merly advocated 
because of the perceived need to remove mandibular cortex and periosteum that may harbor mi 
crometastasis. A number of surgical anatomists previously theorized that lymphatic vessels from the 
oral cavity and oropharynx traversed through the mandibular cortex and periosteum before dra.ining 
to the cervical lymph nodes. This theory has been disproved. Composite resection of the mandible 
may st i l l  be required when tumor involves the mandible. A sign i ficant advantage of composite resec
tion is  the broad exposure offered by the procedure. 

A significant drawback of composite resection is the result ing cosmetic and funct ional defor
mity. When possible, resection of oropharynx cancers should preserve the mandible. Mandibular os
teotomy with mandibular swing allows lateral retraction of the hemimandible. The combination of 
mandibulotomy and pharyngotomy provides good exposure to the oropharynx. A l ip-spl i t t ing inci
sion or mandibular v isor flap is useful to access the mandible for composite resecti n or mandibulo
tomy. After mandibulotomy, an intraoral incis ion is  made through the floor of mouth. Lingual ,  
hypoglossal ,  and inferior alveolar nerves are preserved when possible .  Various i nternal fixation 
methods may be used to reapproximate the mandible. 

17. What are the principle advantages of radiation therapy for early cancers of the orophar
ynx and hypopharynx? 

Radiation therapy is effective as a primary treatment for stages I and II cancer of the orophar
ynx and hypopharynx. Radiation offers treatment of the primary lesion as wel l  as all draining cervi
cal lymphatics. B i lateral and retropharyngeal lymph nodes are often at r isk for ccult  metastasis 
with oropharynx and hypopharynx cancers. Aggressive b i lateral neck dissection i s  necessary to 
remove these nodes. Dissection of retropharyngeal nodes is  often problematic. Extensive b i lateral 
nodal dissection is unnecessary with radiation therapy, which satisfactorily control occult metasta
s is .  In addit ion,  as prev iously mentioned, surgical access and surgical resection for oropharynx 
cancer often leave the patient with signi ficant functional morbidity. Resection of early hypopharynx 
cancers may require laryngectomy in some cases. Radiotherapy reduces posttreatment morbidity rel
ative to surgery and offers equivalent control and survival. 

1 8. What are the major differences in  cl inical behavior between cancers of the glottic and 
supraglottic larynx? 

The glottic larynx includes the true vocal cords, anterior commissure, and posterior commis
sure. The glottic larynx is smrounded by l igamentous structures that act as anatomic barriers to ex
tension of early glott ic cancers. The anterior comrnissure, vocal ligament, thyroglottic l igament, and 
conus elasticus are the principal anatomic structures that surround the glottic larynx. The glott is is 
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also poorly supplied with blood and lymphatic vessels. Accordingly, the risk of cervical metastasis 
with cancers confined to the glottis is low. The overall rate of cervical metastasis for T l  and T2 glot
tic cancers is less than 1 0%.  

The supraglottic larynx is composed of the epiglottis, preepiglottic space, aryepiglottic folds, 
ventricular bands (false cords), and arytenoids. The supraglottic larynx is richly suppl ied with blood 
and lymphatic vessels .  Like primary glottic cancer, early primary supraglottic cancers tend to stay 
confined to the supraglott is .  Un l ike glott ic cancer, early cervical nodal metastasis is m uch more 
l ikely because of the extensive supraglottic lymphatic network. The overa l l  cervical metastasis rate 
for T l  squamous ce l l  carci nomas of the supraglott is is approximately 25%.  The rate of cervical 
metastasis for T2 squamous cell carcinomas of the supraglottis may be as high as 70%. The risk for 
bilateral cervical metastasis is high because of the rich supraglottic lymphatic network. The risk for 
occult  nodal disease with T l  and T2 supraglottic carcinomas is as high as 50%. 

Behavioral patterns of early glottic and supraglottic cancers often al low function-sparing treat
ment .  T l  and T2 glottic cancers are usual ly treated with conservation surgery or radiation therapy. 
Cervical lymph nodes do not usually require treatment with early glottic cancers because of the low 
rate of occult  metastasis. The majority of T l  and T2 supraglottic cancers also may be treated with 
function-sparing surgery or radiation therapy. Because of the h igh risk for cervical metastasis, con
sideration should be given to elect ive treatment of  b i lateral cervical lymph nodes in all cases of 
supraglottic squamous cell carcinoma. 

19 .  What is the role of a larynx preservation strategy using radiotherapy with or without 
chemotherapy in  advanced laryngeal cancers? 

Total laryngectomy is the accepted standard form of treatment for most patients with advanced 
laryngeal cancer. Larynx preservation strategies using radiation therapy for selected advanced can
cers have been used for a number of years. More recently, chemotherapy has been used in combina
tion wi th rad iation therapy in an attempt to increase the effectiveness of laryngeal preservat ion 
protocols .  The overall goal has been to preserve larynges and to match or exceed local control and 
survival rates achievable with conventional treatment. The well-known study by the Department of 
Veterans Affairs Laryngeal Cancer S tudy Group clearly demonstrated that a population of patients 
with advanced laryngeal cancer can be cured without laryngectomy, but several important questions 
remain to be answered. The contribution of chemotherapy to successful laryngeal preservat ion is un
c lear. Chemotherapy may have selected patients who would have responded to radiation therapy 
alone. Additional studies are needed to define more clearly which patients w ith advanced laryngeal 
cancer wi l l  benefi t  from laryngeal preservation attempts and to define appropriate combinations of 
treatment modal i t ies. 

20. What methods are currently available for speech rehabilitation in  patients who undergo 
total laryngectomy? 

Return of speech function is  one of the most important determinants of quality of l i fe after total 
laryngectomy. The three general methods of speech restoration after total l aryngectomy are tra
cheoesophageal fistula (TEP) speech, esophageal speech, and use of a mechanical artificial larynx. 
Of the three, TEP speech has emerged as the favored method. 

A mechanical artificial larynx is  usual l y  the first form of alaryngeal speech after laryngec
tomy. Most patients can use the artificial larynx in the first few postoperative days. The voice quality 
of the artificial larynx is mechanical and monoton ic. Better voice quality is achievable with TEP or 
esophageal speech. Some patients, however, are not good candidates for the latter two methods be
cause of anatomy, coexisting condit ions, or preference; they can ach ieve satisfactory a laryngeal 
speech communication with a mechanical artificial larynx. 

Esophageal speech requires the patient to force air into the neopharynx and esophagus. Con
trolled release of the air then generates vibration of the pharyngoesophageal segment and produces 
sound. The patient uses the normal art iculat ion processes of the tongue and oral cavity to produce 
speech with the generated sound . The advantage of esophageal speech is that no specific procedures 
or devices are necessary. The significant disadvantage of esophageal speech is the difficulty in learn
ing to inject and release air properly in the pharyngoesophageal segment. Only I 0-25% of patients 
who undergo laryngectomy develop successful esophageal speech, despite intensive training efforts. 
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TEP speech requires surgical creation of a smal l  fistula between the esophagus and trachea. 
The fistula is created with tracheoesophageal puncture (usual ly  abbreviated a TEP) at the time of 
laryngectomy or as a secondary procedure. A prosthesis consisting of a one-way valve is then placed 
into the fistula within several days of TEP. To produce sound, the tracheostoma is occluded on exha
l at ion forcing air into the pharyngoesophageal segment. As in esophageal speech, vibration of the 
pharyngeal and esophageal walls creates sound. Injection of air v ia  TEP is much easier than with the 
esophageal speech method. Successful vocalization occurs in up to 95% of patients who have primary 
or secondary TEP. As w ith other methods of alaryngeal speech, patient selection is important to 
maximize the chance for success. Fortunately, most laryngectomy patients are now candidates for 
TEP, and significant complications of the procedure are rare. The simplicity of the procedure and high 
success rates make TEP speech the current standard of care for alaryngeal speech rehabi l itation. 

21. What is the appropriate treatment for a patient with metastatic squamous cell carcinoma 
of the neck when a primary malignancy has not been identified? 

The best method for managing patients with metastatic unknown primary squamous cell car
cinoma of the neck has not been determined in randomized prospective trials. Debate about most 
appropriate treatment ranges from radical neck dissection to aggressive radiation therapy aimed at 
the site of metastasis and l ikely primary sites. Unfortunately, studies are often difficu l t  to compare 
because patient populations are defined differently in the various studies. Published 3- and 5-year 
survival rates range from 40-55% and 25-54%, respectively. Of interest, survival rates are substan
tial ly better when the primary tumor remains occult. 

The c l in ical presentation and biopsy method often define the options for treatment of the 
metastatic unknown primary carcinoma in the neck. In the patient with an N l  neck and FNA biopsy 
diagnosis of malignancy, neck d issection is most appropriate as an init ial  staging and therapeutic 
procedure. Selective neck dissection is frequently possible. The pathologic findings in the neck dis
section specimen are often helpful in planning further treatment. The identified locations of cervical 
metastasis usually suggest one or more primary sites. Postoperative radiation therapy may then be 
directed at the neck, most l ikely primary sites, and contralateral neck to improve locoregional con
trol rates. 

Some N l patients may have open excisional biopsy of the metastatic node and no gross residual 
disease after biopsy. ln such cases, therapeutic radiation treatment is appropriate. The fields are ex
tended to cover potential primary sites. In the patient with N2 or N3 neck disease, radical or modi
fied radical neck dissection is necessary. Radiation therapy may precede or follow neck dissection. 
The choice of preoperative vs. postoperative radiation therapy depends on the initial resectabiJity of 
the neck disease and physician and patient preferences. Regardless of the c l in ical presentation, ag
gressive treatment of metastatic unknown primary squamous cell carcinoma of the neck is warranted 
considering the potential survival benefit. 

22. What is the role of fine needle aspiration (FNA) biopsy in management of salivary gland 
masses in  adults? 

Over 90% of persistent sal ivary gland masses in adults are neoplastic. The appropriate treatment 
for a l l  sal ivary neoplasms, benign or mal ignant, is  surgical resection. Most patients with sal i vary 
gland masses do not benefit from FNA biopsy because surgical resection is required and FNA pro
v ides l ittle infonnation that wi l l  change the need for surgery. 

Interpretation of FNA biopsy of sal ivary gland masses is difficul t .  Up to 20% of a l l  salivary 
gland FNA attempts y ield nondiagnostic material. Up to 20% of salivary gland FNA biopsies are 
falsely negative for mal ignancy. In addition, salivary gland masses are rare. Few pathologists have 
substantial experience in interpretation of cytologic material from salivary glands. Therefore, results 
of FNA biopsy of salivary gland masses are often open to question. Cl inical impres ions, regardless 
of FNA resul ts, should serve as the principal determinant for choice of treatment. 

FNA biopsy is useful for confirming c l inical impressions in certain circumstances. Patients who 
are poor surgical risks and probably have benign tumors should have FNA in an attempt to charac
terize the lesion. Some benign sal ivary neoplasms, such as Warthin's tumor, have fairly characteristic 
FNA findings. If  the lesion appears convincingly benign by cytologic exam, surgery usually may be 
safely deferred in patients with high risk for perioperative complications. 
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Patients who present with sal ivary masses and have a history of mal ignancy at another site also 
may have benefit from FNA. Confirmation of metastasis in the sal ivary g land may dramatical ly 
affect plans for treatment. Likewise, patients with lymphoma who have salivary gland masses can 
benefit from FNA. Otherwise, when the clin ical impression is sal ivary gland neoplasm, FNA biopsy 
does l i ttle to confirm or deny the need for surgical resection. 

23. What are the major indications for facial nerve sacrifice during surgery for parotid gland 
neoplasms? 

The only indications for sacrifice of a l l  or portions of the fac ial  nerve during parotid gland 
surgery for neoplasm are direct nerve invasion and inabil ity to remove the tumor without nerve sac
rifice. Histologic diagnosis (e.g., adenoid cystic carcinoma) and proximity of tumor to nerve without 
direct invasion are not appropriate indications for facia l  nerve resection. Rates of locoregional con
trol and survival after nerve preservation when direct invasion is absent are at least equal to more 
radical procedures that sacrifice the nerve in the absence of direct invasion. 

24. What is the role for neck dissection in the management of parotid cancers? 
Therapeutic neck dissection is clearly indicated in the treatment of parotid gland cancers that 

present with c l inically apparent cervical metastases. The role for elective neck dissection in patients 
with parotid cancer and an NO neck is much less clear. Parotid cancers rarely ( 1 0- 1 5%) present with 
cervical metastasis. In addition, metastases rarely occur in the neck when the primary cancer is con
trolled. Furthermore, patients who would otherwise benefit most from elective neck dissection typi
cal ly  have indications for postoperative radiation to the primary tumor site .  Occult cervical  
metastasis from salivary gland cancer is controlled with radiation therapy. Extension of the postoper
ative radiation therapy fields to the neck makes neck dissection unnecessary. 

Elective neck dissection, however, may be useful in selected cases to provide better exposure for 
resection of the primary tumor. An example is a deep lobe pa.rotid tumor with extension to the para.
pharyngeal space. Neck dissection allows access to the para.pharyngeal space from the neck and fa
c i l itates tumor resection. 

25. What is the appropriate initial management of patients with a thyroid nodule? 
Initial evaluation of a thyroid nodule should determine which patients wi l l  benefit from a surgi

cal procedure and which patients require medical management before or in lieu of surgery. One of 
the first appropriate diagnostic steps is determination of the serum level of thyroid-st imulating hor
mone (TSH) .  Cl inical suspicion also may prompt evaluation of thyroxine (T4) and triiodothyronine 
(T3) levels. If the patient is determined to be hyperthyroid, a radionucl ide scan is indicated to distin
guish a hyperfunctioning nodule from a cold nodule. Identificat ion of a hyperfunctioning nodule 
negates the need for further evaluation, because the risk of malignancy is extremely low. 

Most patients with a thyroid nodule have a normal serum TSH level. FNA biopsy of the nodule 
is indicated in such patients. Most FNA attempts yield adequate material. The rate of nondia.gnostic 
FNA biopsy of thyroid nodules is approximately 1 5%. This rate may be further substantially reduced 
with repeated aspiration. Al l  patients who have identifiable mal ignancy on FNA should be consid
ered candidates for surgical resection of thyroid mal ignancy. Only about 5% of patients, however, 
have lesions identified as mal ignant or suspicious for malignancy. The vast majority (at lea.st 60%) 
have benign lesions ident ified by FNA. Soli tary benign thyroid nodules are usually treated init ial ly 
with thyroid suppression therapy. 

FNA biopsy of the remaining patients identifies fol l icu lar epithel ium with varying degrees of 
atypia. Patients above the age of 50 are typically considered to be candidates for surgical resection 
because the risk of malignancy is relatively high. Younger patients who are otherwise asymptomatic 
usual ly may be afely treated with thyroid suppression. If the nodule does not resolve, surgical re
section is recommended. 

26. What are the major prognostic factors that predict clinical outcomes for patients with dif
ferentiated thyroid (papillary and follicular) cancers? 

Various classification and staging schemes attempt to predict outcomes for patients with differen
tiated thyroid cancers. Impo11ant prognostic factors are age at diagnosis, tumor size, histologic grade, 
extrathyroidal extension, cervical nodal metastas is, and distant metastasis. Different c lassi fication 
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systems weight each of the factors in a s l ightly different manner. Thus far, no s ingle system func
tions significantly better than any of the others. 

Despite the fact that no system satisfactorily predicts prognosis for any individual patient, some 
general conclusions can be drawn about prognostic factors. Low risk for recurrence and disease-re
lated mortality is  correlated with younger age at time of diagnosis, smaller size of the primary tumor, 
absence of extrathyroidal extension, absence of regional or distant metastasis, and complete surgical 
resection. 

27. What is the appropriate surgical margin for resection of cutaneous melanomas in the head 
and neck region? 

Precise recommendations for appropriate surgical resection margins for cutane us melanomas 
of the head and neck are difficul t  to make. General recommendations about margins for head and 
neck melanoma are extrapolated from data about melanomas of the trunk and extremities and from a 
l imited number of c l in ical studies about specific subsites of head and neck melanoma. 

Recommendations for surgical resection margins for melanoma are based on tumor thickness. 
All melanomas should be widely excised. The definition of wide excision depends on tumor thick
ness and subsite. For thin melanomas ( < 1 .0 mm in thickness), a I -cm margin of nonnal skin around 
the melanoma and into the underly ing subcutaneous t issue is adequate. Intermediate th ickness 
melanomas ( l .0-4.0 mm in thickness) should be excised with a 2-cm margin whenever possible. A 
principal problem with head and neck melanomas is that a 2-cm circumferential margin is often not 
possible without infl icting major cosmetic or functional deformity. The general rule is  that the wide 
excision is  canied to the anatomic margin of the cosmetic or functional unit .  S upponing structures 
such as nasal cartilage, perichondrium and periosteum can often be preserved. Partial rhinectomy is 
rarely  necessary for cutaneous melanomas of the nasal skin unless melanoma extends to the deeper 
supporting structures. Melanomas of the external ear can often be appropriately managed with 
wedge resection of  the external ear and primary closure. Using this phi losophy, l ocal control of  
melanoma in the head and neck can be expected in greater than 90% of cases. Improvement i n  sur
v ival has not been c learly associated with more extensive local resections for cutaneous melanomas 
of the head and neck. 

28. What is the role for elective neck dissection in the management of melanomas of the head 
and neck? 

The value of elective neck d issection for all patients with cutaneous melanoma of the head and 
neck is s t i l l  uncertain in terms of promoting improved surv ival .  The recent ly publ ished interim 
analysis of the Intergroup Melanoma Surgical Program suggests a survival benefit in selected sub
groups of patients, but results are not final and subgroup classification and analysis have been ques
t ioned. The most significant benefit of e lective dissection currently appears to be ident ification of 
patients with occult metastatic disease. Given the recent results of the Eastern Cooperative Oncology 
Group trials of adjuvant interferon-alpha-2b, identification of occult nodal disease and subsequent 
treatment with adjuvant interferon should provide survival benefit. Other methods for identification 
of  occult cervical metastasis, such as lymphoscintigraphy and sentinel node biopsy, may prove to be 
more cost-effective means of identifying patients who will benefit from postoperative adjuvant treat
ment. The lymph node drainage patterns of the head and neck are general ly more compl icated than 
those of the trunk and extremit ies. Ini tial studies seem to indicate the ut i l ity of lymphoscintigraphy 
and sentinel node biopsy, although further studies are needed to establish efficacy and cost-effective
ness relative to elective node dissection for patients with cutaneous melanomas of the head and neck. 
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3 4 .  LOCAL FLAPS O F  TH E H EA D  AN D N EC K  

G regory R .  D .  Evans ,  M . D  

GEN ERAL PRI NCIPLES 

1. What are the advantages of using local flaps in the head and neck? 
I .  S imilar color and texture of the skin for the site of the defect. 
2 .  Donor s i tes frequently can be closed directly. 
3. Skin grafts do not always have 100% survival and appear pale or more pigmented than sur

rounding skin. 
4. There is frequemly l i ttle or no scar contracture with the use of local flaps. 

2. Full-thickness defects up to what width can be repaired with composite grafts? 
1 .0- 1 .5 cm. In practical i ty, the color and texture mismatch prec ludes the use of grafts. One 

should make every attempt to use local tissue, when available, for reconstruction. 

3. What are the major problems with the use of local flaps? 
Local flaps of the head and neck require planning and experience. Flaps should be the same size 

and thickness as the defect; otherwise, problems will develop. The use of  local flaps i s  more d ifficult  
in chi ldren because of the lack of skin l axity. Preservation of local landmarks, such as the temporal 
hairline and eyebrows, is  v ital. 

4. In  the planning of local flaps, what are the two main vasoelastic biomechanical properties 
of the skin of which the surgeon must be aware? 

I .  Stress relaxation occurs when a constant load is appl ied to the skin, causing i t  to stretch. 
With time the load required to maintain the skin in its stretched posit ion decreases. 

2. Creep occurs when a sudden load is applied to the skin and is kept constant. The amount of 
extension increases with the passage of time. 

5. Where should incision l ines for local flaps and donor areas fall? 
Lines of  minimal relaxed tension. The skin tension is  at right angles to these l ines. 

6. In the design of a rotational flap, in what shape should the defect be excised? 
A triangle with the base as the shortest side. 

7. In a rotation flap, where is the line of greatest tension? 
The l ine of greatest tension extends from the pivot point of the flap to the edge of the defect 

nearest to where the flap prev iously lay. (See figure at top of next page. )  
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Area of  greatest risk 

Rotation flap. (From J ackson IT: Local Flaps in Head 
and Neck Reconstruction. St .  Louis, Mosby, 1 985, p I 0,  
with permission.) 

8. In an advancement flap, what is excessive skin at the base called? 
B urow's triangles, which are excised lateral to the flap base. 

Burow's triangle 

B urow's triangles. (From Jackson IT: Local Flaps in Head and Neck Reconstruction. St. Loui , Mosby, 1 985, p 
1 3, with permission.) 

9. How many potential flaps can be designed from each Rhomboid defect? 
Four. 
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The rhomboid (Limberg) flap. A ,  Four 
potent ial  flaps can be designed from 
each rhomboid defect. B, As with the 
Z-plasty, flap e levation should extend 
s l ightly beyond the base of the flap. C 
and D, The angles f the flap are se
cured wi th three-point sutures and the 
donor s i te i s  c losed d i rectly. (From 
Jackson IT: Local Flaps in Head and 
Neck Reconstruction. St. Louis, Mosby, 
1 985, p 1 7 ,  wi th permission . )  
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10. What are the common angles of the rhomboid defect created for flap closure? 
60° and 1 20°. 
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1 1 . Large circular defects can be converted into a hexagon to faci l itate closure. How many 
rhomboid flaps are available for closure of this defect? 

I I 
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The triple rhomboid. A hexagon can be converted into three rhomboids. Rhomboid flaps can be planned on the 
1 20° angle; thus, s ix potential flaps are available. Three of these flaps are used for closure of the defect. (From 
Jackson IT: Local Flaps in Head and Neck Reconstruction. St. Louis, Mosby, 1 985, p 1 9, with permission.) 

12. How many rhomboid flaps are most commonly used for closure of a hexagonal defect? 
Three. 

13. What are the angles used for a Dufourmentel flap? 
30° and 1 50°. This flap adheres to s imilar principles as the rhomboid flap but is  based on 30° 

and 1 50° angles i nstead of 60° and 1 20° angles. 

14. In the design of a Z-plasty, what angles yield what percentage of gain in length? 
• 30° --7 25% 
• 45° --7 50% 
• 60° --7 75% 

15. What is the major indication for a W-plasty? 
Scar revis ion. 

16. What are the causes of local flap failures in the head and neck? 
l .  A small flap designed to fi l l  a big hole 
2.  Hematoma 
3.  Damaged blood supply ( technical error) 
4. Making the flap extend outside the blood supply (design fault) 
5 .  Suturing the wound under tension and fai l ing to use a back cut 
All of the flaps discussed above can be used for defects in  the head and neck. 

FOREHEAD 

17.  Much of the forehead can  be anesthetized by  infiltration of local agents around which 
nerves? 

The supraorbital nerves, which are located at the junction of the central and medial thirds of the 
supraorbital rim and arise from cranial nerve (CN) V. 

18. The key concept in forehead reconstruction is a firm knowledge of which structures? 
Fixed aesthetic structures, such as the eyebrows and hairl ine. 

19. Which area of the forehead has thinner and more pliable skin? 
The glabel la region. 
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20. What is the motor supply to the forehead musculature? 
The frontal branch of the facial nerve (CN VIT), which lies on a l ine between the ear lobule and 

a point just lateral to the lateral end of the eyebrow. The frontal branch of the facial nerve l ies within 
the temporoparietal fascia superior to the zygomatic arch. The frontal branch of the facial nerve is  
located in a deep plane i n  the facial area and becomes more superficial as i t  crosses the zygomatic 
arch into the temporal region. Operative procedures that involve exposure of the zygomatic arch for 
reconstruct ion or subperiosteal exposure of the facial skeleton should be performed by d issection 
deep to the temporoparietal fascia to prevent injury. 

2 1 .  Where are the lines of minimal tension in the forehead? 
Transverse in the forehead and vertical in the glabella region. Scars placed on the diagonal are 

least sat isfactory. 

22. To avoid pin cushioning, how should incisions be placed? 
Vertically oriented through the skin. 

23. What are the four aesthetic units of the forehead? 
J .  Main forehead 3. Temporal 
2. Supra eyebrow 4. Glabel la 

24. Which technique allows additional length to rotational and other flaps on the forehead? 
Galea! scoring with intervals of 0.5- 1 .0 cm. 

25. When scalp mobil ity and galeal scoring are not sufficient, which technique allows closure 
of difficult defects? 

Bi l ateral rotational flaps. The defect is triangulated, and bi lateral scalp flaps are elevated. The 
forehead is denervated; however, because bi lateral flaps are elevated, symmetry is maintained. 
Problems may arise i f  the l ateral incis ions are carried too posterior to in te rfere w i th the b lood 
supply. 

26. How is supra eyebrow reconstruction best achieved? 
With island flaps based on the superficial temporal artery. 

27. Because of the limited amount of forehead skin, epidermolysis can occur. How should it be 
treated'? 

Conservatively. Bony exposure may require removal of the outer cortex and permitt ing the 
wound to granulate or skin-grafting of the defect. Alternatively, another local flap may be required. 

LIPS 

28. What are the major functional muscles of the l ips and cheeks? 
The orbicularis oris is  a complex sphincter that functions in  conjunction with the muscles of 

facial expression. Its deep and oblique fibers are positioned in and about the venn i l ion and function 
as a sphincter to approximate the l ips to the alveolar arch. The superficial elements receive decussat
i ng fibers from the buccinator and function to purse and protrude the l ips .  A major muscle of  the 
cheek is the buccinator, which originates from the alveolar process of the max i l l a, mandible, and 
pterygomandibular raphe and inserts at the corners of the mouth deep to the other muscles of facial 
expression. The buccinator fibers from above become continuous with the orbicularis of the lower 
lip and those from below merge with the orbicularis fibers of the upper l ip. On the superficial surface 
of the buccinator are the buccopharyngeal fascia and buccal fat pad. In t.he region of the third molar, 
the muscle is pierced by the parotid duct. The action of the buccinator is cheek compression, which 
serves to assist other muscles in mastication. The principal elevator of the upper l ip is  the levator 
labii superiorus. The zygomaticus major draws the lip up and back, whereas the risorius and bucci
nator clear the gingival sulci. Depression and l ip retraction are mainly controlled by the p latysma, 
depressor labi i  inferiorus, and depressor angul i i  oris. 
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29. What are the reconstructive goals of the lip? 
I .  Complete skin cover 4. Reestabl ishment of sensation 
2.  Reestabl ishment of a vermilion 5 .  Competence of the oral sphincter 
3. Adequate stomal diameter 
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30. During surgical resection and reconstruction, at what angle should the vermil ion-skin 
junction be crossed? 

90°. The vermil ion-skin junction should be tattooed with methylene blue using a 25-gauge needle 
before surgical resection. This approach avoids the loss of the white rol l  with appl ication of anes
thetic combined with epinephrine. Discrepancies in al ignment as l i tt le as 1 mm may be noticeable. 

3 1 .  In the staircase or stepladder technique for lip reconstruction, what is the measure of the 
horizontal component of the step excisions? 

The step technique al lows closure of defects up to two-thirds of the lower l ip .  This type of flap 
retains relatively good sensation and muscle continuity and function and may be adjusted for lateral 
defects. The horizontal component of the step excisions measure one-half the width of the defect; 
thus, usually 2-4 steps are required. The vertical dimension of each step i s  8- 1 0  mm. 

32. What are the indications for an Abbe flap? 
The Abbe flap is a h ighly useful flap that can be used for moderate-sized defects of the upper 

and lower l ip .  Indications for the flap include a moderate-sized defect of the lower l i p  that is  off 
center but spares the commissure, a defect of the philtrum of the upper l ip ,  and the need to restore 
symmetry to an overly small lower l ip  as part of a staged reconstruction. The flap should be posi
t ioned so that the width of the vermi l ion of the donor s i te matches the lip segment being replaced. 
The flap is  designed with the width one-half of the defect so that t i ssue deficiency wi l l  be shared 
equal ly between the upper and lower l ip. If a discrete aesthetic uni t  is rep laced, the exact corre
sponding size of the flap should be outl ined. Division of the flap occurs at 1 -2 weeks. 

33. How are defects of the commissure addressed? 
The Estlander flap is most useful in medium-sized lateral defects of the upper or lower lip that 

include the commissure. Its dissection is simi lar to the Abbe flap, but because i t  does not have to pre
serve an intact commissure, it can be performed in one stage. As with the Abbe flap, the Estlander 
flap is  designed to include approximately one-half of the defect. Secondary revis ions of the commis
sure may be required. 

34. Which tlap restores lip continuity with preservation of motor and sensory function? 
The Karapandzic flap, a modification of the Gi l les fan flap, maintains the neurovascular pedicle 

in the soft tissue wh i le rotating and restoring sphincter continuity. For this reason it tends to prov ide 
better functional results. 

35. The Bernard operation advances full-thickness local flaps with concomitant triangular ex
cisions to al low proper mobilization. What does the Webster modification of the Bernard
Burow cheiloplasty include'? 

1 .  Excis ion of skin and subcutaneous t issue only in Burow's triangles to maintain innervated 
muscle-bearing flaps. 

2. Location of the triangular excisions farther laterally in the nasolabial fold instead of next to 
the commissure. 

3 .  Paramental Burow's triangles to ease inferior advancement of the cheek t issue. 

36. What are the options for the restoration of hair-bearing skin for lip reconstruction? 
The nasolabial flap may be used for hair-bearing reconstruction of the upper lip. Full-thickness 

flaps, however, destroy the innervation to the upper lip. The temporal is land scalp flap also may be 
used for hair restoration. 

37. In commissure reconstruction, the restoration of what structure is critical? 
The restorat ion of the orbicularis oris sphincter mechanism is critical for oral competence. Th is 

mechanism can be restored by approximation of the muscle with suture. 
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CHEEK 

38. What are the aesthetic units o f  the cheek? 
The aesthetic units of the face are the topographic zones of the cheek: suborbital ,  preauricular, 

and buccomandibular. 

39. Small defects of the cheek area are best reconstructed with what type of flaps? 
Defects that are not amenable to primary closure are frequently suited for small local flaps. The 

laxity and vasculature of the facial skin enables the closure of defects that may not be acceptable in 
other body locations. The L imberg (rhomboid) local transposi tion and rotational flaps offer wel l
vascu larizecl t i ssue for wound closure. In addition, the use of these flaps over the malar eminence 
may prevent an ectropion clue to skin graft contracture. The nasolabial flap provides wel l-padded 
vascularizecl tissue. The bulky nature of the flap and the requirement of further revi sions of the clog
ears may preclude the use of this flap in some cases. 

40. Defects approaching 4 x 6 cm are best reconstructed with what type of flap? 
The cervicofacial flap describes a reconstructive method that requires extensive cervical cheek, 

retroauricular, and chin undermining for flap advancement. The flap can be extended onto the chest 
i f  necessary. The rotation of the flap is  in a superomedial direction, and a superior dissection lateral 
to the eye must be performed to prevent possible ectropion as the flap is  advanced. In smokers this 
flap should not be raised in the subcutaneous plane alone. Dissection into the mucosa allows closure 
of intraoral and through-and-through defects with this flap. 

41.  Large preauricular defects may require closure with what type of flap? 
Large neck flaps take advantage of the elastic neck tissue. The flap's design may al low a suffi

cient amount of tissue to be sutured on a plane between the helical attachment and the lateral brow. 
Lower placement of the flap may lead to an ectropion. The lower level of the flap incis ion should be 
above the clavicle. The donor site frequently may require skin graft ing, and the use of this flap w ith
out delay should be v iewed with caution. More stable forms of coverage may include free t issue 
transfer or alternative flaps. 

42. What are the advantages of the cervicopectoral flap? 
The medially based cervicopectoral flap offers many advantages. First, i t is vascularized by an

terior thoracic perforators off the internal mammary artery. Second, when the flap is delayed it may 
replace the entire aesthetic unit of the cheek. The flap is elevated deep to the platysma muscle and 
anterior pectoral fascia. 

43. The cheek can be anesthetized by infiltration of local agents around which nerves? 
The infraorbital nerve is located at the junction of the central and medial thirds of the infraor

bital rim at a point 0 .5- 1 .0 cm below the rim. The mental nerve exits from the foramen 1 - 1 .5 cm 
above the inferior border of the mandible (can ine premolar teeth). It l ies in a vertical plane along 
with the supraorbital and infraorbital nerves. The mandibular nerve supplies an area extending to the 
tragus but not incorporating the ear and stopping short of the inferior border of the mandible.  The 
lower cheek and neck are suppl ied by the anterior cutaneous nerves and the great auricular nerve. 

44. What is the motor nerve supply to the muscles of the cheek? 
CN VII to the superficial muscles and CN V to the masseter. 

45. Reconstruction over the malar eminence may impinge on what important structures? 
The lower lid and canthal areas. Flap design should be performed to place the minimal amount 

of tension within this area. Lower lid ectropion can be prevented by securing the advancing flap to 
the periosteum of the zygoma, thus preventing pull on the lower l id. 

H EAD AND N ECK  

46. What are the optimal characteristics o f  a technique for head and neck reconstruction'? 
Rel iabi l ity is perhaps the most important factor i n  any type of oncologic reconstruct ion .  

Patients requiring head and neck reconstruction usually have advanced disease, indicat ing e ither 
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l imited survival or the need for adjuvanl therapy. A fai led reconstruction that prolongs hospital iza
tion time and increases cost does not improve the quality of l i fe .  Furthermore, prolonged reconstruc
tion is time taken away from fami ly and/or additional adjuvant therapy. 

Expediency also must be considered for any reconstructive technique. In most cases a one
stage reconstruction should be employed. Patients seldom benefit from mult istaged procedures that 
take several months to complete, delaying adjuvant therapy and interfering with valuable fami ly time. 

In addition to rel iabil ity and expediency, reconstruction must provide function and cosmesis. 
Whether restoration of contour is possible depends on the defect size and location and the structures 
involved. The type and grade of the tumor as wel l  as the psychologic make-up of the patient deter
mine the reconstructive method that wi l l  provide the best function and contour. 

47. How are defects of the head and neck classified? 
Three categories of head and neck defects have been ident ified by Hanna. The type of defect 

must be defined before choosing a reconstructive modality. 
Class A: defects requiring mandatory cover. Class A defects include exposed brain and/or 

dura, ocular structures, great vessels of the neck, upper mediastinum and lungs, and/or bone (calvar
ial or facial bones). Coverage of these structures is critical for wound healing and survival , reinforc
ing the need for a rel i able and exped ient method. Flap fai lures may be l i fe-threatening in such 
situations. 

Class B: defects yielding significant functional deficits. Class B defects include those involv
ing the mucosa and soft t issue of the oral cavi ty, mandible, l ips and cheeks, and/or facia l  nerve. 
Reconstruction of  these structures i s  not critical for survival; however, marked functional deficits 
occur without adequate reconstruction. In particular, oral continence must be maintained. 

Class C: defects yielding significant aesthetic deficits. Class C defects involve special ized 
structures such as the nose, ears, eyes, hair-bearing areas (e.g., mustache, eye brows), and/or external 
skin contours (wi thout exposed bone). Although loss of these structures may result in a significant 
loss of cosmesis and quality of l i fe, the t iming of reconstruction is  less important than with class A 
and B defects. Immediate reconstruction is often not imperative. Temporized wound coverage with 
simpler reconstructive methods may be used. Definit ive reconstruction may be postponed unti l  adju
vant therapy has been completed. 

48. Which flap, based on the superficial temporal vessels, can cover large external or intraoral 
defects? 

The forehead flap can include one-half to two-thirds of the forehead and traditionally was used 
for intraoral reconstruction with a two-stage procedure. The original flap did not include the con
tralateral forehead t issue; however, the entire forehead may be included with the d issection. 
S ignificant donor site morbidity and microsurgical reconstruction preclude the use of this flap except 
for a few indications. 

49. Although able to supply well-vascularized muscle and fascia from the lateral head, signifi 
cant donor site deformity may occur from the use of  which flap? 

The temporal muscle and fasc ia flap offers v iable and wel l-vascu larized t issue for defects 
around the orbit and upper cheek area. Traditionally the flap also was used for intraoral reconstruc
t ion. S ign ificant donor s ite deformity has encouraged reconstruction by other methods. However, 
this flap is st i l l  useful for orbital and cranial base surgery. 

50. What is the vascular supply of the deltopectoral flap? 
The deltopectoral flap has three main vascular contributions. Most of the skin from the sternal 

border to the deltopectoral groove is suppl ied by the first four perforat ing branches of the internal 
mammary artery, primari ly  the second and th ird branches. At the upper port ion of  the delto
pectoral groove, branches from the thoracoacromial artery supply the upper midportion of the flap. 
The area of the flap overlying the deltoid muscle is suppl ied by perforating vessel s .  The deltoid 
portion constitutes a random flap supported on the end of the ax ial ly suppl ied pectoral skin. Delay 
is frequently necessary to increase viabi l i ty before transfer. The use of this local flap is  currently 
l imited. 



1 92 Local F laps of the  Head and Neck 

51 .  The deltopectoral flap can be transferred without a delay procedure so long as the skin 
paddle in the deltoid portion distal to the cephalic groove does not exceed what length/width 
ratio? 

l :  I .  

52. The blood supply of the sternocleidomastoid myocutaneous flap is derived from what 
three sources? 

I .  Occipital artery in the proximal one-third 
2. Superior thyroid artery in the middle one-third 
3. A branch from the thyrocervical trunk in the distal one-third. 
The main l imitation of this flap is its variable blood supply and l imited arc of rotation. I t  has been 

termed the most tenuous of all the musculocutaneous flaps used for head and neck reconstruction. 

53. Which flap is thin with a variable blood supply but may offer both sensation and animation? 
The platysma myocutaneous flap has a variable blood supply. Some authors describe the flap as 

a type II  muscle in which the major vascular pedicle is the submental branch of the facial  artery and 
the minor pedicle is  the superficial branch of the transverse cervical artery. Other authors disagree, 
stating that the b lood supply is from multiple perforating vessels .  A lthough theoret ical ly advanta
geous as thin pl iable t issue, the flap is  generally considered unre l iable. 

54. Based on the transverse cervical artery, which flap can be elevated in a lateral or descend
ing direction? 

The trapezius myocutaneous flap can be designed in several directions. The l ateral trapezius 
flap provides thin, pl iable skin over the proximal deltoid area. The origin of the superficial branch of 
the artery and venous drainage hamper the elevation of this flap. The lower trapezius myocutaneous 
flap is  based on the deep branch of the transverse cervical artery and innervated by the posterior 
branch of the spinal accessory nerve. The flap is  frequently l imited by its arc of rotat ion, and the 
donor site over the acromioclavicular joint is subject to high operative morbidity. 

55. Which versatile flap is based on the pectoral branch of the thoracoacromial artery? 
The pectora l i s  myocutaneous flap is  based on the thoracoacromial  artery (pectoral branch) ,  

which exits the subclavian artery at the midportion of the clavicle and courses medial to  the insertion 
of the pectoral is minor tendon. The flap can be designed with a skin paddle centered over the lower 
portion of the muscle, which can be placed intraorally if necessary. The flap has been described as 
raised as high as the orbits; however, in practicality i t  is  d i fficul t  to secure the closure without sig
n i ficant downward pull on the m uscle.  The flap can be modified with an extended random skin 
component or wi th two separate skin paddles that can be divided. A rib may be harvested with the 
flap for bony reconstruct ion.  H igher elevation of the flap can be performed with d iv is ion of  the 
clavicle. 

56. What is the dominant blood supply of the latissimus dorsi muscle? 
The dominant blood supply is  the thoracodorsal branch of the subscapular artery. The flap is  e l

evated and skeletonized on i ts  vascular pedicle.  The muscle i s  detached from its i nsert ion on the 
humerus and transferred by tunnel ing or curving i t  around to the head and neck defect. The main at
tributes of the latissimus dorsi are its large size, wide excursion, and l i tt le donor s i te morbid ity. The 
arc of rotation for head and neck defects is difficult and frequently precludes the use of this flap. 
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3 5 .  NASAL RECO N STRUCTIO N  

RO!:i Hong ,  M D , and Frederick J .  Menick , M D 

1. What are the nasal subunits? Are they important in reconstruction? 
The nose may be div ided into n ine topographic subunits comprised of the dorsum, tip, col

umell a, and paired sidewal ls, alae, and soft triangles. Each subunit has a characteristic skin quality, 
unit  outl ine, and three-dimensional contour. The normal nose is reestabl ished only if each of these 
characteristics is  restored. More than obtaining a healed wound, the subunits that describe the nose 
v isually must be restored. 

Nasal subunits. (From B urget GC, 
Menick FJ : Aesthetic Reconstruction 
of the Nose. St. Louis, Mosby, 1 994, 
with permission.) 

2. What are the principles of subunit reconstruction? How are they applied? 
If a defect is  to be repaired and the nose look normal, the characteristics of each subunit must be 

reestablished. The surgeon must recreate the unit, not just fil l  the defect. If a defect encompasses 
more than 50% of a subunit, i t  i s  useful to discard adjacent normal tissue about the defect so that the 
skin of the entire subunit is replaced, not just the missing skin of the defect. This approach positions 
border scars in  the expected shadows or reflections of subunit  borders and ensures a uniform skin 
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quality to the unit .  A patch- l ike effect is avoided. Also, when an entire convex unit is resurfaced with 
a flap, the inevitable trapdoor contraction that occurs in the underlying scar bed acts to recreate the 
expected convex contour of the entire subunit. This technique avoids the pincushion effect, which 
may occur when a smal l  flap is placed within a defect that includes only part of a unit .  M issing t is
sues also must be replaced exactly, bringing neither too much nor too l ittle to the wound. I f  exces
sive or too l i tt le tissue is placed within a defect, the adjacent landmarks and outl i ne wi l l  be d istorted 
outward or inward. S imi larly, flaps and grafts should be fashioned with a template designed from the 
contralateral subunit or the ideal so that the outline and quantity of replaced tissue are exact. Contour 
i s  the most important determinant of normal. Judicious subcutaneous sculpturing and the use of pri
mary bone and cartilage grafts to create a nasal framework must be employed primarily  to prevent 
soft tissue collapse and late soft tissue contraction. 

3. Is the quality of nasal skin uniform over its surface? 
Skin quality (color, texture, and thickness) differs from one region of the nose to the other. The 

skin of the nasal dorsum and sidewalls is thin, smooth, and pl iable. The skin of the t ip and alar sub
units is  thick, stiff, and pitted with sebaceous glands. These regional differences in skin qual i ty sug
gest different methods of reconstruction based on the location of the defect and method of wound 
closure. Skin grafts, because of the temporary ischemia associated with revascu larization, always 
appear thin and shiny after transfer. They frequently become hypopigmented or hyperpigmented. 
Thus, a ful l -thickness skin graft can be expected to blend well in the smooth-skinned zones of the 
dorsum or sidewalls. The lax skin of these subunits also lends itself to the use of a local single-lobed 
flap. In contrast, a thin, shiny skin graft wi l l  appear as a patch i f  placed within the normally thick, 
p i tted sk in of the t ip or ala.  A local or regional flap that wil l  maintain its skin quality i s  a better 
choice for t ip or alar resurfacing. 

t . 
\ 

,� 
· �  

Zone of 
thick skin 

Zones of nasal skin qual i ty. (From Burget GC, Menick FJ : Aesthetic Reconstruction of the ose. St. Louis ,  
Mosby, 1 994, wi th  permission.) 

4. How should a nasal defect be analyzed? What are the reconstructive implications? 
The nose is covered by skin that matches the face in color and texture, supported by a bone and 

cart i lage framework and l i ned by thin  vascular stratified epithel ium and mucosa. The t issue loss 
from each layer must be identified and replaced with similar material. Lining material must be thin 
enough to prevent a bulky obstruction of the airway, pl iable enough to conform to the desired frame
work contour, and vascular enough to nourish overlying carti lage or bone grafts. The shape and in
ternal framework of the reconstructed nose must be provided by cartilage or bone grafts. These 
supporting materials should be placed primarily to prevent soft tissue col lapse and late contracture 
due to scarring associated with wound healing. Final ly, covering skin that matches the face in color 
and texture must be provided. 

Just as a surgeon analyzes the anatomic loss, he or she also must examine the aesthetic loss. The 
wound may be healed but the visual appearance of the nose not restored if the characteristics of the 
nasal unit and each of its subunits are not reestabl ished. Each visual subunit must be analyzed and its 
character restored by using appropriate tissues and l ining techniques that recreate the expected visual 
subunit appearance. 
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5. What are the advantages and disadvantages of potential donor sites for skin grafting in 
nasal reconstruction? 

For superficia l  defects w ith a vascularized bed, ful l -thickness skin grafts can be used to resur
face defects of the upper two-thirds of the nose in the zone of smooth skin but are usually an inap
propriate choice for defects within the thicker sebaceous sk in  of the tip or alae. Preauricular skin 
provides an ideal match. Grafts of 2-2.5 cm can be harvested from the hairless skin anterior to the 
ear in both males and females. The donor site is closed primarily. Postauricular skin i s  also of value 
but may appear reel postoperatively. Supraclavicular skin is available to resurface the entire nose i f  
necessary, although the color match i s  less satisfactory. Supraclavicular skin usuall y  has a brownish 
hue once it has healed in place. Spl i t-thickness skin grafts are used only as temporary wound dress
ings and are infrequently used in nasal reconstruction. 

6. What is the role of composite grafts? 
The most common donor site for a composite graft is the root of the auricular hel ix.  A skin sand

wich contain ing thin ear cartil age posi tioned between two l ayers of skin is avai lable. Adjacent pre
auricular skin also may be harvested in continuity with the root of the hel ix  and the donor site closed 
primarily. Composite grafts must be placed on a well-vascularized bed. The size of the graft should 
be l imi ted to 1 .5 cm or less to enhance survival. Postoperative cooling with cold saline compresses 
may be helpfu l .  Composite grafts are used for full-thickness defects of the alar rim and may provide 
a relatively simple one-stage reconstruction. In the long te1m, they usually appear thin and shiny and 
do not blend perfect ly. Nevertheless, composite grafts are a useful option, especial ly for defects of 
the alar margin .  

7. How are local flaps used in nasal reconstruction? 
For small nasal defects, local flaps are an excellent option. Various flaps can be used for defects 

in the th in ,  mob i le skin of the upper nose. A l l  of them redistribute the relative excess of l ax skin 
within the sidewal l  and dorsum to cover the defect while allowing primary closure of the donor s i te. 
Fortunately, most inc is ions on the nose heal with good scars. A local flap may be used i f  the defect is 
less than 1 .5 cm in diameter and if cart i lage grafts are not needed. There i s  not enough excessive 
nasal skin to redistribute over the nose to cover larger defects, and the tension created by wound 
closure w i l l  col lapse a del icate cart i lage framework. A forehead or nasolabial flap is  required for de
fects greater than I . 5  cm or those requiring reconstruction of a cartilage framework. 

8. What are the advantages of a bilobed flap? Where is it most useful? 
The thick sebaceous and adherent skin of the tip and ala does not lend itself to the use of a local 

flap as eas i ly  as the upper nasal two-thirds. The bi lobed flap (as modified by Zite l l i )  is  an exce l lent 
option for nasal t ip and alar defects, however. I t  redistributes excessive tissue from the upper nose to 
the tip and alae by transferring skin as a bi lobed flap. Limiting the rotation of each lobe to less than 
50°, performing a primary excision of the dog-ear, and wide undermining of the submuscular p lane 
just above the perichondrium and periosteum aid in its success. It is difficult to resu1face the tip and 
alae with a c lassic single-lobed flap. The pedicle blood supply to a s ingle-lobed flap is  in jeopardy at 
the time of dog-ear exc is ion, and the rotation of this st iff tissue through 90° of rotation is difficult .  

GeomeJric bi lobed flap.  (From Burget 
GC, Menick FJ: Aesthetic Reconstruction 
of the Nose. St. Louis, Mosby, 1 994, with 
pe1mission . )  

First lobe 
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9. How is the nasolabial tlap used in  nasal reconstruction? What is its blood supply? 
The use of cheek t issue was popularized by French and German surgeons i n  the 1 800s. The 

blood supply of a modern flap is based on the perforators from the facial and angular arteries that 
pass through the underlying levator labii and zygomatic muscles to the skin. The flap design is posi
tioned just lateral to the nasolabial fold; on c losure, the scar l ies exactly within the nasolabial crease. 
Its proximal base is posi t ioned over the rich subcutaneous blood supply that enters from its deep 
aspect. The distal t ip of the flap, situated at or just distal to the oral commissure, can be elevated with 
just a few mi l l imeters of subcutaneous tissue and then rotated on i ts thick subcutaneous superior 
pedicle to cover the alar subunit . Three weeks later, the flap pedicle is divided and the alar base inset 
completed. Nasolabial tissue is an ideal replacement for the alae. However, the amount of available 
tissue is l imited, and attempts at extending the pedicle to reach the t ip or dorsum are iisky because of 
an unreliable blood supply. 

A nasolabial flap also may be folded on itself to provide both cover and l in ing for a full-thick
ness defect. However, the blood supply is put at risk by folding, primary cartilage grafts are difficult 
to posit ion, and the result usual l y  appears bulky and thick. Excessive skin from the nasolabial fold 
also may be transferred in one stage as an extension of a random cheek flap. However, a second re
v ision is usual ly required to recreate the normal alar crease, and i t  is almost impossible to create a 
truly aesthetic alar base inset when such a nasolabial flap design is used to rebu ild a defect that in
cludes the nasal sill and alar base. 
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Subunit nasolabial two-stage flap. ( From 
Burget GC. Menick FJ: Aesthetic Recon
struction of the ose. L Louis, Mosby, 
1 994, wi th permission. ) 

10 .  What do you know about the history of nasal reconstruction? 
In 600 B.C. ,  Sushruta described the reconstruction of the nose with forehead and cheek flaps in  

t he  Hindu Book of Revelation. In  the late 1 6th century, Tagl iacozzi, an  Italian, published a treatise on  
the  use  of the  pedicle arm flap. The forehead flap was first used in  the  Western world by J oseph 
Carpue in England, who had read accounts of the Indian forehead flap in a J 795 issue of Ge111/eman '  s 
Magazine. He publ ished two case reports in 1 8 1 6 . In this century, G i l l ies, Converse, and M i l l ard 
have p ioneered developments. 
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11 .  How can forehead tissue be transferred? 
Lateral forehead skin can be transferred on the un i lateral superfic ia l  temporal artery ( New 's 

sickle flap) or the contralateral superficial temporal artery (Converse 's scalping flap). Both relatively 
extensive procedures use a hairy scalp pedicle to transfer forehead skin to the nose. The trad itional 
median forehead flap takes central forehead skin based on both right and left supraorbital vascular 
arcades. However, because of the profuse blood supply to the forehead, midl ine forehead tissue may 
be transferred as a paramedian flap based on a uni lateral supratroch lear pedicle .  Enough skin is  
available to resurface an entire nose. 

12. Describe the blood supply to the paramedian forehead flap. 
The blood supply of the central forehead enters vertically from below the supraorbital rim and 

ascends vertically just above the periosteum. The rich arcade of vessels aris ing from the supraorbital, 
supratrochlear, infratrochlear, and dorsal and angular branches of the facial  artery pass superiorly 
from deep to superficial .  Above the mid forehead and toward the hairl ine, the axial vessels l ie in  the 
subcutaneous tissue just deep to the dermis .  I t  is safe to elevate the d istal 1-2 cm of a paramedian 
forehead flap with skin and a thin layer of subcutaneous t issue. More inferiorly, the flap should be 
e levated deep to the frontal is  muscle, just above the periosteum, to protect the blood supply. The 
forehead flap itself should be designed vertically to include the vertical ax ial blood supply. 

13. Is there enough skin to make a nose from the midline forehead? Is the reach too short? 
How wide should the pedicle be? Should I delay the procedure for safety? 

Enough skin to resurface an entire nose can be easily transferred with a paramedian forehead 
flap. The flap may be designed on either the right or left supratrochlear vessels .  Either may be used 
for m id l ine defects, but the reach of the flap is easier when it is based on the same side as a l ateral 
defect. A template of the required missing forehead skin should be placed at the hair l ine and de
signed with a 1 .5-cm pedicle above the supratrochlear vessels .  The narrow pedicle a l lows easy rota
tion without undue tension. I f  the arc of rotation is short, an addit ional 1 .5 cm can be added by 
extending the flap t ip into hair-bearing scalp. If the patient is a healthy nonsmoker, the distal flap can 
be thinned to the subcutaneous tissue layer and hair fol l icles destroyed by excision and l ight coagu
lation. An additional l .5  cm can be obtained by extending the flap pedicle base below the supraor
bi tal rim towards the canthus, snipping fibrous bands under magnification but maintaining vessels 
intact. The flap should be designed vertically to maintain its axial blood supply. When so designed, 
the flap does not require delay and has sufficient length to reach all nasal defects, including the col
umella. Curving the flap eccentrically across the forehead destroys its axial nature and puts the distal 
flap in jeopardy. There are few indications for flap delay. The resu l t ing scarring and stiffness only 
make later transfer more difficult .  

1 4. How and why are primary bone and cartilage grafts used in nasal reconstruction? 
A nose looks l ike a nose because of its shape. It is the underlying bone and skeletal framework 

that provides support, nasal projection, and airway patency and recreates a subtle contour that de
fines the normalcy of each nasal subunit. Cover and l ining alone are inadequate. 

15. When and how should bone or cartilage grafts be used? 
The soft tissues of cover and l i ning wi l l  collapse without support and be fixed into a shapeless 

mass by scar. Once scar contraction has occurred, i t  is d ifficult to reexpand soft t issues. Thus, bone 
and cart i lage grafts should be placed primari ly before wound heal ing is completed. Cartilage grafts 
depend on l ining for vasculari ty, and l in ing and covering skin depend on primary cartilage grafts for 
support and contour. I f  missing, a support framework for the dorsum, sidewal ls ,  alae, columel l a, and 
tip must be replaced. Although the ala normally contains no cartilage, a cart i lage alar batten should 
be used when the ala is  reconstructed to maintain its support and shape and to fight the upward con
traction associated with wound healing. 

16. What donor tissues are available for nasal support'? What are the advantages and disad
vantages of each'? 

If available, septa! cart i lage is  the first choice for most nasal grafts. lt can be harvested much as 
cart i lage is  removed in a submucous resection, leaving a strong septa! L for central midl ine nasal 
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support. The concha of the ear also provides excellent material for ala and tip support. Rib cartilage 
or rib osteochondral grafts are used for large support defects of the dorsum. Cranial bone grafts also 
may be used but have a higher rate of reabsorption. Remember that a nasal framework provides sup
port, braces the soft tissue against myofibroblast contraction, and imparts, when seen through a thin 
covering skin, a nasal shape. Thus, every nose must have a dorsal buttress. sidewall brace, alar carti
l age reconstructions, and a columel lar strut support. Although the normal ala contains no cartilage, 
an alar batten placed along the alar rim provides its shape and support. A lthough the importance of 
support has been stressed in  this century, only recently has the importance of  a precise, complete 
skeletal framework been emphasized. Limiting nasal support to a cantilever bone graft or rib L-strut 
does not provide the requirements for long-term success. 

17. Practically speaking, what is the most important anatomic layer in nasal reconstruction? 
The replacement of miss ing l in ing tissue is the most difficul t  challenge in  nasal reconstruction 

and frequently determines the final outcome. Lining must be vascular enough to nourish primary 
carti l age grafts, supple enough to conform to the appropriate nasal shape, and thin enough so that the 
airway is not obstructed. Poor results of nasal reconstruction can often be traced to initial provision 
of insufficient or poorly vascularized l ining tissue. 

18. What are the options for nasal l ining? 
The importance of nasal l in ing has been emphasized since the work of Gi l l ies in World War I .  

Tradit ional ly, nasal l in ing has been suppl ied with turnover h inge flaps of adjacent intact covering 
skin, folding of a forehead flap upon itself to supply both cover and l ining, or skin grafting the fore
head flap at a prel iminary operation as it l ies in the forehead before transfer. AU of these methods 
have the disadvantage of providing poorly vascularized l in ing and make the placement of primary 
cart i lage grafts difficult. 

In  most circumstances, residual intranasal l in ing is the first choice for reconstruction because of 
i ts vascularity, avai lab i lity, and pl i ab i l ity. Fortunately for surgeons, the septum is perfused by the 
septa! branch of the superior labial artery, which permits elevation and lateral transfer of the septa! 
mucous membrane on a 1 .2-cm pedicle based in  the soft tissue at the nasal spine. The entire septum, 
in fact, may be rotated out of the pirifom1 aperture as a sandwich of cartilage between the right and 
left septa! m ucosa when based on both superior labial arteries. The facial artery and i ts angular 
branches also supply numerous branches to the soft tissues of the lateral nose and alar base. 

Frequently, when part of the ala is missing, residual vestibular skin remains intact above the 
defect .  In such circumstances, a bipedicle flap of residual vestibular skin can be incised in the area of 
the i ntercart il aginous l ine and advanced inferiorly to the desi red alar rim leve l .  The defect above 
may be fil led with a ful l -thickness skin graft, raw surface outward, or by an ips ilateral septa! mu
cosa! f lap based on the ipsi lateral superior labial artery. For larger defects, mucoperichondrial flaps 
based on septal and anterior ethmoid vessels provide significant amounts of highly vascularized thin 
and supple t issue. The entire septum also may be used as a composite chondromucosal flap to pro
vide both l in ing and cart i lage support. (See figure, top of next page.) 

19. Is tissue expansion helpful? 
Advocates of tissue expansion have used it prior to nasal reconstruction to increase the available 

tissue and to assist in primary closure of the forehead. In fact, tissue expansion is  rarely  necessary. 
Enough skin can be transferred on an ipsi lateral paramedian forehead flap pedicle to resurface the 
entire nose. Because the pedicle is narrow, closure of the inferior forehead defect is easy. Any defect 
that remains and cannot be c losed primari ly is h igh in the forehead under the hairl ine. S imply 
dressed with petrolatum gauze, i t  wi l l  heal  by secondary intention and autoexpansion of the fore
head. It is unnecessary to skin-graft the forehead defect or to use pre l iminary tissue expansi on .  I n  
fact, the capsule that forms around the tissue expander may diminish the pl iabi li ty o f  the forehead 
flap or the quality of the overlying skin. It is also difficult  to predict the degree of tissue retraction 
that follows expansion and the late effects of slcin shrinkage. Tissue expansion favors the donor s i te 
at the expense of the nose. As a central facial defect, the nose always takes prio1ity. The forehead is a 
forgiving donor site and is of lesser aesthetic importance. Although rarely required, tissue expansion 
may be used secondarily after nasal reconstruction to improve the donor site. 
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lpsilateral 

Long composite 
Angled composite 

® 

Whole septa! composite 
Septal plus middle vault lining 

Variations of the septa! i ntranasal l i n ing flaps. (From Burget GC, Menick FJ: Aesthetic Reconstruction of the 
Nose. St .  Louis, Mosby, 1 994, with permission.) 

20. What are the most frequent mistakes in nasal reconstruction? 
• Not v isualizing the desired aesthetic result before surgery. 
• Not planning each step in three dimensions and imagining the outcome of a reconstruction for 

the specific location and method of transfer. 
• Not taking the time or requisite ski l l  to fabricate your goal. 
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1 .  What are the components of the posterior lamella of the upper l id? 
Each eyel id  is  a bi lamellar structure divided by the orbital septum. The anterior lamel la of  the 

upper l id is  composed of the skin and orbicularis ocul i  muscle. The posterior larnel la of the upper l id 
is composed of the tarsus, levator aponeurosis ,  Mul ler's muscle, and conjunct iva. The levator 
aponeurosis is  unique to the upper l id and is analogous to the capsulopalpebral fascia of the lower 
lid. The anterior lamella of the lower l id is composed of the skin and orbicularis ocu l i  muscle. The 
posterior lamel la of  the lower lid is composed of the tarsus, capsulopalpebral fascia, and conjunc
tiva. The orbital septum is a fascia! membrane of variable thickness that resists the pread of infec
tion, hemorrhage, and inflammation. 

A nterior and posterior lame l l ae of  the 
eyelids. 

orbicularis oculi 

skin 

orbicularis oculi 

--R1Phli"iiil�---- Mul ler's muscle 

1�1WJ--�---- conj unctiva 
'11111'1---fl..----- tarsus 

�?t---..l�----- tarsus 
------- conjuncti va 

\\'l!li�_,..oo-_ capsul opal prebral 
orbital septum ---ftlr<ID.\.I� fascia 

arcus marginal is  

2. Describe the anatomy, innervation, and function of the orbicularis ocul i  muscle. 
The orbicularis ocul i  muscle, which is innervated by the facial nerve, is responsible for l id clo

sure. It is subdivided into the pretarsal, preseptal, and orbital muscles. The orbicularis oculi is  con
t inuous with the submuscular aponeurotic system (SMAS) in the upper face as is  the platysma in  the 
lower face. The l acrimal pump mechanism is intimately associated with the orbicularis muscle.  
Contraction of the pretarsal muscle shortens and closes the canalicul i ,  whereas the preseptal muscle 
pulls on the lacrimal diaphragm, resulting in a negative pressure within the lacrimal ac. Upon relax
at ion, tears are driven into the nasolacrimal duct. 

3. What is the vertical d imension of the upper and lower tarsus? 
The tarsal plates form the structural framework of the eyelids. The vertical height of the upper 

tarsus is  approximately l O  mm. The vertical height of the lower lid ranges from 3.8-4.5 mm. 

4. How is levator palpebrae superioris function measured? 
The levator muscle, a striated muscle innervated by the th ird cranial nerve, is responsible for 

raising the l id .  The muscle originates from the superior/posterior orbit ( lesser wing of the sphenoid) 
and broadens into the levator aponeurosis, which in turn inserts onto the tarsus. The levator aponeu
rosis extends laterally and medially into the horns, each of which attaches to the lateral retinaculum 
and posterior lacrimal crest, respectively. The lateral horn divides the orbital and palpebral lobes of 
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the lacrimal gland. Levator function is measured by the distance (mm) that the upper l id margin travels 
from downward gaze to upward gaze with the brow immobil ized. 

5. What pathologic condition is caused by paralysis or laceration of Muller's muscle? 
Mul ler's muscle is a smooth muscle with sympathetic innervation. It is located in the posterior 

lame l la of the upper lid and has intimate attachments to the levator muscle and the tarsus. It origi
nates from the posterior aspect of the levator muscle and inserts onto the superior border of  the 
tarsus. Mul ler's muscle provides tone for the upper l id, and injury to this muscle may result in ptosis 
(2-3 mm). 

6. What structures must be transected to explore the orbital floor through a transconjuncti
val approach? 

The transconjunctival approach is an exposure technique through the posterior lamel l a  of the 
lower l id,  beginning with an incision through the conjunctiva. This incision is  fol lowed by transec
tion of the capsulopalpebral fascia. At this point, the approach can be either retroseptal or preseptal 
to reach the orbital floor, which is  then explored in a subperiosteal plane. In a standard blepharo
plasty, once the capsulopalpebral fascia is transected, the inferior compartments of orbital fat are d i 
rectly accessible. I n  exploring the orbital floor, a lateral canthotomy is added for greater exposure. 
The capsulopalpebral fascia arises from condensations of the i nvesting layers of the inferior rectus 
and inferior oblique muscles and inserts onto the inferior border of the tarsus. The capsulopalpebral 
fascia, which is unique to the lower l id, is involved with the coordinated downward movement of the 
lower lid during downward gaze. I t  is somewhat analogous to the levator aponeurosi s  of the upper 
l id .  The orbital septum, orbicularis muscle, and skin are anterior to the capsulopalpebral fascia.  
Because the anterior lamel la is not transgressed, the transconjunctival approach minimizes the prob
lems of lower eyel id  retraction, which are significantly more common after the cutaneous approach. 
The arcus marginal is  is  the periosteal attachment of the orbital septum to the bony orbital margin. 

7. What structures contribute to the lateral retinaculum? 
The lateral retinaculum or lateral canthus is  a complex integration of a number of structures. It 

i s  composed of Lockwood's l igament ( inferior suspensory l igament), the lateral extension or horn of 
the levator aponeurosis, the continuations of the pretarsal and preseptal muscles, and the check l iga
ment of the lateral rectus muscle. This confluence of structures attaches to the lateral orbital wal l  at 
Whitnall 's tubercle .  Whitnall 's tubercle is located within the lateral rim of the orbit below the fron
tozygomatic suture on the frontal process of the zygoma. Therefore, inferiorly displaced zygoma 
fractures pu l l  the l ateral can thus inferiorly, result ing in downward s lant of  the palpebral fissure .  
Whitnal l 's l igament is  a check l igament of the levator muscle that l imits i ts excursion and i s  not a 
pait of the lateral retinaculum. 

8. Where does the medial canthus insert? 
The medial canthal tendon is a complex structure that attaches onto the medial aspect of the 

orbit in a tripartite manner. The insertion points include the anterior lacrimal crest and a portion of 
the nasal bone, the posterior lacrimal crest ,  and a less wel l -defined point around the nasofrontal 
suture. The medial canthal tendon is intimately associated with the lacrimal pump mechanism. The 
lacrimal sac l ies between the anterior and posterior insertions of the medial canthal tendon. Because 
the anterior attachment extends medial ly onto the nasal bones, reattachment of this portion to the an
terior lacrimal crest may result in an impression of telecanthus. 

9. Which extraocular muscle originates from the anterior orbit? 
The inferior obl ique muscle is the only extraocular muscle  that originates from the anterior 

orbit. It also separates the medial and central fat compaitments of the lower l id .  The anatomic posi
tion of the inferior oblique muscle makes it prone to injury during blepharoplasty. All of the other 
extraocular muscles originate from the anulus of Zinn near the apex of the orbit. 

10. What defines the supratarsal fold? 
The supratarsal fold corresponds to dermal attachments of the levator aponeurosis .  Above these 

attachments, the overhanging skin creates a fold. The supratarsal fold is approximately 1 0  mm above 
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the eyel id margin and is often absent in people of Asian descent. The position of the supratarsaJ fold 
is important in the evaluation of patients with eyelid ptosis. A high-positioned supratarsal fold may 
suggest a levator defect. 

1 1. The fascia! framework of the orbit is composed of what structures? 
The fascia! framework of the orbit is a connective tissue network that not only provides support 

to the globe, but also al lows coordinated movements among all the orbital contents so that the eye 
and its associated structures can move in concert. This framework consists of the bulbar fasc ia or 
Tenon's capsule, the investing fascia! layers of the extraocular muscles, the intermu cu lar septa, and 
the check l igaments (condensations of fascia from the medial rectus and lateral recrus, which serve 
as anchors to the periorbita). Lockwood's l igament is  formed by the intermuscular septum between 
the inferior oblique and the inferior rectus muscle. 

12. What are the most common malignant tumors of the eyelids? What is the most common 
location for a malignant tumor of the eyelids? 

Basal cel l  carc inoma is by far the most common mal ignant tumor of the eye l ids, followed by 
squamous cell carcinoma and sebaceous carcinoma. For well-demarcated, nonsclerosing basal cell 
carcinomas < 2 cm in diameter, a 1-2 mm grossly free margin wi l l  be h istologically free of tumor in 
94-95% of cases. With recurrent or more aggressive n1mors, i t  is necessary to resect larger marg ins, 
and i t  is  often wise to delay reconstruction unti l  permanent pathologic specimen are examined. 
Sebaceous carcinoma of the eyelid is  uncommon and difficult to diagnose and carries a poor progno
sis. The lower lid is  the most common site for occurrence. 

13. Which region of the eyelid is most l ikely to have a recurrent or an advanced tumor? 
Tumors of the medial canthal region are more likely to be advanced and have a higher chance of 

recurrence. Medial canthal complexity and location make reconstruction difficult .  Tumors here are 
often recognized late and are often inadequately resected. 

14. What factors predict postoperative dry eye syndrome? 
Orbital and periorbital morphology along with abnormal ocular histories have en shown to be 

better predictors of postoperative dry eye complications than Schirmer's test. Morphologic abnor
mal i ties include proptosis,  exophthalmos, lax lower l ids, scleral show, and max i l l ary hypoplasia. 
Abnormal h is tories include such problems as al lergic conjunctiv i t i s  and corneal u lcerat ion. 
Schirmer's test is an objective measure of the lacrimal secretory capacity. Schirmer's test I measures 
both basic and reflex secretion by the amount of wetting that occurs on a 5 x 35-mm fi lter paper 
placed on the lower conjunctiva for 5 minutes. Less than 10 mm of wetting is  considered abnormal. 
Schirmer's test II is  s imilar to the f irst test, except that a local anesthetic is  dropped into the eye to 
block reflex secretions. 

15. What are the basic principles of eyelid reconstruction? 
The eyelid is  a dynamic, complex, and delicate structure, which carries out indispensable func

tions related to the eye, serves as a source of beauty, and is not easily dupl icated y noneyel id  t is
sues. A clear understanding of the anatomy and functional aspects of the orbital regions is  paramount 
for the success of eyelid reconstruction. The basic principles of eyelid reconstruct ion include main
tenance of the integrity of the upper l id, replacement of deficient tissue with l ike tissue when possi
ble, maintenance of eye mobil ity, establishment of an aesthetic balance, and provision of a protective 
l ining, stable skin covering, and internal lid support. 

16. A 38-year-old woman with a malignant tumor fixed to the upper tarsus undergoes a full
thickness resection. The resultant defect measures 30% of the horizontal d imension of the lid. 
What is the most appropriate reconstructive option? 

Once a tumor involves the eyelid margin, a ful l -thickness excision is required, " hereas the same 
tumor that does not involve the lid margin may only require a partial-thickness exci ion that can be 
closed d i rectly or wi th a skin graft. Numerous methods exist for upper eyel id reconstruction. The 
horizontal dimension of the defect is  an important considerat ion i n  selecting a reconstructive 
method, as are the basic principles outlined in question l 5 .  General ly, for an upper l id defect that is  
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< 25% of the horizontal length of the l id, the defect can be closed with direct approximation. In e l 
derly patients wi th l id laxity, defects sl ightly > 25% can be c losed by direct approximation. For de
fects > 25% of the horizontal dimension that cannot be c losed by d i rect approxi mation, 
reconstruction usual ly consists of a selective lateral cantholysis of the superior crus of  the lateral 
canthal tendon with medial transposition of the l id. The combination of a local skin flap may be nec
essary. Larger upper lid defects up to 60% of the horizontal dimension requ ire lid switch procedures 
that borrow l ike t is  ues from the lower l id,  which are based on the marginal palpebral artery. Lid 
switch flaps can be designed 25% narrower than the defect width; however, the pedicle should be de
signed 5-6 mm in vertical d imension to avoid injury to the marginal  artery. Defects that are 
60- 1 00% of the horizontal dimension are typically reconstructed with ei ther a Cutler-Beard flap or a 
Mustarde total l id  flap. The Cutler-Beard flap is a ful l-thickness lower l id  advancement flap that is 
advanced under the in tact lower l id margin (bridge) and then set into the upper  l id defect .  The 
Mustarde total l id flap closes the upper l id defect with a lateral canthotomy and a full-thickness l id 
switch flap using as much of the lower l id as needed. This procedure is followed by reconstruction of 
the lower l id donor defect wi th a composite graft and cheek advancement flap. Both are two-stage 
procedures. Other local flaps, such as the nasolabial or glabel lar flap, combined with mucosa! or 
composite grafts when needed, are sometimes used for l id and periorbital reconstruction. 
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Reconstruction of the upper eyel id. A ,  Direct approximation. B, Selective lateral cantholysis and medial transpo
sition of the l id. C, Lid switch flap. D, Cutler-Beard flap. £, Mustarde total lid flap. 

17. How much vertical height of upper tarsus is used in the design of a tarsoconjunctival flap 
for lower lid reconstruction? 

As with upper eyel id reconstruction, numerous methods are used to reconstruct the lower l id .  
S ignificant differences, however, exist  between upper and lower eyelid reconstruction. Because the 
upper l id is far more dynamic than the lower l id and is also essential for corneal protection, lower l id 
reconstructions generally do not borrow l ike tissues from the upper l id; rather, reconstructions usu
al ly borrow tissues from other sources, such as the cheek. However, l id-sharing techniques for lower 
lid reconstruction can be highly successful ;  the Hugh's tarsoconjunctival flap is a well-accepted ex
ample. The Hugh 's tarsoconjunctival flap is a staged advancement flap using the posterior lamella of 
the upper l id to reconstruct a lower l id defect. A horizontal incision is made through the posterior 
lamella of the upper I id, marking the advancing edge of the flap. The incis ion is made approximately 
5 mm away from the l id  margin. Approximately 4-5 mm of inferior upper lid tarsus needs to be pre
served to maintain upper l id support and l id margin stabil i ty. The flap includes conjunctiva, tarsus, 
levator aponeuros is,  and Mul ler's muscle. After the flap is advanced and properly inset l ayer for 
layer into the defect, a ful l-thickness skin graft is secured onto the flap for coverage. Flap division is 
usually performed 6-8 weeks after the first stage. 

For lower l id defects that extend up to 25% of the horizontal dimension of the lid, direct approxi
mation, layer for layer, is usual ly possible. Defects of 25-60% of the horizontal dimension are usually 
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reconstructed wi th a selective cantholysis and medial transposition of the l id wi th or without a local 
skin flap. Defects of 75- L OOo/o of the horizontal dimension require either a Hugh's tarsoconjunctival 
flap (two stages) or a Mustarde cheek flap (one stage) with composite graft ing for lid support and 
l ining. The tarsoconjunctival flap is  best suited for defects that have a vertical dime ion of 4-5 mm. 
Marginal defects of ei ther the upper or lower l id can be reconstructed with a bipedicle skin/muscle 
Tri pier flap in conjunction with a composite graft, such as a septa! chondromucosal graft. 
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Reconstruction of the lower eyel id .  A ,  Direct approxi mation. 8, 
Selective lateral cantholysis and medial transposition of the l id. 
C, H ugh's tarsoconjunctival flap. D,  M ustarde cheek flap wi th  
composite graft. 

18. Is lower lid ectropion a common complication after a Cutler-Beard flap reconstruction? 
No. Upper l id retraction may occur after the divis ion of a Hugh 's tarsoconjunctival flap sec

ondary to scar formation and foreshortened Mul ler's muscle fibers in the donor bed. During the 
design and execution of the Cutler-Beard flap, care must be taken to avoid injury to the marginal 
artery of the lower l id .  The marginal artery courses paral lel to the l id margin approximately 3-4 mm 
from the edge . The inset-advanced Cutler-Beard flap is  usual ly left i n  p lace for 6-8 weeks. Any 
unused portion i s  returned to the lower lid after division. Because of s ign ificant elongat ion i n  the 
flap, lower l id ectropion i s  not a typical complication. The Mustarde cheek advancement flap may 
cause lower l id ectropion secondary to flap retraction and gravitational forces. Notching at the area 
of marginal reapproximation is a common problem. 

19. Is the contralateral eyelid a preferred site for skin graft harvest? 
An optimal area for skin graft harvest in terms of color and texture is the co tralateral eyel id;  

however, the amount of skin is  l imited. The fol lowing sites are preferred areas for kin graft harvest: 
retroauricular, preauricular, and supraclavicular. The infraclavicular region yields a graft with poor 
color match. 

20. Describe the evaluation of lid ptosis. 
Ptosis of the upper l id  may be classified as congenital, neurogenic, myogeni , aponeurotic, or 

mechanical .  The underly ing cause, degree of ptos is ,  amount of levator functio , pos it ion of the 
globe, presence of a Bel l 's  phenomenon, and position and contour of the upper l id fold are important 
in the evaluation of the ptotic l id .  The degree of l id laxity, or the result of a "snap ack" test, is  not a 
critical factor; however, l id  tone is important. The Tensi lon test is useful in the diagnosis of ocular 
myasthenia. Topical phenylephrine is useful in evaluating Homer's syndrome, a neurologic form of 
ptosis .  
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21. For most patients with lid ptosis, what is the most important factor in determining which 
operation to perform? 

The most important factor in selecting the optimal surgical approach for patients with lid ptosis 
is the measure of levator function. The normal l id covers 1 -2 mm of the upper l imbus of the cornea. 
Levator function (excursion) is measured by the distance (mm) that the upper lid margin travels from 
downward gaze to upward gaze with the brow immobil ized. Although many ptosis repair techniques 
exist, four are most frequent ly used: the Fasanella-Servat operat ion, aponeurosis surgery, levator re
section, and brow suspension. 

22. What is the underlying cause of congenital ptosis? 
Congenital ptosis is present at birth and involves an isolated dystrophy of the levaror muscle. 

23. A patient who has l id ptosis secondary to an attenuated levator aponeurosis, 4 mm of 
ptosis, and a levator function of 8 mm is best treated by which ptosis procedure? 

Leva tor function is c lassified as good (> I 0 mm), fair  ( 4- 1 0  mm), or poor ( < 4 mm). The degree 
of ptosis is classi fied as mi ld ( 1 -2 mm), moderate ( 3-4 mm), or severe (> 4 mm).  l n  general ,  the 
Fasanel la-Servat operation is  optimal in patients wi th good levator function and mild ptos i s .  
Aponeurosis surgery is most appropriate for patients with good levator function and moderate ptosis .  
Levator resection is used when the levator function is fair and the degree of ptosis is moderate. Brow 
or frontal is suspension techniques are used in patients with poor levator function and severe ptosis. 
Suspension procedures are mostly applied to treat severe congenital ptosis .  The Fasanella-Servat op
eration involves a conjunctiva!, tarsal, and Mul ler's muscle resection. Aponeurosis surgery involves 
direct repair or advancement of the levator aponeurosis. Levator resection surgery involves resection 
of the levator aponeurosis .  Brow or frontal is suspension entai ls suspending the l id margin to the 
frontal i s  muscle. The neosynephrine test helps to determine i f  the Fasanella-Servat operation wi l l  
y ield a satisfactory resu l t .  If I 0% neosynephrine drops do no t  e levate the  l i d  s ignificantly, the 
Fasanel la-Servat operation wi l l  probably result in undercorrection . 

24. Match the following: 
I .  Ectropion A. An abnormal skin fold that may cause inversion of the eyelid 
2. Epicanthus B. Frequently caused by chemical burns 
3 .  Blepharophimosis C. Associated with ptosis of the upper l ids 
4. Entropion D. A fold of skin overhanging the medial canthus 
5 .  Epiblepharon E. Ocular irritation secondary to turned-in lashes 
6. Trichiasis F. May involve significant lid retraction leading to exposure keratinization 
7. Symblepharon G. May be caused by horizontal laxity 
Ectropion i s  an eversion of the eyelid margin, often first producing scleral show. I t  may lead to 

serious oculopathies, such as exposure keratinization 
Epicanthus is  an overhanging skin fold that partially hides the medial canthus. Congenital epi

canthus most frequently occurs in Asians. 
Blepharophimosis is  a congenital mal formation associated with ptos is and epicanthal folds, 

telecanthus, and shortening of the horizontal fissure of the l ids 
Entropion is  the inversion of the eyel id .  Horizontal lid laxity may lead to involut ional entro

pion. This malposition of the lid often causes corneal irritation from friction e l ic ited by turned-in 
lashes. 

Epiblepharon is  an abnormal skin fold that folds over the skin margin, usually result ing in the 
inversion of the eyel id margin 

Trichiasis refers specifical ly to eyelashes that are turned against the globe with the lid remain
ing in its normal position. 

Symblepharon is  a cicatricial fusion between the globe and the inner surface of the eyelid. It 
usually occurs as a complication of a chemical burn. 

Answers: I F, 2 D, 3 C, 4 G, 5 A, 6 E, 7 B. 

25. What factors contribute to entropion? 
Congenital entropion may result from an abnormal tarsal plate. Involutional entropion is usually 

the resu l t  of horizontal I id lax ity or an overriding preseptal muscle.  Cicatric ia l  entropion occurs 
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secondary to the shortening of the posterior lamella. Facial paralysis, particularly f the orbicularis 
ocul i  muscle, results in a paralytic ectropion. 

26. What factors contribute to ectropion? 
Congenital ectropion is usually caused by a deficiency of eyelid skin. Involuti nal or seni le ec

tropion is most often a resul t  of laxity of the tarsus, canthal structures, and lid retractors. Cicatric ial 
ectropion i s  a relative deficiency of skin and muscle from various causes, ranging from retraction 
and contraction (of the anterior lamel la) to the excessive removal of skin during blepharopl asty. 
Paralytic ectropion is a complication of facial nerve palsy. Repair of ectropion depends on the under
lying pathology. Enophthalmos from periorbital fat atrophy decreases posterior l id upport and leads 
to involutional entropion. 

27. How does the Asian eyelid differ from the Occidental eyelid? 
The Asian eyelid differs from the Occidental eyelid by the common presence of epicanthal folds 

and lack of a supratarsal fold. The supratarsal fold is  defined by dermal attachments of the levator 
aponeuros is ,  which is lacking in the Asian eyel id .  Often retroorbicularis fat is also i ncreased. 
Furthem1ore, the preaponeurotic fat may extend lower in the Asian eyel id secondary to a lower in
sertion of the orbital septum to the levator aponeurosis .  

28. Describe tear secretion and the composition of tear film. 
Tear secretion is either basic or reflexive. The precorneal tear film is composed of three layers. 

The innermost layer is  the mucin layer, composed mainly of polysaccharides secreted by the con
junctiva! goblet cel ls .  This layer stabi lizes the tear film, provides lubrication, and prevents desicca
tion. The intermediate layer is the aqueous layer, which accounts for 90% of the tear fi l m  and i s  
composed of an aqueous (98% water) solution secreted by the accessory and main lacrimal glands. 
The most superficial layer is  mainly composed of l ipids secreted by the meibomian, Zeis, and Moll  
glands. This layer also stabilizes the tear film and minimizes evaporat ion. The tear film break-up test 
measures the amount of time required for discontinuities or "holes" to forn1 in the tear fi lm when the 
eye is not al lowed to blink. A time of < 1 0  seconds is  considered abnormal. 

29. What are the indications for performing dacryocystorh inostomy? 
Dacryocystorhinostomy (DCR) is a surgical technique that opens the lacrimal sac directly into 

the nasal cavity. DCR is most commonly performed on patients with lacrimal ob truction d istal to 
the common canaliculus, including patients with paralysis of the pump mechanism. DCR may be 
used to treat chronic dacryocystit is . For obstruction of the common canaliculus a canaliculodacryo
cystorh inostomy is performed. If both upper and lower canal icul i  are obl i terated, a conjunctivo
dacryocystorhinostomy is performed. 

30. During the reduction of an avulsed medial canthal tendon, injury to the nasolacrimal duct 
is suspected. What is the appropriate course of action? 

The init ial management of traumatic telecanthus and nasoethmoidal fractures does not include 
exploration of the nasolacrimal duct. In this situation, delayed obstruction is  not common and would 
be treated by DCR. Unnecessary initial exploration may cause trauma to d1e lacrimal drainage system. 

3 1 .  After selective cantholysis and medial transposition of the lid for reconstruction of a mod
erate u pper lid defect a patient complains of severe pain, photophobia, blurred vision, 
epiphora, and a foreign body sensation on the eye. Extraocular movements are intact and fun
doscopic exam appears normal. Does the initial appropriate management include releasing all 
the incisions and administering mannitol? 

Retrobulbar hematoma is a serious complication after eyelid surgery and may lead to blindness. 
Sudden-onset pain, proptosis, and conjunctiva! edema indicate the likel il10od of a retrobulbar hemor
rhage. The patient also may have limited extraocular movements, periorbital ecchymosis, and firmness 
to the eye. Immediate i ntervention is necessary, including opening a l l  wound and pharmaco
logically decompressing the orbit, such as by the administration of mannitol . An emergent ophthal
mologic consul tation should be obtained. The patient's complaints, however, are consistent w i th a 
corneal injury. After the application of a topical anesd1etic, the eye should be irrigated and exan1ined. 
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Fluorescein dye, which is  dropped onto the corneal surface and then i l lum inated with a Wood's 
lamp, read ily confirms the diagnosis of corneal abrasion. The patient is then treated with a topical 
antibiotic. A topical short-acting cycloplegic may be appl ied i f  c i liary spasm is significant; however, 
local anesthetics should not be continued (or ever prescribed for the patient) because they delay 
reepithe l ial ization, mask complications, and decrease the protective sensibi l i ty of the eye. Al though 
the vast majority of corneal abrasions heal rapidly within 1 -3 days without complication, the possi
bil ity of superinfection and recurrent epithelial erosions must be kept in mind. 

BIB LIOGRAPHY 

I .  Carraway JH :  Levator advancement technique for eyelid ptosis. Plast Reconstr Surg 77:395, 1 986. 
2 .  Carraway JH :  Reconstruction of the eyelids and correction of ptosis of the eyelid. In Aston SJ, Beasley RW, 

Thorne CHN (eds): Grabb and Smith's Plastic Surgery, 5th ed. Philadelphia, Lippincou-Raven, 1 997, pp 
529-544, 1 997. 

3 .  Jelks GW, Jelks EB:  Reconstruction of the eyelids. In  Cohen M (ed): Mastery of Plastic and Reconstructive 
Surgery. Boston, Lillie, Brown, 1 994, pp 864-882. 

4. Jelks GW, Smith BC: Reconstruction of the eyelids and associated structures. In McCarthy JG (ed): Plastic 
Surgery. Philadelphia, W.B. Saunders, 1 990, pp 1 67 1 - 1 784. 

5 .  McKinney P: The value of tear breakup and Schinner's test in preoperative blepharoplasty evaluation. Plast 
Reconstr Surg 84:572-576, 1 989. 

6. Peist K:  Malignant lesions of the eyelids. J Dermatol Surg Oncol 1 8 : 1 056-1 059, 1 992. 
7.  S iegel R:  lnvolutional entropion: A simple and stable repair. Plast Reconstr Surg 82:42-46, 1 988. 
8. Siegel R: Essential anatomy for contemporary upper lid blepharoplasty. Clin Plast Surg 20:209-2 1 2, 1 993. 
9. Weinstein G :  Lower eyelid reconstruction with tarsal flaps and grafts. Plast Reconstr Surg 1 8:99 1 -992, 1 988. 

1 0. Zarem B: M inimizing deformity i n  lower blepharoplasty. The transconjunctival approach. Cl i n  Plast Surg 
20:3 1 7-32 1 ,  1 993. 

1 1 . Zide B: Surgical anatomy of the orbit. New York, Raven Press, 1 985, pp 47-50. 

3 7. EAR RECO N STRUCTIO N  

Bruce S Bauer, M D ,  and Pa id Fortes , M . D . 

1 .  What are the normal size, position, protrusion, and axis of the ear? 
The normal adult ear height is  between 5 .5-6.5 cm. The width varies from 66% of the height in 

chi ldren to 55% of the height in adults .  Eighty-five percent of ear development occurs by age 3 
years, and full development between ages 6- 1 5  years. For chi ldren 4 years of age, a subnormal ear 
height ( i .e . , < 2 SD) is below 4.5 cm. General guidelines are as fol lows: 

• The ear should lie one ear length posterior to the lateral orbital rim. 
• The lateral protrusion of the hel ix from the scalp is between l .5-2.0 cm. 
• The mean inclination of the ear from the vertical is 20° posteriorly. 

2. Using the diagram below, name the landmarks of the external ear. 

Answers l i sted on fol lowing page. (From Leber DC: Ear 
reconstruct ion. In Georgiacle GS, Georgiacle NG, Riefkol 
R, Barwick WJ (eels): Textbook of Plastic, Maxil lofac ial 
and Reconstructive Surgery, 2nd eel. Balt imore, Wil l iams 
& Wi lkins, 1 992, p 494, with permission.) 
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A. Hel ical rim 
B. Superior crus 
c. Scapha 
D. Anti helix 

Ear Reconstruct ion 

E.  Concha I. Cymbum concha 
F. Tail  of helix J. Root of helix 
G. Triangular fossa K. External auditory meatus 
H. Inferior crus L. Tragus 

M.  Cavum concha 
N. Intertragal notch 
0. Antitragus 
P. Lobule 

3. What is the vascular supply of the ear? 
Arterial supply: 
1 .  Superficial temporal artery: supplies lateral surface of auricle 
2 .  Posterior auricular artery: branch of external carotid artery. Dominant blood supply to poste

rior surface of ear, lobule, and retroauricular skin in 93% of cases. 
3. Occipital artery: minor contribution. Dominant blood supply to posterior ear in only 7% of 

cases. 
Venous outtlow: 
I .  Posterior auricular veins: drain into external jugular vein. 
2 .  Superficial temporal and retromandibular veins: drain anterior auricle. 

4. Can an amputated ear be replanted? 
Yes .  An amputated ear may be replanted by microanastomosis of the posterior auricular artery 

(diameter 0.6-2.0 mm) and a posterior auricular vein (diameter 0.8-2.5 mm) to d nor vessels, pro
vided that these vessels can be identified. 

5. Describe the nerve supply of the auricle. Why can a patient with an oropharyngeal carci
noma present with ear pain? 

Great auricular nerve (C2, C3): Sensation to lower half of lateral surface of the ear and lower 
portion of the cranial surface of the ear. 

Auriculotemporal nerve (branch of V 3) :  Sensation to superolateral surface of ear and anterior 
and superior surface of external auditory canal. 

Lesser occipital nerve: Sensation to superior cranial surface of ear. 
Arnold 's nerve (auricular branch of vagus): Sensation to concha and posterior auditory canal .  
Patients with cancers of the oropharynx (tonsil ,  base of tongue, soft palate) may complain of ear 

pain referred via the branches of the vagus nerve that innervate both the oropharynx and conch a. 

6. What is the embryologic origin of the external ear? Why is this knowledge significant in 
treating malignant tumors of the external ear? 

During embryologic development, the auricle arises from the first (mandibu lar) and second 
(hyoid) branchial arches. Three anterior hi l locks of the first branch ial arch form the tragus, hel ical 
crus, and superior hel ix .  Three posterior h i l locks of the second branchial arch form the antihe l ix, 
antitragus, and lobule. The first branchial groove forms the external auditory meatus. 

Cutaneous carcinomas of the external ear may spread via lymphatic channels that follow embry
ologic development. Cancers of the tragus, helical crus ,  and superior hel ix  drain into the parotid 
nodes. Cancers of the antihelix, antitragus, and lobule drain into the mastoid node . Cancers of the 
concha and meatus may drain into the parotid and mastoid nodes. Cl in icians must be alert to these 
drainage patterns making diagnoses and prescribing treatment. 

7. What is the incidence and etiology of microtia? 
M icrotia (hypoplastic deformity of the auric le) ,  occurs once in 6000-800 births. Male to 

female ratios are 2 :  l ,  and right to left to bilateral ratios are 5 : 3 :  1 .  
M icrotia i s  thought to be a component of first and second branchial arch syndrome (hemifacial 

microsomia) with varying degrees of hypoplasia of the bony and soft t issues of the involved half of 
the face. The proposed mechanism is thought to be obl iteration of the stapedial artery during early 
embryonic l i fe .  Agents impl icated have included viruses (rubel la), drugs (thal idomide), and mult i 
factorial inheritance. 

8. What factors enter into the timing of microtia reconstruction? 
Body image concept begins to form around 4-5 years of age. Therefore. reconstruction usually 

is t imed at or before school age. Rib growth is also sufficient for cartilage framework construction 
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by age S years. By this age the normal ear has grown to within 6-7 mm of ful l  vertical height . Even 
if microt ia reconstruction is done as early as age 2 years, studies show that the reconstructed ear 
"keeps up" with the normal ear in growth. 

9. In what cases and at what time is middle ear surgery indicated? 
Complete deafness is very rare in microtia because the inner ear, or neurosensory apparatus, is 

normal. Children have normal speech and adapt well without middle ear surgery. Middle ear surgery 
is general ly reserved for bilateral microtia patients and is done after auricular reconstruction. In se
lected cases m iddle ear reconstruct ion can be performed in patients with un i lateral microtia, but 
should be planned fol lowing completion of the external reconstruction to avoid further complicating 
these procedures. 

10. What are the basic steps in microtia reconstruction? 
( I )  Cart i l age framework construction, ( 2 )  dissect ion of auricular vestige and p l acement of 

framework, (3) lobule transposition, (4) tragal construction and conchal excavat ion, and (5) hel ical 
rim elevation. The sequence of procedures and what is accomplished in each stage varies depending 
on the technique chosen by the operat ing surgeon, but it is agreed that the cartilage framework be 
placed in the first stage to make maximal use of the unscarred bed of the vestige. Opinions also vary 
on whether the lobule should be rotated in the first or second stage; current techniques demonstrate a 
significant benefit of lobule rotation at the t ime of carti lage graft p lacement.  Nagata has demon
strated that the tragus can be reconstructed as part of the ini t ia l  framework rather than a separate 
stage. Following other techniques, the lobule rotation, tragal construction, and e levation of the hel i
cal r im are performed in either the second or third stage of reconstruction. 

1 1 . Which costal cartilages are harvested for the construction of the framework in  microtia 
reconstruction? 

A cartilage framework is constructed from varying portions of the 6th-9th costal cart i lages de
pending on the technique selected. Authors vary on whether to use ipsilateral or contralateral carti
lages, basing their decision on how the cart i lage segments are most easi ly spl iced. Opinions also 
differ on whether to retain perichondrium on the graft or to leave it behind in the donor area. While 
maintain ing some perichondrium on the graft helps to maintain long-term graft integrity, some feel 
that maintain ing at least the visceral perichondrium in the donor site may minimize the risk of sub
sequent donor site deformity. 

12. What options are available if the skin envelope is insufficient? 
On some occasions there is insufficient skin avai lable to cover the can i lage framework. These 

c i rcumstances arise e i ther as a result of associated facial deformity (hemifacial microsomia, 
Goldenhar's and Treacher Coll ins syndromes) in which the auricu lar vestige is malpositioned and 
the hairl ine i s  low-lying, or in  cases of  excessive scarring surrounding the vest ige ( from ei ther 
trauma or prior unsuccessful surgery) .  

Whi le  t issue expansion has been used in selected ear reconstruction cases, the  associated risk of  
expander complications, such as  exposure, are significantly higher in th is  region than in other areas, 
and expansion is generally not recommended. This is particularly the case in the treatment of signif
icant facial scarring around the vestige or in the remaining ear segment fol lowing trauma. 

The most readi ly available tissue for reconstruction in these cases is the temporoparietal fascia! 
flap (TPFF), or on occasion its extension into the postauricular area. Th is flap i s  usual ly based on the 
superficial temporal artery, but is best raised on both superficial temporal and postauricular vessels 
for total auricular reconstruct ion. In  cases of severe tissue loss and deep scarring i t  may be necessary to 
use the contralateral TPFF by microvascular transfer. In most cases of fascia! coverage of the framework 
the fascia is covered with a split thickness skin graft . The authors prefer a 0.0 1 6  inch rhick graft from the 
upper inner arm. This is a wel l  concealed donor site with excellent color match in the majority of cases. 

13. Discuss some of the complications of ear reconstruction. How would you remedy them? 
• Rib donor site problems: Pneumothorax; atelectasis. When recognized intraoperatively, aspi

rate the pneumothorax with a red rubber catheter and repair the pleural rent during positive pressure 
vent ilation. Incentive spirometry and pulmonary toilet are indicated for atelectasis. 
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• lschemia or necrosis of the skin envelope with graft exposure: Graft exposure mandates 
aggressive care, e i ther antibiotic ointment for very small areas of exposure or coverage with wel l  
vascularized tissue. Failure to gain coverage may result in either pa1tial or complete framework loss. 
Primary closure may be attempted after trimming the edge of the exposed cartilage. but rarely is the 
adjacent skin healthy enough to al low advancement and closure.  Coverage w ith  a narrow tem
poroparietal fascia! flap or postauricular fascial flap and skin graft is often safer and provides better 
vascularization of the underlying cartilage. 

• Ischemia of transposed earlobe: If performed during the first stage, lobule transposition re
quires kaving an adequate subdermal pedicle attached to the lobule in the location of the intertragal 
notch. Leaving the transposition for a second stage may be safer in experienced hands. 

• Hematoma and seroma: Ensure complete hemostasis, and always place a suction drain in the 
pocket. 

• Resorption of framework/failed reconstruction: Avoid cartilage exposure, but if it occurs 
treat i t  aggressively. Leave the perichondrium on the graft that is in contact with the skin. Failed re
construction usual ly requ ires starting anew. 

• Flaws in planning: Poor ear position, poorly designed framework. 

CONTROVERS I ES 

14. Faced with a patient with a traumatic avulsion of the ear, you are unable to identify an un
injured vessel to perform an anastomosis; what should be done with the avulsed part? 

In cases where replantation with anastomosis of a healthy vessel is not possible ,  there is s t i l l  
some controversy as to the optimal treatment. Whi le  anecdotal cases have descri d salvage of an 
entire ear by replantation without microvascular anastomosis, this approach cannot be relied on and 
typically results in total or near total loss of the avulsed segment. ln the past it was uggested that the 
skin be careful ly  dissected from the amputated part and the cart i lage be buried beneath the skin in 
the abdominal area or retroauricular area to be later retrieved and used as the framework for subse
quent reconstruction. Unfortunately, in almost all cases, this approach results in deformation and 
loss of the cartilage substance with a nonuseable graft of cartilage being retrieved from the banking 
site. Selected single cases have been reported in which the denuded cartilage was covered with e ither 
a regional fascial flap or distant flap with subsequent microvascular transfer. In the majority of these 
cases the final result of the reconstruction has poor definition.  

Brent and others, including the authors, agree that a far superior result can be obtained in  expe
rienced hands with debridement and preservation of the remaining ear segment with subsequent 
formal staged reconstruction with cart i lage framework, TPFF, and skin graft coverage. Unless the 
operating surgeon has experience with more complex alternative fascial flap coverage techniques, 
the use of the fascia acutely for coverage of the replanted cartilage will significantly compl icate fur
ther reconstruction when an unacceptable outcome results. 

1 5. What principles of treatment are observed for a burned ear? How are segmental defects 
reconstructed? 

1 .  Reconstruction begins with preservation of viable tissue, not with early surgical intervention. 
2 .  Exposed, nonviable cartilage wi l l  not heal, and surgical debridement and reconstruction need 

to be performed. 
3. Excision of dry, nonsuppurative eschar should be condemned. Sulfamylon cream is the most 

effective topical antibacterial because of its eschar penetration. 
4. Segmental cartilage resection of tragus, anti tragus, inferior crus, and midportion of the anti

helix does not alter the overall appearance of the ear. Local skin flap advancement or skin graft may 
be all that is needed. 

5. Segmental loss of hel ix can be reconstructed with a local chondrocutaneous advancement 
(Antia) flap, wedge excision and closure, contralateral conchal cartilage graft with local skin flap, or 
composite grafts (if defect < 1 cm).  

6. Sulfamylon is the preferable topical antibiotic for treatment vs. S i lvadene because of i ts su
perior cartilage penetration. 

7. Major loss of ear cartilage and soft tissue requires reconstruction with costal cartilage frame
work, temporoparietal fascial flap, and split-thickness skin graft. 
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16. What are the three most common cancers of the auricle? 
Squamous cell carcinoma (50-60%), basal cell carcinoma (30-40%),  and melanoma (2-6%).  

About 1 2% of head and neck squamous cel l  carcinoma and basal cell carcinoma occur on the peri
auricular areas. Invasion of the perichondrium necessitates excision of the underlying cartilage. 
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3 8 .  LI P RECO N STRUCTI O N  

John T. Seki ,  M D ,  and Chris t ine Haugen , M . D .  

1 .  What are the key anatomic features of the lip? 
The key landmarks include the vermi l ion border, commissure, tubercle, ph i l tral columns, and 

Cupid's bow. 

Topographic anatomy of the l ips. /, Ph i ltral columns. 2, Phil
tral groove or dimple. 3,  Cupid's bow. 4,  White roll upper l ip. 
5, Tubercle. 6, Commissure. 7, Vermi l ion. (From Zide B M :  
Deformit ies of t h e  l i p s  and cheeks. I n  McCarthy JG (ed): 
Plast ic Surgery. Phi ladelphia, W.B .  Saunders, 1 990, p 2009, 
with permission.) 

2. What is the significance of the vermilion border? 
The vermi l ion border, also known as the white rol l  or the mucocutaneous l ine, is  the transition 

zone between the mucosa of the l ip and the skin. In the surgical repair of this mucocutaneous junc
tion, anatomic alignment is critical as even a I -mm discrepancy is noticeable at a conversational dis
tance. In add it ion, even after anatomic al ignment, the subsequent scar may droop secondary to 
gravity and require further revision. 

3. What is Cupid's bow? 
Cupid's bow is the central portion of the upper mucocutaneous l ine at the base of the phi ltral 

columns. Defects of Cupid's bow may be covered by a mustache in males. In females, however, ab
sence of this landmark leads to a flattened appearance of the upper l ip .  
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4.  What is the primary function of the l ips? 
The main function of the l ips is to provide oral competence. This function is controlled by the 

orbicularis oris muscle. Its muscle fibers originate at an area of mingl ing of variou muscle bundles 
lateral to the commissure (known as the modiolus), cross the lip at the midline, and insert at d1e op
posite phil tral column. 

5. What are the muscles of the upper and lower lip? 
The orbicularis oris produces an oral sphincter integral to facial expression and ral competence; 

the levator labii superioris, zygomaticus major, and levator angul i  oris elevate the upper l ip;  the de
pressor labii inferioris (quadratus) and depressor anguli oris (triangularis) are depressors of the lower 
l ip  and angle of the mouth; the mental is muscle elevates the central portion of the lower l ip .  

6. What is the motor and sensory innervation of the upper and lower l ip? 
The buccal and zygomatic branches of the facial nerve supply motor innervation to the upper 

l ip. The marginal mandibular branch of the facial nerve supplies motor innervation to the lower l ip .  
Sensory innervation of the upper l ip  is provided by the infraorbital branch of the trigeminal nerve, 
whereas the mental nerve supplies the lower l ip. 

7. Discuss the vascular anatomy and the lymphatic drainage of the lips. 
The facial artery emerges bilaterally between the mandible and anterior border of the masseter 

muscle and div ides at the commissure to form the superior labial artery, which supplies the upper l ip ,  
and the inferior labial artery, which suppl ies the lower l ip .  Venous drainage occurs mainly v i a  
branches o f  the facial  vein. Lymphatic drainage i s  faci l i tated b y  the submandibular nodes, which 
drain d1e upper l ip  and lateral lower l ip, and the submental nodes, which drain the central lower l ip.  

8. How is an inf'raorbital nerve block performed? 
The infraorbital foramen is 4-7 mm distal to the infraorbital rim. Transcutaneous injection with 

local anesthetic is  performed lateral to the nasal ala and medial to the nasolabial fold. Intraoral or 
transmucosal techniques require infiltrntion superior to the canine eminence. 

9. How is a mental nerve block performed? 
Avoid injection of anesthesia into the mental foramen. To locate the mental nerve, rol l  the lower 

lip outward and stretch the mucosa; the mental nerve should be v isible at the canine root, lateral to 
the canine sulcus. 

10. Is the mental nerve block sufficient for anesthesia of the chin? 
No. To block the region below the labiomental fold, an inferior alveolar nerve block should be 

performed at the medial border of the mandibular ramus. 

1 1 . Can the lip be locally infi ltrated with an anesthetic agent? 
Yes. The advantage to local anesthesia with the addition of epinephrine is  hemostas is .  However, 

the increased volume can distort the anatomy, especially at the vermi l ion border. It is  imperative to 
mark the edges of the mucocutaneous junction with methylene blue dye before infi ltration of local 
anesthetic. 

12. How should lesions near the vermilion border be managed? 
Lesions near the vermi l ion border should be excised in a vertical e l l ipse. If the les ion is  oriented 

horizontally, excision may be performed transversely. The mucocutaneous l i ne sh uld be avoided if 
possible. If the lesion crosses the vermi l ion, the incision must cross the mucocutaneous l ine at a 90° 
angle. In a l l  pl anned excisions that cross the vermil ion, dye should be used to mark the junction 
before infiltration of local anesthet ic. 

13. Should sutures be placed d irectly on the mucocutaneous junction to al ign the vermilion 
border? 

No. Erythema may develop at the suture l ine secondary to inflammation and d istort the mucocu
taneous l ine .  Sutures may be placed immediately above and below the vermi l ion border for proper 
al ignment. 
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14. How much tissue loss still permits a satisfactory primary closure? 
Up to 25% of the l i p  may be exci sed wi thout subsequent functional or aesthetic defect. In el

derly patients, this percent may be increased lo one-third because of t i ssue l axity. 

15.  How should full-thickness l ip lacerations be repaired? What suture materials should be 
used? 

The buccal mucosa may be repaired with 4-0 or 5-0 chromic suture, e i ther inte1Tupted or run
ning. The muscles must be well al igned and reapproximated to preserve proper sphincter function; 
4-0 v icryl or monocryl may be used. The dermal layer may be closed wi th 5-0 monocryl or v icryl 
and the skin with e ither running or intem1pted 6-0 nylon. 

16. Why is the lower lip more often a site for tumors than the upper lip? 
The lower l ip receives more direct actinic rad iation ( i .e . ,  sun exposure) ,  making i t  the s i te for 

95% of all l ip  cancers. 

17. What are the key considerations in lip reconstruction? 
The size of the oral aperture i s  important lo provide adequate access for dental repair and den

ture insertion or removal. Sensat ion should be careful ly preserved because a decrease may lead to 
impaired abi l i ty to retain l iquids in the oral cavity. Preservation of neurovascular supply during flap 
mobi l ization, proper anatomic a l ignment, and restorat ion of function and cosmesis are cri t ica l .  
Revi sions after in i t ial flap reconstruction may be necessary. 

18. What is the major complication of flap reconstruction? 
Reduction of the size of the oral stoma i s  the major complication. 

19. Why is the lower lip a more suitable donor for reconstruction than the upper lip? 
The lower l ip  has no dist inguish ing features such as the Cupid's bow, phi ltrum, or tubercle. It 

may sustain greater t issue loss and can donate t issue for upper l ip  reconstruction. 

20. Do V wedge resections provide adequate margins for squamous cell cancer of the lower l ip? 
No. V excisions are suboptimal because tumor tends to spread downward or laterally. Further

more, the apex of the excis ion crosses the labiomental fold and may promote hypertrophic scars. The 
W excision or the modified flared W-plasty al lows a wider excision; the mod ified W-plasty avoids 
crossing the labiomental fold. 

The W-plasly resul1s in a scar that 
crosses the labiomental fold, of'ten 
providing a hypertrophic band. Modi
fications such as the flared W (upper 
right) or the barrel incis ions (A , B) 
yield a more favorable scar. ( From 
Zide B M :  Deformities of the l ips and 
cheeks. In McCarthy JG (eel): Plastic 
Surgery. Philadelphia, W.B .  Saunders, 
1 990, p 20 1 6, with permission . )  

21.  What options are available for repair of localized mucosa! and vermilion defects? 
Notch or saddle deformities of the lower l ip involv ing the vermi l ion may be managed by exc i

sion and Z-plasty. Other options inc lude the V-Y mucomuscu lar advancement flap and the lateral 
mucomuscular advancement flap. (See figure at top of next page.) 
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Significant notch deformities may require excision and Z
plasty to prevent further retraction. ( From Zide B M :  De
fonnities of the lips and cheeks. Jn McCarthy JG (ed): Plastic 
Surgery. Phi ladelphia, W.B .  Saunders, 1 990, p 20 1 5 , wi th 
permission.) 

V-Y mucomuscular advancement flap may 
be used for a midl ine whistle deformity or 
deficiency of the tubercle. (From Zide BM:  
Deformi t ies of t he  l ips and  cheeks.  I n  
McCarthy J G  (ed): Plastic Surgery. Phi la
delphia, W. B .  Saunders. 1 990, p 2028, 
with permission.) 

22. Describe the flaps commonly used for lip reconstruction. 
The following are full-thickness, musculomucocutaneous flaps: 
Abbe flap: V-shaped lower lip flap based on the inferior labial artery and designed opposite the 

area of defect for the central upper lip region. The flap is raised, transposed 1 80°, and inset. The donor 
site is  closed directly. Second-stage division of the pedicle and final inset take place 14 days later. 

Estlander flap:  triangular flap based on the superior labial artery and designed for reconstruc
tion of lateral lower lip defects involving the commissure. The flap is  transposed 1 80° from the upper 
lip to the lower l ip. This procedure results in a smaller oral stoma and indistinct commissure, which 
may require further revision. 

Gillies fan flap: fan-shaped rotational advancement flap based on the superior labial artery and de
signed for large defects involving greater than 50% of the lower lip. The flap is made lateral to the defect 
around the nasolabial fold with a I -cm back-cut. This procedure also may reduce the oral aperture. 

McGregor flap:  rectangular-shaped flap modified from the Gi l l ies fan flap and based on the su
perior labial artery. This flap is  rotated around the commissure without altering the s ize of the oral 
stoma. The width of the flap equals the vertical height of the defect, whereas the length of the flap 
equals the width of the defect plus the width of the flap. A mucosa! advancement flap is required to 
reconstruct the lip mucosa. 

Karapandzic flap : rotational neurovascular advancement flap designed for upper or lower l ip 
defects or both s imul taneous ly. Semicircular incisions are performed from the edge of  the skin 
defect toward the nasal a la bi laterally. The facial nerve branches and the branches of the superior and 
inferior labial arteries must be preserved. (Figure co111i1111ed 011followi11g page.) 

Abbe flap arc to central upper l ip  

Estlander flap arc to oral commissure 
and lower l ip 

G i l l ies fan flap Lo central upper l ip 
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McGregor nap arc to central lower l ip Karapandzic nap arc to central lower l ip  

Full-thickness musculocutaneous flaps for l ip reconstruction. These naps may be based on the right or left supe
rior or inferior labial arteries and are useful for lip and oral sphincter reconstruction. (From Mathes SJ, Nahai F 
(eels): Orbicularis oris flap. In Mathes SJ,  Nahai F (eels) :  Reconstruc t ive Surgery: Princ iples. Anatomy, and 
Technique. New York, Churchi l l  Liv ingstone, 1 997, with permission.) 
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3 9 .  RECO N STRUCTION O F  T H E  ORA L  CAVITY 

Eser Yuksel, M . D , Adam  Weinfeld , B A ,  and Sa leh M .  Shenaq , M . D . 

1. What are the borders and contents of the oral cavity? 
The oral cavity extends from the vermil ion of the l ips to the junction of the ha.rd and soft palates 

superiorly and to the l ine of the circumvallate papi l lae of the tongue inferiorly. It contains the l ips, 
buccal mucosa, alveolar ridges, retromolar triangle, floor of the mouth, hard palate, and anterior two 
thirds of the tongue. 

2. Which risk factors are associated with oral cancer? 
Tobacco products are the most significant risk factor; alcohol consumption is second. Non

cessation of smoking after diagnosis of a primary tumor increases the risk of developing a second 
primary tumor, increases the rate of recurrence, and decreases the response to radiotherapy. Poor 
oral hygiene, mechanical irritation by dental appl iances, use of mouthwash, smokeless tobacco, 
syphi l is ,  P lummer-Wilson syndrome, chronic candidia.s is, and chronic exposure to toxic irritants are 
additional risk factors for intra-oral cancer. 

3. What are the benign and premalignant lesions of the oral cavity? 
Mucocele formation due to the obstruction of minor sal ivary glands, sialolithiasis, pleomorphic 

adenoma, necrot izing s ia lometaplasia of the hard palate, dermoid cysts of the floor of the mouth, 
granular cell myoblastoma, hemangioma and lymphangioma, mucosa! polyps, fibroma, median 
rhomboid glossitis, aphthous ulcers, tuberculous granulomas, and l ichen planus are benign lesions of 
the oral cavity. Leukoplakia and erythroplakia are premal ignant lesions; they are bright white or 
bright red in color, respectively. Histologic examination of these premal ignant lesions reveals exist
ing dysplasia or consequent malignant transformation. 
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4. What is the distribution of oral cavity cancers by location and histologic types? 
Malignant tumors of the oral cavity account for approximately 30% of a l l  head and neck cancers. 

The tongue is the most common site for oral cavity cancers, accounting for 22-30% of all cases. The 
floor of the mouth follows the tongue as a common site of mal ignancy. Squamous cell carcinoma rep
resents more than 90% of oral cancers. Adenocarcinomas are second in frequency. Subtypes of squa
mous cel l  carcinomas are different iated, undifferentiated (transitional, pindle cell), adenoid squamous, 
and verrucous carcinoma. Yerrucous carcinoma has a tendency to grow more radially than vertically. 

5. How can you predict the outcome and formulate a treatment for intraoral carcinoma? 
Tumor size and thickness and presence of cervical nodal involvement are major determinants of 

outcome; however, immunohistologic quantification of tumor angiogenesis may help to predict the 
aggressiveness of the tumor. Tumor-node-metastasis (TNM) classification is st i l l  the basis for for
mu lating treatment. Surgery remains the main treatment modal ity, al though extended procedures 
cause functional problems with swallowing and speech. Reconstructive procedures are designed to 
minim ize functional and aesthetic problems. Despite its acute morbidity (mucosit is,  odynophagia, 
swel l ing) and long-term morbidity ( loss of taste perception, dry mouth, t issue necro is), radiother
apy often is  used as an adjuvant therapy in advanced cases. 

6. What are the objectives of oropharyngeal reconstruction? 
The objectives are to maintain oral continuity, to faci l i tate swallowing, to prevent aspiration, to 

preserve satisfactory speech, and to provide primary wound healing in one stage. These functional 
restorations require adequate tongue mobi l i ty and oral sealing. 

7. Squamous cell carcinoma of the tongue is most frequently located at the base. True or false? 
False. Three-quarters of all tongue cancers are located in the anterior mobile portion. Forty per

cent of al l  tongue cancers have nodal involvement, and 20% of all cases demonstrate bi lateral nodal 
involvement. Elective node dissection is recommended for tumors thicker than 1 0  mm. Tumors of 
the posterior third of the tongue are less well differentiated, and 75% of cases have nodal involve
ment at the time of diagnosis. 

8. Describe the goals and methods for reconstruction of tongue defects. 
Restoration of tongue mobil ity and sensation are primary goals of reconstruction. T 1 lesions 

treated with wedge excision of tumor and 1 -2-cm margins generally can be reconstructed with pri
mary closure or local l ingual flaps. After partial or hemiglossectomies, local flaps or innervated free 
flaps are the choices for reconstruction. Muscle flaps may be used for reconstructi n of subtotal to 
total glossectomy cases. 

9. How are palatal defects reconstructed? 
Palatal is land flaps, temporal is muscle flaps, l ingual flaps, or fasciocutaneous free flaps serve 

wel l  for the reconstruction of palatal defects. Extensive composite defects caused by maxi l lectomy 
may require free muscle and/or bone composite flap transfers. 

10. What is the reconstructive strategy for floor of the mouth (FOM ) defects? 
The selection of a proper method is based on the quantity of tissue removed, tongue mob i l ity, 

and radiotherapy. Primary closure or skin grafting is adequate for defects of l imi ted ize. Skin grafts 
also can reconstruct larger FOM defects without restricting tongue mobil ity. Removal of the mylo
hyoid complex necessitates regional or free flap reconstruction. Reconstruction of e l ingual nerve 
may be accomplished with innervated free flap transfers. Muscle flaps are used in greater volume 
defects to prevent the pool ing of saliva and food in this region. Composite defects that include bone 
require vascularized bone transfers in addition to volume and SL1 1face reconstruction. 

1 1 . Buccal mucosa defects should not be left to heal by secondary intention. True or false? 
False. Smal l  defects may be c losed primari ly or al lowed to heal by secondary i n tention . 

Reconstruction of larger defects with skin or mucosa! grafts is rapid and reliable. Temporal is muscle 
or fascia flaps, with or without skin grafts, can be used for thicker or less vascularized defects. Other 
regional flaps may be uti l ized for volume and surface reconstruction. For through-and-through cheek 
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defects, cervical rotation advancement flaps (prior radiotherapy or neck dissection should be ruled 
out) or free fasciocutaneous flaps can be used. 

12. Periosteum is always a physiologic barrier for bone involvement in  alveolar ridge malig
nancies. True or false? 

False. In cases of previous radiotherapy, the periosteum loses its abil ity to serve as a barrier for 
local invasion because irradiation alters the structural integrity of periosteum. This factor should be 
considered during surgical planning. Stage I and 1I malignancies can be treated with resection of the 
primary tumor with a marginal mandibulectomy and local flap coverage. Advanced cases require en 
bloc resection of full-thickness mandibular segment and treatment of the affected neck. Mandibular 
reconstruction modalities are applied for the reconstruction in such cases (osteocutaneous free flaps). 

13. List the reconstructive options for oral malignancies. 

Alrernarivesfor Su1face and Volume Reconsrmcrion of lntraoral Defects 

Basic approaches 
Secondary heal ing 

Primary closure 
Grafts 

Spl i t-thickness skin graft ing 

Full-thickness skin graft ing 

Local flaps 

Mucosa! flaps 

Lingual flaps 

Palatal flaps 

Regional flaps 

Platysma flaps 
Nasolabial flaps 

Temporal is muscle and fascia flaps 
Forehead flaps 
Posterior auricular flaps 

Regional flaps (cont . )  
Cervical rotation-advancement flaps 
Sternocleidomastoid muscle flaps 

Trapezius muscle flaps 

Latissimus dorsi muscle flaps 
Pectoral is  major muscle flaps 

Free flaps 

Jejunum flaps 

Gasrro-omental flaps 

Radial forearm flaps 

Lateral arm flaps 

Ulnar flaps 

Scapular flaps 

Groin flaps 

Rectus abdominis muscle flaps 

Dorsal is  pedis  flaps 

14. Free flap transfers are the method of choice in most cases. True or false? 
False. The reconstructive technique depends on the size and composition of the defect. The re

constructive approach must fol low the sequence of priority from primary c losure to skin grafting, 
local flaps, regional flaps, and distant flaps. The specific functional requirements may alter the treat
ment choices in individual cases. 

15. What are the advantages and disadvantages of free flap applications in oral reconstruction'? 
Advantages Disadvantages 
Superior wound heal ing Require microsurgical ski l l  
Better functional and aesthetic outcome Longer operation t ime ( risk of anesthesia 
Higher quality of l i fe in debi l itated and older patients) 
Shorter hospitalization 
Use of neurotized flaps 
One-stage, immediate reconstruction 
Sui table for simultaneous two-team approach 
Ability to restore composite defects 
Fewer compl ications in irradiated patients 

16. Which arteries and veins in the head and neck region are preferred as recipient vessels for 
microvascular anastomoses? 

Branches of the ipsi lateral external carotid system are suitable for arterial anastomoses, includ
ing the superior thyroid artery, l ingual artery, facial artery, and superficial temporal artery. In irradi
ated or operated cases, contralateral neck vessels or the ipsi lateral common carotid artery may be 
selected. For veins, tributaries of the superficial and deep jugular system are convenient. 
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17. Describe the elevation of the platysma flap and outline the indications for intraoral recon
struction. 

This flap is based on the submental branch of the facial artery and raised on a subcutaneous su
perior muscle pedicle. The skin is land i s  designed on a transverse axis d istally. The pedicle area is 
supported by anastomoses with both labial arteries, the superior thyroid artery and superior labial 
artery. Because a motor branch of the facial nerve and sensory branches innervate the musculocuta
neous unit, this flap may be used to give motor function to the l ip and to provide sen ation to the re
constructed area. It can be transposed 1 80° to reconstruct defects of the tongue and FOM .  Previous 
irradiation to the neck area is the main contraindication for use of this flap. 

fibers of m.  platysma 

Platysma nap. 

18. What are the l imitations of the temporalis muscle and fascia flaps for oral reconstruction? 
The temporal muscle flap (TMF) is based on the deep temporal vessels, whereas the temporal 

fascia! flap (TFF) is based on the superficial temporal vessels. Either may easi ly be transposed to the 
buccal region, palate, and lateral portions of FOM. The length of the pedicle precludes its use for die 
tongue and central portion of FOM. Flaps can be lined with skin grafts; however, adaptation and epi
thelial ization of the flaps' raw surface are satisfactory even with secondary healing. M uscle i s  in
c luded in the flap when bulk i s  needed. The main problems after flap transfer  are temporal 
depression (in TMF cases) and 1 imitations of the oral aperture. 

19. Can the posterior auricular flap (PAF) be used for tongue reconstruction? 
Yes. The PAP may be transferred as an island or free flap based on die posterior auricular ves

sels for oral cavity reconstruction. Dissection of this flap i s  a difficult and t ime-consuming proce
dure, and the area of the skin island is l imi ted. Complications due to the extensive dissect ion and 
close proximity to the facial nerve have been reported. However, a less visible donor ire scar and the 
pliabil ity of the transferred skin places this flap among the alternatives for intraora1 reconstruction 
when simultaneous neck dissection is carried out. 

20. Explain the extension arc of nasolabial musculocutaneous flaps. 
Inferiorly based nasolabial flaps may be transferred transbuccally to reconstruct buccal defects 

and FOM defects of 2 .5 cm by 7 .0 cm. I t  is essential not to inc lude hair-bearing kin in the flap. 
Unl ike the subcutaneous pedicle flaps, the muscle-incorporated flaps (nasalis, levator superioris, 
zygomaticus musc les) may be transposed for distances greater than 2 cm and undergo m inimal  
contraction. 

21 .  Classify the lingual tlaps. 
Dorsal l ingual flaps must not cross the median raphe. They are elevated at 8-mm thickness to 

include mucosa, submucosa, and superficial musculature. Posteriorly based dorsal t ngue flaps may 
be used to reconstruct moderate defects of the retromolar triangle. Anteriorly based dorsal tongue 
flaps offer greater mobi l i ty and may be used to repair anterior cheek and commissure defects. 
Transverse dorsal tongue flaps may be used in bipedicle fashion to reconstruct FOM defects when 
the tongue is extra long. 

Flaps from the lingual tip. Perimeter flaps and dorsoventral ly  based flaps may be raised. 
Ventral surface flaps. These flaps may be used for FOM defects; however, the donor area must 

be skin-grafted to avoid l imi tation in tongue mobil i ty. 



A. Posteriorly based dorsal 
tongue nap 

D. Perimeter nap of t ip  
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B. Anteriorly based dorsal 
tongue nap 

E. Dorsoventral ly based tip nap 

Lingual flaps. 

22. What is the role of palatal tlaps in oral reconstruction? 

C. Transverse dorsal 
tongue nap 

F. Ventral surface nap 
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Total palatal mucoperiosteal t issue (up to 24 cm2) can be raised on a s ingle greater palat ine 
artery. This flap can be transposed to cover neighboring defects of the buccal mucosa, retromolar tri
angle, tonsi l lar region, and soft palate. The donor area is  left to granulate. The palatal mucosa is  not 
pl iable, and caution must be taken to avoid pedicle torsion. As with other local flaps, previous irradi
ation to the oral cavity precludes the use of palatal flaps. 

23. What are the drawbacks of the forehead tlap'! 
( I )  Poor aesthetic results of the donor site, (2) need for staged operations, and (3 )  extensive dis

section area. 

24. When should the latissimus dorsi (LD) muscle and musculocutaneous tlaps be used? 
The LO muscle or musculocutaneous flaps may be used to cover extensive defects of the oral 

cav ity, especial ly when volume reconstruction is needed and/or rec ipient bed conditions are poor. 
When both internal and external l inings are required, this flap may be used with one side grafted or 
with separate skin islands. 

25. What are the l imitations of the pectoralis major (PM) muscle and musculocutaneous flaps? 
• Donor site scar is  not aesthetic (unacceptable in female patients). 
• Pedicle produces bulk in the subcutaneous tunnel. 
• Hair-bearing skin is  a disadvanlage for intraoral reconstruction. 
• Too much bulk may cause problems in tongue and FOM reconstruction. 
• Dissection is  carried out over a large area. 
• The close proximity to the recipient site prevents a simultaneous two-team approach. 

26. Can the sternocleidomastoid (SCM) musculocutaneous flap be raised over an inferior 
pedicle? 

Yes. The skin island may be outlined over the inframastoid area and the flap may be based on an 
i nferior blood supply; however, it usually requires sacrifice of the e leventh nerve. The SCM has 
three blood suppl ies ( superior, middle, and inferior); the tlap is more frequently raised on the supe
rior pedicle with a distally placed skin is land over the supraclav icular area. In functional neck dis
section cases, this flap may be used for intraoral reconstruction. 
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27. Describe the variants of the trapezius muscle and musculocutaneous flaps for intraoral 
reconstruction. 

The trapezius musculocutaneous flap may be elevated along the descending portion of the trans
verse cervical artery with a vertical skin island or in a transverse direction, mobil izing the upper por
tion of the muscle on the transverse cervical artery. The flap is  elevated only with the portion of the 
muscle necessary to incorporate the pedicle area and provide a base with the skin paddle. 

28. What is the first-l ine choice in free flap reconstruction for tongue and FOM defects? 
The radial forearm fasciocutaneous flap. 

29. What are the advantages of the radial forearm flap for intraoral reconstruction? 
• Thin p l iable skin is  suitable for intraoral l ining. 
• Distant donor area enables a simultaneous two-team approach. 
• Rel iable and constant pedicle and internal vascular architecture prov ide satisfactory flap circu-

lation. 
• Incorporation of cutaneous nerves serves to restore sensation to the reconstructed area. 
• Lack of bulkiness avoids l imitation of tongue mobi l i ty for tongue and FOM reconstruction. 
• Consistency of the fasciocutaneous unit allows osteointegration of 1he alveolar ridge. 
• Versati l i ty of the skin island-pedicle alignment faci l i tates comfortable anastomoses. 
• Brachioradial is muscle may be included with the flap when additional bulk  i needed. 
• A  partial-thickness segment of radius may be harvested within the flap for bone and soft t issue 

reconstruct ion. 

30. What are the advantages and disadvantages of the jejunum free flap for intraoral recon
struction? 

Advantages: It is best for correction or prevention of xerostomia in irradiated patients and re
tains secretory abil ity. Use of bowel components to provide coverage and bulk as wel l  as l in ing is  
possible. Jejuna! reconstrnction of tongue and FOM defects allows full range of tongue motion. The 
vascular pedicle is rel iable and suitable for microsurgical anastomoses. The flap can be harvested 
endoscopically. Reconstruction is a one-stage procedure. 

Disadvantages: The intraabdominal procedure carries the associated donor s i te risks. Hyper
secretion and extreme mobi l i ty of the flap l ining are additional drawbacks. 

31. Describe the vascular anatomy and harvest of the jejunum flap. 
An arcade formed by branches of the superior mesenteric artery supplies the jejunum. Each 

branch (usual ly larger than 1 .5 mm in diameter) can support a segment of jejunum up to 24 cm long. 
Usual ly a segment of proximal jejunum (within the first two feet) is used for reconstruction. 

After the identification of the l igament of Treitz through a left upper quadrant transverse i nc i
s ion,  a suitable prox imal segment is  located. The vascular pedicle is  dissected toward i ts superior 
mesenteric origin. All other anastomosing vessels are tied off, leav ing the pedicle as the only blood 
supply to the flap. Next, the proximal and distal ends of the jejuna! segment are divided, usually with 
a stapling device. Once the viability of the flap is assessed, the vascular pedicle is divided close to its 
origin and the fl ap is  transferred. The tubular flap can be converted to a flat flap by opening it 
through its antimesenteric border longitudinally. Bowel continuity in the donor site is reestabl ished. 

32. Evaluate the lateral arm flap for tongue reconstruction. 
The lateral arm flap provides soft, supple, mobile, innervated tissue of 1 2  cm x 1 8  cm for tongue 

and FOM reconstruction. I t  receives its blood supply from the radial collateral artery ( 1 .2 mm in di
ameter). The lateral brachia! cutaneous nerve can be trnnsferred within the flap to rec nstruct the l in
gual nerve. This flap possesses similar advantages to the radial foream1 flap; however, the course of 
the vascular pedicle may vary. 

33. What is the role of the laser in oral cavity cancer? 
Transom! laser resection of oral cavity carcinomas is widely used in the absence of nodal in

volvement. The surface is left to granulate and satisfactory epithel ia l ization is observed. Low mor
bidity and successful control of the disease have supported the use of laser resection in combination 
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with staged neck dissection i n  advanced cases when mandibular or deep v isceral involvement is  
ruled out. 
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40.  MAN D I B LE RECO N STRUCTI O N  

Norman Weinzweig, M . D .  

l .  Who was Andy Gump? 
Caricaturized i n  the 1 930s, Andy Gump was a real- l ife person with head and neck cancer who 

had an unreconstructed resection of the anterior mandible. A statue in his memory stands in Lake 
Geneva, Wisconsin. 

2. Describe the functional deficits associated with the Andy Gump deformity. 
The Andy Gump deformity results from loss of height, width, and projection of the lower third 

of the face due to resection of the anterior mandibular arch with anterior and medial deviation of the 
lateral mandibular segments by the res idual mylohyoid muscles and superior displacement by the 
medial pterygoid, masseter, and temporal is muscles. Loss of the anterior mandible results in impair
ment of oral competence, speech, deglutition (swallowing), and mastication. Loss of support for the 
hypomand ibular complex contributes to aspiration, dysphagia, oral incompetence, and d i fficulty 
with mastication. 

3. What functional deficits are associated with lateral mandibulectomy? 
Loss of continuity in the lateral and posterior segments is far less severe than with central defects. 

Lateral mandibulectomy defects result in cheek contour deformity with deviation of the symphysis 
from the midl ine when the mouth is open. Upward and lateral displacement of the mandibular rem
nants results from uninhibited pull of the opposite intact muscles of mastication and scar contracture on 
the resected side. This displacement creates difficulty with bi maxil lary relationships and occl usion. 

4. What are the main goals and considerations in mandibular reconstruction? 
• Primary wound heal ing • Restoration of aesthetics 
• Early functional oral rehabil i tation • Restoration of the patient's body image 

5. What are the advantages of immediate mandibular reconstruction? 
Immediate reconstruction provides the best opportunity to achieve optimal aesthetic and func

tion outcome after loss of the mandible .  Delayed reconstruction, on the other hand, is  associated 
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with deformity and functional deficits as  the resected ends of the mandible become tethered by soft 
t issue scarring, fibrosis, and contracture and often cannot be fully co1Tected .  

6.  How do you manage a patient with a shotgun wound to the face? 
• Airway, breathing, circulation (ABCs) of resuscitation 
• Tracheostomy-often necessary to secure an airway 
• Serial debridements of devitalized soft tissue and bone 
• Temporary stabilization of the mandibular fragments with rigid plate(s) or external fixation 
• Definit ive composite reconstruction when the patient's overall status permits 

7. What are conventional techniques for mandibular reconstruction? 
• Free bone grafts 
• Alloplastic materials (metal l ic implants, metal or Dacron trays packed with cancellous bone) 
• Freeze-dried, autoclaved, or irradiated bone allografts 
• Pedicled flaps 
These techniques have poor or, at best, unpredictable resu lts due to variabi l ity of the trauma

tized, i rradiated, or avascular recip ient beds. Reconstructions often require mult iple-staged proce
dures with long hospitalizations; patients often succumb before completion of the reconstruction. 

8. What are the indications for a no-bone reconstruction? 
• Poor surgical candidates 
• Short l ife expectancy 
• Edentulous patients with only small posterior mandibulectomy defects 

9. What is the role of nonvascularized bone grafts? 
• Limited to small lateral defects (< 5 cm) in patients wi th excellent soft t issue coverage who 

have not received and will not receive radiation 
• Condylar reconstruction in children 

10. What are the advantages of reconstruction plates, with or without soft tissue reconstruction? 
• Ease of application • Reduced operative time 
• Rigid fixation • Condylar replacement 
• Lack of donor site morbidity • Reconstruction of extensive bony defects in elderly 

and infirm patients 
Best i ndicated in patients with poor prognosis, lateral defects, and good soft tissue coverage 

who have not received and wi l l  not receive radiation. 

1 1 .  What are the disadvantages of reconstruction plates, with or without soft tissue recon
struction? 

• Lack of long-term rel iabi l ity 
• Stress on mandibular fragments may cause screw loosening, plate fatigue, and fracture 
• I nadequate soft t issue coverage or radiated t issues resul t  in plate extrusion in many anterior 

reconstructions 
• No bone stock for osseointegrated dental implants 

12. What are the advantages of the radial forearm osteocutaneous flap? 
• Up to 14 cm of straight unicortical bone 
• Multiple osteotomies may create an anterior mandible or hemimandible 
• Thin, pliable, abundant, relatively hairless skin 
• Excellent intraoral l ining; conforms wel l  to sulci and prevents tethering of tongue 
• Can be split into separate skin paddles for intraoral mucosa! l in ing and externaJ skin coverage 
• Flexibi l i ty in three-dimensional orientation of bone and skin paddle(s) 
• Possible reinnervation by coaptation of lateral or medial antebrachial cutaneous nerves with 

l ingual, mental, or great auricular nerves may faci l itate oral rehabi l itation 
• Long pedicle; large caliber vessels; dual venous drainage 
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13.  What are the disadvantages of the radial forearm osteocutaneous flap? 
• Donor radius fracture • Prolonged extremity immobil ization 
• Skin graft loss with tendon exposure • Osseointegration 1101 possible 
• Displeasing appearance of donor site 

14. What are the major reasons for donor radius fracture? 
• Harvesting an excessive amount of bone 
• Perpendicular osteotomies with cross-cutting of the radius, which further weakens i t  
• Inadequate length of postoperative immobil ization of arn1 
• Failure to prevent pronation and supination by application of a long-ann cast 

15. How can donor radius fracture be prevented? 

223 

The radial forearm osteocutaneous flap has received a bad reputation because of  donor radius 
fracture. This compl ication can be prevented by avoiding the problems cited above as well as by a 
modification of the standard technique in which the radius is harvested as a keel-shaped segment of 
bone. Early series reported incidences of fracture ranging from 10-67%. However, two recent series 
by Weinzweig et al. and Swanson et al. demonstrated a combined fracture incidence of only 2.9% ( 1  
of 34). The solitary fracture was perhaps preventable. 

16. What are the advantages of the i liac crest osteocutaneous flap? 
• Up to 1 4  cm of thick corticocancellous bone 
• Natural bone curvature ( i ts unique shape resembles a hemimandible) 
• Best bone stock for osseointegrat ion 

17. What are the disadvantages of the iliac crest osteocutaneous flap? 
• Soft tissue too bulky for intraoral l ining unless glossectomy is performed 
• Poor t issue for intraoral, chin, and submental contour 
• Least degree of three-dimensional flexibil ity of skin and bone 
• Skin rel iabil i ty is unpredictable 
• Delayed ambulation and gait disturbances 
• Contour deformity at donor site, especially when a large amount of bone is harvested 
• Abdominal wall weakness or herniation 
• Injury to lateral femoral cutaneous nerve 
Modifications include use of the internal oblique muscle and skin graft for intraoral l in ing and 

split inner cortex bone harvest. 

18. What are the advantages of the scapular osteocutaneous flap? 
• Up to 1 4  cm of straight lateral scapular bone • Good external skin coverage 
• Independently vascularized bone and • Osseointegration possible 

skin paddle(s) • Minimal donor s i te morbidity 
• Greatest three-dimensional flexibil ity 

19. What are the disadvantages of the scapular osteocutaneous flap? 
• Bulky soft tissue for intraoral l ining • Two-team approach not faci l itated 
• Osteotomies can devascularize bone • Seroma formation 

segments 

20. What are the advantages of the fibular osteocutaneous flap? 
• Up to 25 cm of straight bicortical bone- • Osseointegration possible 

by far the largest amount of bone • Minimal donor site morbidity 
• Multiple osteotomies 

21. What are the disadvantages of the fibular osteocutaneous flap? 
• Unreliability of skin paddle • Objectionable appearance of skin-grafted donor s i te 

(no longer a problem) • Delayed ambulation 
• Limited amount of skin available • Neurapraxia 
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22. Compare the common vascularized composite tissue transfers and donor sites for oro
mandibular reconstruction. 

Comparison of Common Vascularized Composite Tissue Transfers 
for Oromandibular Reconstruction 

BONE SOFT TISSUE 

DONOR LENGTH MORBI D-
S JT E  (cm) QUALITY QUALITY RELlf\BILITY HARVEST ITY PED I CLE 

Fibula 25 Excellent Sk in/muscle, ex- Good A, B Min imal Peroneal artery, 
cellent, poten- up to 1 5  cm 
tial ly sensate 

Scapula 1 4  Good Skin/muscle, Excellent D Moderate Subscapular 
good, not anery, up to 
sensate JO cm 

I l iac crest 1 4  Excellent Sk in/muscle, fair, Good A, C Moderate Deep circumtlex 
not sensate to severe i l iac artery, 

5-6 cm 
Radial 1 0  Poor Skin, excellent, Excellent A,B Moderate Radial artery, 

forearm potentially to severe up to 1 5  cm 
sensate 

A, two-team approach; B, easy; C, intermediate; D, more difficult .  

Comparison of Free Flap Donor Sites for Mandible Reco11struc1ion 

TISSUE CHARACTER ISTICS 

DONOR S ITE BONE SKIN PEDICLE 

Fibula A c B 
I l i u m  B D D 
Scapula c B c 
Rad i us D A A 

A, excellent; B, good: C, fair; D, poor. 

DONOR S ITE CHARACTER ISTICS 

LOCATION 

A 
B 
D 
c 

MORBI DITY 

A 

c 
B 
D 

23. Provide algorithms for microvascular mandibular reconstruction. 

Soft Tissue 

I . I "Split" skin �ad1al Forearm 
paddles 

" ,.
1ndep vase I Scapular 

paddles '-----'-----' 

Radial Forearm Thin 

Bulk External 
Sea ular 

Iliac Crest 
Bulk 

Poor 3-D 
Thin but limited size 

2nd Metatarsal 
Signif donor morbidity Thin 

Fibula 
Thin 

Algorithm for mandibular reconstruc
tion: bone component. 

Algorithm for mandibular reconstruc
tion: soft tissue component. 
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24. Is  there a role for sequential free tlaps? 
Sequential or s imul taneous free flaps combine the best quali ties of bone and soft tissue of the 

i ndividual flaps; however, they pro long operative t ime, add complexity to the case, and increase 
donor morbidity. Their role, if any, is  l imited to extensive bone and soft tissue defects not satisfacto
rily reconstructed by a single flap. 

25. What is the role of dental rehabilitation by osseointegration? 
Dental rehabi l i tation by osseointegration achieves the ideal end-goal in mandibular reconstruc

tion, maximizing aesthetic and functional outcome. Unfortunately, few patients are candidates for 
osseointegration and even fewer actually have i t  performed. I t  is difficult to just ify this approach, 
which requires several stages over 6-9 months, in patients with advanced intraoral mal ignancies 
who have poor prognoses (approximately 50% of such patients die within 1 .5-2 years). Moreover, 
many patients were edentulous or had poor dentition before tumor ablation. In addition, the signifi
cant cost associated with this procedure may not be covered by many insurance companies. Lastly, 
the fate of osseointegrated implants in the face of postoperative radiation is uncertain. 

26. What are important considerations in reconstruction (or construction)  of the pediatric 
mandible? 

The ped iatric mandible is dynamic, constant ly chang ing with growth and development. 
Reconstructive options are based on the higher osteogenic potential, the tremendous capacity of the 
temporomandibular joint (TMJ ) for remodel ing, and the impl ic i t  requ irement for growth. The 
mandibular body and parasymphysis are filled with developing tooth buds. One must consider not 
only the three-d imensional problems of aesthetics and occl usion but also the fourth dimension of 
time. Techniques include conventional bone and cart i lage grafting, orthognathic surgery, distraction 
osteogenesis, and microvascular free tissue transfer, alone or in combination. Because of the above 
factors, the diversity of reconstructive options in pediatric cases is greater than in adul t  cases. 

27. Name three primary indications for mandibular reconstruction in the child. 
I .  Posttraumatic-management of significant fractures with bone loss and treatment of their se

quelae of growth disturbances and TMJ ankylosis. 
2. Congenital-hypoplasia associated with oculoauricular vertebral (OAV) syndrome, including 

hemifacial microsomia and cran iofacial microsomia. 
3. After resection of facial tumors or radiation therapy for orbitofacial  tumors. 
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4 1 . SCALP RECO N STRUCTIO N  

Sai S .  Ramasastry ,  M . D , F R  C .S . , and Anmed Makki ,  M D ,  F .R .C .S .  

1 .  What are the common causes o f  scalp defects? 
Scalp defects may result from trauma, tumor excision, and tissue necrosi s  due to burns or radia

tion therapy. 

2. What are the five anatomic layers of the scalp? 
S = Skin. Scalp skin is  considered the thickest skin in the body and may be used as a donor site 

for spl it-thickness skin grafts. 
C = Subcutaneous tissue, which contains hair follicles and sweat and sebaceou glands, blood 

vessels, lymphatics, and nerves. 
A =  Aponeurosis (galea aponeurotica) that connects the frontal i s  muscle with the occipital i s  

muscle. 
L = Loose connective tissue, which allows the scalp to be mobile on the cranium. 
P = Pericranium, which invests the sku l l  bone. 
Scalp avulsion injuries occur at the level of the loose areolar tissue. 

3. What is the arterial supply of the scalp? 
The scalp is  endowed with an extensive c i rculatory network. Anteriorly, it is uppl ied by the 

supraorbital and supratrochlear arteries, which are end vessels of the ophthalmic artery arising from 
the internal carotid. Laterally, it is supplied by the superficial temporal artery, a branch of the exter
nal carotid,  supplying the temporal, parietal, and frontal regions. Posteriorly, it is suppl ied by two 
lateral and two medial branches of the occipital artery, a branch of the external carotid. The postau
ricular artery, also a branch of the external carotid, supplies the posterolateral scalp .  

4. What factors affect the selection of  a scalp reconstruction method? 
l .  Replace l ike tissue with l ike tissue. The scalp should be reconstructed with hair-bearing skin 

whenever possible. 
2 .  Wound repair depends on location, size, and depth of the wound. 
3. Careful preoperative and intraoperative planning. 
4. Wounds without tissue loss, no matter how long after i njury, may be closed b direct approx

imation. 
5. Overzealous debridement is unnecessary because the robust c irculation often al lows salvage 

of the t issues. 
6. In large defects, skin grafting, scalp flaps, and non-scalp flap transfer from a regional or dis

tant s i te come into play. 

5. What are the principles of' the management of acute scalp wounds? 
1 .  The goal is to obtain a healed wound while preventing desiccation, infection, and bone necrosis. 
2. Wounds with vascularized tissue covering the bone, such as the pericranium, may be covered 

by skin grafts. 
3. Keep the tissues moist in every acute situation. 
4. If all layers are absent and the calvarial bone is  exposed, immediate coverage must be pro

v ided by either local flaps or distant flaps. 
5. If the t issue defect also involves the bone, vascularized soft ti ssue coverage must be pro

vided. Bone may be replaced at the same time or at a later date. 
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6. What are the indications and advantages of us ing a skin graft for coverage of scalp 
wounds? 

A skin graft is  an option for partial-thickness wounds. The recipient bed must be wel l  vascular
ized and free of infection. Spl it-thickness skin grafts provide a s imple, fast, and economic way to 
obtain rel iable wound heal ing. Jn some s i tuations, the calvarial bone can be dri l led on the outer 
cortex of the bone and decorticated to allow granulated tissue growth to faci l itate skin graft take. 

7. Can a skin graft be used to cover decorticated outer table skull? 
Yes. Two to three days after decortication of the outer table of the skull, a skin graft remains an 

option in special circumstances. This method provides an epithelial cover for the skull. The proce
dure is most useful as a temporary measure before defini tive scalp reconstruction-for example, by 
tissue expansion. 

8. How do you manage scalp wounds after radiation therapy or tumor r · n? 
The presence of mult iple scalp incisions makes the use of scalp tissues somewhat problematic. 

Previous radiation therapy compl icates the situation because of its deleterio4s effect on local tissue 
blood supply. When i t  is  important to protect the bone or underlying brain tia�lJe, one must provide 
soft tissue coverage with an independent and robust blood supply. This task often requires transfer of 
a regional flap or the m icrovascular transfer of a free flap. 

9. Do periosteal flaps have any role in scalp reconstruction? 
When bone is  exposed, skin graft coverage may not be possible. Local pericranial flaps may be 

used in such cases for bone coverage, thus providing the vascularized bed necessary for skin graft 
take. 

1 0. What is the major indication for use of regional or distant flaps for scalp reconstruction? 
Large defects involving greater than 30% of the scalp that must be closed acutely and cannot be 

reconstructed with a skin graft or local flap. This situation is seen most commonly after ful l-thick
ness excision of a scalp tumor. 

1 1 .  What are the indications for the use of free flaps for scalp reconstruction? 
Free t issue transfer should be reserved for patients for whom reconstruction by conventional 

pedicle flap is  not feasible. Free flaps are becoming increasingly used in the acute coverage of large 
defects after burns, radiation, and, occasional ly, ful l-th ickness excision of large tumors. I n  most 
cases, however, a carefully planned local transposition or rotation flap may be equally effective. 

12. What are the advantages of free flaps? 
M icrovascular free tissue transfer allows one-stage coverage of large defects with exposed bone 

or underlying brain tissue. 

13. What are the most commonly used free flaps for scalp reconstruction? 
I .  Omental flaps 
2. Latissimus dorsi muscle flaps followed by spli t-thickness skin grafts 
3. Radial forearm flaps 

14. What makes a radial forearm flap an ideal free flap for the scalp? 
The radial forearm flap is a versatile flap for the reconstructive surgeon because of its thinness, 

durable skin qual i ty, aesthetic match, and relative ease of dissect ion. I t  prov ides a rel iable s ingle
stage method to cover d i fficu l t  scalp defects when other local methods are unsuitable. One of the 
drawbacks is  its relatively small s ize. Preexpansion of the radial forearm flap may be used to cover a 
large scalp defect. In addition, the radial forearm flap is relatively non-hair-bearing. 

15. What are the disadvantages of free flaps for scalp reconstruction? 
The flaps are often bulky and do not provide hair-bearing t issue for reconstruction. Technical 

d ifficul t ies and donor s i te problems associated with microsurgical t i ssue transfer are additional 
drawbacks. 
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16. What are the available options for reconstruction of scalp bony defects? 
I .  Cranial bone graft, which is available in the same operative field 
2. Spl i t  rib graft 
3. Cancel lous bone graft from a distant bone site 
4. Al loplastic materials, such as methyl methacrylate 

17. What is the role of tissue expansion in scalp reconstruction? 
Tissue expansion has become the preferred method of secondary scalp reconstrnction. It offers 

the reconstructive surgeon a better option than the convent ional methods of skin grafts or transfer of 
non-hair-bearing, regional, or microvascular flaps for reconstruction of large defect that cannot be 
repaired with adjacent hair-bearing flaps. Reconstruction of large scalp defects depends on the abil
ity to cover them with hair-bearing tissue. When the area of alopecia is large, the nonnal scalp is  not 
sufficient to cover the defect resulting from excision of alopecia. Using t issue expansion techn iques, 
large wounds cari be totally resu1faced while normal hair growth is  maintained. 

18. What is the major drawback of tissue expanders? 
The main disadvantage of tissue expansion is  the long duration of treatment. 

19. What is the main concern in the use of scalp tissue expansion in children? 
There is a risk of skul l  deformation after a prolonged period of expans ion .  Little i s  known 

about the long-term effects on the skull and the abil ity of the skul l  to remodel after removal of the 
expander. 

20. What are the potential complications of scalp tissue expansion? 
Infection, exposure of the expander, extrusion, and device fail ure. 

21 .  What are the advantages of an expanded free scalp flap? 
Expansion of a large free scalp flap before transfer al lows direct closure of the flap donor s i te ,  

thereby avoiding the need for a skin graft or local flap to close the donor s i te. 
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4 2 .  S U RG ICAL ANATOMY O F  TH E FACIAL N E RV E  

So!ieil Younai ,  M D ,  a nd Brooke R .  Seckel. M . D .  

1 .  From which foramen does the main trunk of the facial nerve exit the skull, and what type 
of fibers does it  contain? 

The main trunk of the facial nerve leaves the sku l l  from the stylomastoid foramen, and at this 
point i t  only contains motor and sensory fibers, because its parasympathetic fibers leave the cranial 
fossa along with other cranial nerves. 
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2. How do you locate the main trunk of the facial nerve during a parotidectomy? 
As the facial nerve trunk travels from the stylomastoid foramen to the parotid body, i t  passes an

terior to the posterior belly of the digastric muscle, lateral to styloid process and the external carotid 
artery, and posterior to the facial vein. At the beginning of a parotidectomy start by mobi l i zing the 
tail of the parotid superiorly and retracting the anterior border of the sternocleidomastoid laterally in 
order to identify the posterior belly of the digastric muscle. Follow this muscle superiorly toward its 
insertion at the mastoid t ip .  After bluntly separat ing the parotid from its attachment to the cartilage 
of the external audi tory canal, the tragal pointer comes into view. The facial nerve trunk l ies approx
imately I cm deep and s l ightly anteroinferior to the tragal pointer. 

3. "Great nerves travel together." How does this apply to the relationship of the facial nerve 
to other cranial nerves? 

a. Facial nerve accompanies the acoustic nerve (CN Y l l l )  as they leave the cranial Fossa via the 
internal acoustic meatus . 

b. Facial nerve's parasympathetic fibers travel with the trigeminal nerve (CN Y). 
1 .  Y 1 -lacrimal nerve to the lacrimal gland. 

i i .  V ,-pterygopalatine nerve to the nasal and palatal glands. 
1 1 1 .  v;- l ingual nerve via chorda tympani to the taste buds of the anterior two thirds of the 

tongue, and submandibular and sublingual glands. 
c. Facial nerve's sensory fibers travel with the auricular branch of the vagus nerve (CN X) to 

provide sensation to the external auditory meatus. 

4. Does the facial nerve innervate the posterior or the anterior belly of the digastric muscle? 
The facial nerve innervates the posterior belly of the digastric muscle,  whi le  the tr igeminal 

nerve innervates i ts anterior belly. 

5. What muscle does the facial nerve innervate in the middle ear and what does i t  do? 
The facial nerve innervates the stapedius muscle which dampens loud noise. 

6. Which brachial cleft arch does the facial nerve arise from? Which brach ia( cleft arch does 
the trigeminal nerve arise from? 

The first brachia( cleft arch gives rise to the trigeminal nerve, while the second arch gives rise to 
the facial nerve. 

7. What are the major branches of the facial nerve before and after it enters the parotid? 
The fac ial nerve t runk has six major branches which are the tempora l ,  zygomatic, bucca l ,  

mandibular, cerv ical, and auricular. The auricular branch comes off before the facial nerve turns into 
the parotid body, and innervates the superior auricu lar, posterior auricular, and occipital is muscles, 
as well as prov iding sensation to the area behind the ear lobe. Within the parotid, the facial nerve di
vides into two main divisions, the temporofacial and the cervicofacial, which further divide into the 
temporal, zygomatic, buccal,  mandibular, and cervical branches. 

8. What is the  relationsh i p  of the  facial nerve to the  SMAS? 
As the facia l  nerve branches leave the  parotid body they are covered by a very th in  l ayer of 

parotidomasiteric fascia. The S MAS is located superficial to this layer. 

9. What is Bel l 's palsy? 
Bel l 's palsy is  paralysis of the facial nerve. It was f irst described by Charles Bel l  in 1 8 1 4 after 

he noted the features of facial  paralys is  in a laboratory monkey wi th a transected fac ial nerve. 
There have been over 75 di fferent et iologic factors iden t i fied for Be l l 's pal sy, inc l uding ( I )  
Congenital (Mobius syndrome), ( 2 )  Traumat ic ( iatrogenic laceration, fractures, gunshot wound), 
(3) Neoplastic ( tumors of parotid, central nervous system, head, and neck), (4) Neurologic (cere
bral vascu lar accident,  degenerat ive), ( 5 )  I n fect ions (bacter ia l ,  v i ra l ) , (6) Metabo l i c ,  and (7)  
Id iopathic.  The spec ific  fi ndings in fac ial para lys is  depend on the level o f  the les ion,  which are 
summarized in the fol lowing table: 
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Level of Injury Paralysis Signs/Symptoms Tesr 

Extracranial Muscles of facial Inability to close eyes Facial movement 
expression Lower lid laxity/ectropion Electrodiagnostic 

Eyebrow ptosis tests 
Asymmetric facial animation 
Oral sphincter incompetence/drooling 

Tympanomastoid Chorda tympani :  
a) Taste fibers a) Loss of taste in anterior two thirds Bitter taste test 

of tongue 
b) Parasympathetic b) Dry mouth Sal ivary test 

innervation to sub-
l ingual and sub-
mandibular glands 

Stapedius muscle Hyperacoustic sounds tapedial reflex 
Geniculate gang- Lacrimal nerve Dry eye Schirmer's test 

l ion/greater 
petrosal nerve Parasympathetic Dry nose 

to nasal and palatal 
secretory glands 

Internal CN VII + V I I I  + Loss o f  hearing udiology 
Auditory canal + Loss of balance Electronystag-

mo gram 
CNS Supranuclear All of the above (unilateral upper Central 

Nuclear motor neuron lesion does not neurologic 
In fran uclear/cerebel lo- affect muscle function of fore- examination 

pontine angle head or eyes) 

1 0. Do the facial muscles of expression receive their innervation along their superficial or 
deep surface? 

It depends. Facial muscles such as the mentalis, levator angularis superioris, and the buccinator 
are located deep within the facial soft tissue. Because these muscles lie deep to the plane of the facial 
nerve, they receive their innervation along their superficial surfaces and may be damaged during 
rhytidectomy if die dissection is  carried out superficially. On the other hand, al l  other facial muscles 
of expression are located superficial to the plane of the facial nerve and mus receive dieir innervation 
along their deep or posterior surfaces. For example, the platysma, orbicularis oculi ,  zygomaticus 
major and minor are s i tuated superficial to the level of the facial nerve; therefore, during rhytidec
tomy the dissection should be perfomied superficial to the surface of diese muscles in order to avoid 
meir denervation. 

1 1 .  What is the course of the frontal branch of the facial nerve? 
The frontal branch of the facial nerve travels approximately along a l ine from 0.5 cm below the 

tragus to 1 .5 cm above the lateral end of the eyebrow. 

12.  What is the relationship of the frontal branch of the facial nerve to the SMAS and tem
poroparietal fascia? 

Temporoparietal fascia i s  the extension of me SMAS superior to the zygomatic arch. Inferior to 
the zygomatic arch the frontal branch of the facial nerve travels deep to the SMAS. As i t  crosses over 
the zygomatic arch i t  becomes very superficial. At this point it is  sandwiched between the periosteum 
(extension of the deep temporal fascia) and the temporoparietal fasc ia  (extensi n of the S MAS) .  
Superior to  me zygomatic arch, the frontal branch of the facial nerve travel s  within or  on the under
surface of the temporoparietal fascia, and superficial to the superficial layer of me deep temporal fascia. 

13. What are the "facial danger zones"? 
They are defined areas in the face and neck that correspond to the location of the important 

nerves. A surgeon must know their exact locations to avoid injuring diem during rhytidectomy. 



Surgical Anatomy of the Fac ia l  Nerve 

Facial Relationship 
Danger Zones Midpoint Location Nerve to SMAS 

6.5 cm below the external Great auricular nerve Beneath 
auditory cana l 

2 Below a l ine drawn from 0.5 Temporal branch of W i thin 
cm be low tragus to 2.0 cm fac ial nerve 
above lateral eyebrow 

3 Midmandible 2.0 cm posterior Marg inal mandibular Beneath 
to oral comm issure branch of facia l  nerve 

4 Anterior to parotid gland and Zygomatic and buccal Beneath 
posterior to zygomaticus branch of facial nerve 
major muscle 

5 Superior orbital rim above Supraorbital and supra- Beneath 

midpupil troch lear nerves 

6 1 .0 cm below inferior orbital lnfraorbi tal nerve Beneath 
rim below midpupil 

7 Midmandible below second Mental nerve Beneath 
premolar 

2 3 1  

Sign of Injury 

Numbness i nferior 
two-thirds of ear 

Paralys is  of fore-
head 

Paralysis of lower 
l ip  

Paralysis of upper 
l ip  

Numbness of  fore
head, upper eye-
1 id , nasal dorsum 

Numbness of side 
of  upper nose, 
cheek, upper l ip 

Numbness of half 
of the lower l ip  

14.  What is the incidence of facial nerve injury during a standard rhytidectomy? Which nerve 
is damaged most often? What are the chances for recovery? 

The incidence of facial  nerve paralysis after rhytidectomy in a series of over 6,500 reported 
cases is  approximately 0.7%. Of all of these only 0. 1 % were pemrnnent. The most frequently injured 
branches were the temporal and the marginal mandibular. Most patients recovered within 6 months. 

CONTROVE RSY 

15.  Does the marginal mandibular branch of the facial nerve really run at the margin of the 
mandible? 

Cadaver dissections reveal that posterior to the facial artery the marginal mandibular nerve runs 
above the inferior border of the mandible in 8 1  % of specimens. I n  die other 1 9%, i t  runs in an arc, 
the lowest point of which is I cm or less below the inferior border of the mandible. Anterior to the 
facial artery, all of the branches of mandibular rami are above the inferior border of the mandible. 

On the contrary, c l in ical observations made during hundreds of parotidectomies and rhytidec
tomies have shown that die mandibular branch always runs between l -2 cm below the lower border 
of the mandible. It has also been noted that in some individuals with lax and atrophic t issues, the 
branches were even 3-4 cm below the inferior border of the mandible. 
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1 .  What are the key questions in obtaining the history of a patient with facial paralysis? 
Onset is  the most important aspect of the h istory in determining the cause of a patient's facial 

paralysis .  Acute onset is  most l ikely associated with infection, trauma, medication, or vascular 
causes. S low onset is most indicative of a tumor. Other important questions are the presence of hy
peracuity, dizziness, and changes in tearing, taste, and hearing. 

2. What should you look for on physical exam? 
The patient should be observed at rest, while talking,  laugh ing, smil ing, and drinking. Special 

attent ion should be focused on whether the patient has a bl ink reflex, whether the blink reflex is 
symmetrical, or whether the patient stares at the observer and blinks only from one eye. Movements 
of the commissure of the mouth, nasolabial fold, and forehead and the abi l i ty to depress or elevate 
the l ips are important for assessing symmetry. The patient should be asked to close the eyes tightly, 
puff the cheeks, and smile both broadly and l ightly. Downward movement of the ·ps demonstrates 
depressor and platysma function. 

3. How does an upper motor neuron lesion present? Why? 
Upper motor neuron lesions present with an ipsilateral lower face paralysis. Upper face function 

is  usually preserved because of bilateral innervation of the upper face from the cerebral cortex. 

4. How does an intratemporal lesion of the facial nerve present compared with an extratem-
poral lesion? 

The intratemporal portion of the facial nerve contains both sensory and motor fibers: 
I .  The superficial petrosal branch innervates the lacrimal glands. 
2 .  The nerve to the stapedius helps to dampen loud noises. 
3. The chorda tympani provides sensory fibers to the anterior two-thirds of the tongue. 
Because the extratemporal facial nerve has only motor fibers, extratemporal lesions involve no 

sensory deficits; the stapedius and lacrimal glands are not affected. 

5. What tests can differentiate between an intratemporal and extratemporal lesion of the 
facial nerve? 

1 .  Schirmer's test looks at lacrimation of the normal and paralyzed s ides. A 25% decrease in 
tear production is  abnormal. 

2. The stapedius reflex test measures the ability of the stapedius to dampen loud sounds. 
3 .  The electrogustometry test measures the sensation of the anterior two-third of the tongue by 

using a galvanic cun·ent. 

6. Which branch of the facial nerve is most commonly injured during a routine face l ift? 
The mandibular branch is  the most commonly injured because i t  courses infe ·or to the parotid 

just beneath the superficial masseter fascia superiorly and along the lower border of the mandible. It 
is  usually injured during removal of fat from the submental and submandibular areas. 

7. How long after injury to the facial nerve can some function be restored with microsurgery? 
The timing of surgery is critical. If immediate repair of the damaged facial nerve is  possible, it 

should be done. Immediate repair prevents scar and neuroma formation and permits easier identi fi
cation of the injured nerve ends; it also allows better fascicle alignment, leading to improved results. 

If reconstruction is  delayed because of the patient's condition, a period up to 3 weeks will still 
allow optimal results. After this time, the quality of the results deteriorates because of contraction of  
the  severed ends, thickening of the muscle membrane, proximal neuroma format ion. and proliferation 
of fibrous tissue. In general, for a complete lesion, the optimal time for repair is  within 3 months. I f  
the lesion i s  partial, however, good results may be obtained even after 2 years. 

232 
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8.  Once the  diagnosis i s  made, how does one establish a strategy of  reconstruction? 
The strategy of reconstruction is determined by the extent and level of the injury. If both proxi

mal and distal stumps are avai lable, d irect repair is  recommended. If only the proximal stump is 
available, attempts should be made to neurotize the facial muscles directly with nerve grafts. If  only 
the distal nerve stump of a facial nerve branch is available, ipsilateral nerve transfers or cross-facial 
nerve grafting (CFNG) should be considered. If the main facial nerve is extensively damaged, other 
available ips i lateral donors may have to be used, such as the hypoglossal nerve, spinal accessory 
nerve, or trigeminal nerve, usually in combination with CFNG. 

9. What preoperative tests are mandatory in facial paralysis work? Why? 
Plain radiographs of the skull usually demonstrate lesions such as menigiomas and outline any bony 

invasion that may be present. Bi lateral temporal bone polytomography helps to visual ize the right and 
left facial nerve canals and is an important test in differentiating developmental absence of the facial 
nerve from acquired lesions. Coronal-cut CT scan helps to demonstrate transverse skull fractures, and 
longitudinal views demonstrate temporal bone damage. Electromyography (EMG) helps to assess which 
muscles are paitially or totally innervated and to define which targets need to be reinnervated. 

10. What are the advantages and disadvantages of ipsilateral nerve grafting? 
Ipsi lateral nerve grafting is  the treatment of choice for lesions of isolated branches of the facial 

nerve. It gives faster, stronger regeneration in a shorter time. However, ipsi lateral nerve graft ing to 
the main trunk of the facial nerve is invariably fol lowed by severe mass action and synkinesis. 

1 1 . What is cross-facial nerve grafting (CFNG)? 
CFNG is a technique that borrows motor axons from the normal facial nerve and del ivers them via 

interposition nerve grafts to the contralateral paralyzed side. CFNG allows the possibility of synchro
nized, coordinated movements as well as the possibility of self-expression. Although it can be done as 
a one-stage or two-stage procedure, most surgeons prefer the two-stage approach. The advantage of the 
two-stage approach is  that the distal stump of the cross-facial nerve grafts can be assessed histologi
cally at the second stage before coaptation with the branches of the facial nerve on the injured side. 

12. What are the advantages and disadvantages of CFNG? 
CFNG i s  a physiologic approach that, i f  done properly, gives satisfactory reinnervation to the 

damaged contralateral facial nerve. Disadvantages incl ude invasion of the normal facial nerve, donor 
deficits from the harvesting of the nerve grafts, need for interposition nerve grafts with two coapta
tion s i tes, and a long interval for target reinnervation. CFNG is cons idered a relatively weak motor 
donor and thus provides best results if used in the first 3 months after the onset of facial paralysis. 

1 3. In  the CFNG procedure, how does one determine when the regenerating facial nerve 
motor fibers have crossed the face? 

Clinical exam is used to assess the nerve grafts postoperatively. After consulting the intraopera
tive drawings, Tinel 's sign is el ic ited. Tinel 's  sign is observed when the paralyzed side is percussed 
and the patient feels t ingl ing in the appropriate site on the normal face. The degree of tingl ing sensa
tion usually corresponds to the effectiveness of regeneration of the particular nerve graft. In addition, 
conduction velocities can be obtained noninvasively and are a useful and objective means to evaluate 
each CFNG individual ly. 

14. Describe the postoperative management after a completed CFNG procedure. 
The most important factor in postoperative care is  protection of the coaptation s i tes of the 

CFNG. A splint is  placed around the patient's head, l imiting the patient's abi l i ty to open the mouth. 
Manipulation of the area in which the repairs are located should be l imited. Ant iemetics are given 
because a sudden episode of projecti le vomit ing will invariably disconnect the repair. Talking also 
should be l imited. In 6 weeks, massage should be instituted in the cheek to soften the area and de
crease scar formation around the nerve repairs. Intensive slow-pulse stimu lation of the denervated 
muscles prevents atrophy while the facial motor fibers are regenerat ing. After the second stage, a 
certain degree of fac ial muscle reinnervation takes place. The same postoperative precautions are 
taken, and s low-pulse stimulation again is recommended at 6 weeks along with intensive physical 
therapy and facial exerc ises. Physical therapy includes training the patient to use both sides of the 
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face in a symmetric, coordinated fashion and each s ide of the face independen t ly. Furthermore, 
b iofeedback is  a useful tool that faci l i tates the reeducation process. 

15 .  What are the indications for free muscle transfer in facial paralysis? 
If the denervation t ime (time after injury) is excessively long, the fac ial muscles invariably atro

phy. In such cases, free muscle transfers are required. EMG demonstrates the degree of denervation 
of the facial musculature. If there is  no hope of adequate reinnervation by ipsilateral or contralateral 
nerve grafts alone, foreign muscle in the form of a free vascularized muscle transplant is  indicated. 

1 6. What criteria determine the choice of foreign donor muscles? 
The choice of muscle depends on the dynamic requirements of the nonparalyzed side. The se

lected muscle should provide a range of excursion that corresponds to the opposite normal s ide. The 
orig in and insertion must appropriately fit the l ine of excursion intended to be restored. Muscle 
transplantation can be done to correct mi ld asymmetry or complete paralysis of the nasolabial fold 
and angle of the mouth. The free muscle must have a reliable neurovascular pedicle and be dispens
able, eas i ly contoured, and capable of generating sufficient force to provide the needed symmetry to 
the face. The most commonly used muscles in facial reanimation are the graci l is  and pectoralis minor. 

17. What are the advantages and disadvantages of the gracilis free muscle transfer? 
Advantages 
• A predictable, long, and constant neurovascular pedicle makes the grac i l is a very dependable 

transfer. 
• Harvesting of the graci l is  is relatively easy because of easy reach; thus, trimming, debulk ing, 

and contouring are faci l i tated. 
• After transfer and upon reinnervation, the muscle can generate sufficient force to obtain the 

desired excursion. 
Disadvantages 
• The grac i l is is bulky and too Jong for facial reanimation purposes and always requ ires sculp

turing to fit the face. 
• The debulking process, if extensive, may cause injury to the end plates and result in a success

ful transfer that cannot generate adequate force. 
• The grac i l is has only one direction of pul l ;  thus, it is best used for restoring certain types of  

smile, especially retraction and modest elevation of the modiolus. 

1 8. What are the advantages and disadvantages of' the pectoralis minor muscle transfer? 
The best indication for the use of the pectoral is minor flap is  developmental facial paralysis in 

young chjJdren (see figure, top of next page). In 4-5-year-old children the dimensions of the muscle are 
ideal. It also may be used in  nonathletic adults who have not bui l t  up the muscles of the upper torso. 

Advantages 
• Donor s i te morbidity is minimal. 
• The muscle has ideal form and shape for the face. 
• The muscle can yield adequate excursion in the needed direction of pull .  
• If the hi lus of the muscle is  placed over the zygomatic arch, its slips of origin can be separated 

and fashioned to substitute not only for the zygomaticus major muscle but also for the elevators of the 
upper l ip  as well as the retractors of the commissure. Thus one can obtain a multidirectional pul l .  
Dual  innervation is  the most important advantage. The upper third is  innervated by a branch of the 
lateral pectoral nerve, whereas the lower two-thirds are innervated from the medial pectoral nerve. 
Dual innervation al lows independent movements of the upper and lower parts of the muscle. This 
advantage can be used to address the separate needs of animation of the eye and the mouth or of an
imation of the commissure vs. the upper l ip .  

Dis ad van tag es 
• The position of the muscle is  deep; thus, harvesting is  difficult for the inexpe1ienced. 
• Debulking the muscle is  difficult; thus, it has to be debulked during ischemia time, which may 

have functional repercussions. 
• Because the neurovascular pedicle is  short, one needs to carry the recipient vessels on the pos

terior surface of the muscle to accomplish the anastomoses. 
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Exemplary outcome from m icrosurgical reconstruction. Leji, The patient with developmental facia l  paralysis pre
operatively. Right, The patient 3 years after cross-facial nerve grafts and pectoral is minor transplantation. 

• The pectoral is muscle has a variable dominant vascular supply. The lateral thoracic artery i s  
the ma in  artery in  most cases, but a contributing branch from the thoracoacromial trunk occasionally 
shares codominance, making the muscle nontransferable because of the small size of both vessels .  

• The muscle cannot be used in  adults with highly developed upper torsos. 

19. When does one consider crossover procedures? Why? 
In irrevers ib le  damage to the fac ia l  nerve, other ips i lateral motor nerves are considered as 

donors of  motor fibers, i nc lud ing the hypoglossal ,  spinal accessory, and trigeminal nerves. The 
downside to these donors is  that resulting facial movement is  not coordinated with the normal s ide.  

20. What is the "baby sitter" principle? 
The baby sitter principle uses ipsi lateral cranial nerves to send strong motor fibers quickly to the 

denervated facial  muscles. This technique can stop the denervation clock and maintain the bulk of 
the facial muscle while at the same time the first stage of cross-facial nerve grafting i s  done. Donors 
include the hypoglossal, trigeminal, or spinal accessory nerve. Only 30--40% of the donor nerve i s  
used. Thus, morbidity associated with these transfers is minimal. A t  the second stage, the distal ends 
of the CFNG are coapted to the peripheral branches of the involved facial nerve. The babysitter is 
not severed at this time; instead, i t  is  kept to give additional motor fibers to the affected facial mus
culature. The babysitter serves only to preserve bulk to the facial muscles; the CFNG functions as 
the pacemaker that enables coordinated animation. 

21. What are the advantages and disadvantages of local muscle transfers? 
The masseter and temporalis muscles are the most often used local muscle transfers. They offer 

more expedient return of function (within weeks) and are easier to perform than free muscle transfers. 
The main disadvantage: their function is not synchronized with the function of the contralateral face.  

22. What are the prerequisite criteria for the diagnosis of Miibius syndrome? 
Mobius syndrome is a developmental disorder characterized by bilateral facial paralysis. This 

condit ion usual ly involves the s ixth and seventh cranial nerves. I t  also may involve the third, fifth, 
n inth, and twelfth cranial nerves. Limb abnormali ties occur in 25% of cases, and the pectoral mus
cles are abnormal in 1 5 %  of cases. Occasionally, the paralysis is  un i lateral ,  but such patients s t i l l  
have contralateral involvement of the cranial nerves. 

23. What are the reconstructive goals in a child with Miibius syndrome? 
The reconstructive goals are to provide symmetric and functioning nasolabial folds that may 

mimic a smile. Reconstruction is done in mult iple stages. The first stage focuses on bringing motor 
donors to one side of the face by using the ipsilateral partial spinal accessory nerve and/or branches 
of the trigeminal nerve with or without interposition nerve grafts. The second stage involves provi
sion of muscle targets in the form of a free muscle transplant. These procedures are repeated for the 
contralateral face with the goal of producing symmetric results. The contralateral facial nerve and ip
s i lateral hypoglossal nerve usually cannot be used because they are often absent or abnornrnl .  
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24. Discuss current microsurgical approaches for the paralyzed eye sphincter. 
When reconstructing the eye, the surgeon should determine if the upper l id,  lower l id,  or both 

need to be corrected. If a lower l id ectropion exists, the lower l id needs support. S upport can be pro
vided d1rough a minitendon transfer to the lower l id. The usual donor is  the palmaris longus tendon. 
To restore animation to the upper l id, a gold weight may be considered. The weight allows gravity to 
close the eye when the levator is  relaxed. The gold weight is  indicated in older patients or patients 
who are not amenable to frequent visits for adjustments. I f  the patient is young and cooperative and 
has residual but not normal bl ink reflex, an eyespring is the treatment of choice. Eyesprings can be 
tedious to p lace and invariably need adjustment. The results are superior to gold weights both aes
thetically and functionally. Local and free muscle transplantation in combination with CFNG can re
place the missing eye sphincter and provide coordinated and dynamic eye closure, ut the procedure 
should be left in the hands of an experienced surgeon. 

25. What are the surgical options for correction of uni lateral lower lip palsy? 
Uni lateral lower l ip  paralysis is  a chal lenging problem. If d irect coaptation of the damaged 

mandibular nerve is not an option, other donors must be found. A small segment of the hypoglossal 
nerve can be coapted directly to the damaged distal mandibular nerve. If neural microsurgery is not 
indicated because of the longevity of the palsy, a muscle transfer may be necessary. The most com
monly used muscles are the platysma and the digastric, which are transferred to help with depression 
of the lower l ip .  

26. What are the indications for use of digastric vs. platysma muscle in lower l ip reanimation? 
Because the platysma is innervated by the facial nerve, it gives coordinated depressor function 

when used for reanimation of the lower l ip. When the ipsilateral platysma is absent or paralyzed, the 
digastric muscle may be used in combination with a CFNG. 

27. What outcomes can be obtained with free muscle transfers for long-lasting facial paralysis? 
According to a rev iew by the senior author of I 00 cases of free muscle transplants for facial 

paralysis, 94% of patients had improved results postoperatively. Eighty percent were rated moderate 
or better by an independent panel of four judges that included one doctor, one medical student, one 
photographer, and one journalist. 

Other resul ts showed: 
1 .  Women received higher scores and had a s lightly earlier onset of muscle function than men. 
2. Younger patients had earlier onset of muscle function than older patients. 
3 .  Patients with developmental facial paralysis did better than patients with posttraumatic or in

fectious causes. 
4. Pectoral is  minor transplants recovered function more quickly than graci l is  transplants. 
5. lntraoperative ischemia time did not correlate with onset of muscle function as long as the is

chemia time was kept below 3 hours. 
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44.  AUG M E NTATION MAMMA PLASTY 

Scott L .  Spear, M . D . ,  a nd James Ben Burke, M . D .  

1 .  When was the first augmentation mammaplasty performed? 
In 1 895 Czerny successful ly transplanted a l ipoma from the back to a submamrnary posi t ion. A 

number of materials, including paraffin, glass beads, free fat grafts, free demial grafts, polytetrafluo
roed1ylene, free si l icone oi l ,  and polyvinyl alcohol sponges, have been tried with poor success. The 
modem age of augmentation rnarnmaplasty began with the implant of a s i l icone gel-filled prosthesis 
in 1 962 by Cronin and Gerow. 

2. What are the indications for augmentation mammaplasty? 
The prinlary indication for augmentation mammaplasty is  inadequate volume of the breast, which 

may be eidier developmental or involutionaJ. Augmentation also may be performed for psychological rea
sons, including feelings of inadequacy, low self-esteem, lack of self-confidence, and sexual inhibition. 

3. Does the preoperative shape of the breast affect the resul ts obtained by augmentation 
mammaplasty? 

The width, c leavage, projection, and size of the breast can be manipulated by the dimensions of 
the pocket and die shape of the implant. Ptosis of up to 2-3 cm can be corrected with a subglandular 
or subpectoral p lacement of the implant or by lowering the inframammary fold with submuscular 
placement of the implant. Deformities of the breast may require use of implants f d ifferent s izes 
with or without the addition of mastopexy. 

4. What i ncisions are used in augmentation mammaplasty? Describe their  benefits and 
drawbacks. 

Three incisions are most often used for augmentation mammaplasty. The periareolar i ncision is 
a semicircular incis ion at the border of die nipple-areolar complex. The inframammary incision i s  
located a t  the inframammary fold; it does not extend medially beyond die medial border of the nipple
areolar complex. The axillary incision is located in the hair-bearing region of the axilla. Recently the 
endoscope has been used via the axillary or umbil ical incisions, but this technique is not universally 
performed. Each of these approaches has benefits and drawbacks. Widi die periareolar incision. scar
ring is  usual ly minimal, but diere may be an increased incidence of nipple paresthesia.. The infraniam
mary incision offers excellent exposure but may result in a more noticeable scar. The axi l lary incision 
leaves no scar on the breast but may provide decreased exposure of the operative field. 

5. Which breast implants are currently available? 
Before April 1 992, s i l icone gel-filled implants were the most common implants used for aug

mentation. Subsequently the Food and Drug Administration (FDA) has ruled that s i l icone gel-filled 
implants can be used only for breast reconstruction after cancer ablation surgery and replacement of 
s i l icone gel-fi lled implants in previously augmented patients. At present, saline-filled implants in a 
smooth or textured envelope are available. The shape is either round or contoured; die round implant 
is more commonly used. 

6. Where is the implant placed in  augmentation mammaplasty? 
The implant may be subglandular, submuscular, or subpectoral. The subglandular placement is 

below the breast tissue and above the muscular fascia. The submuscular p lacement is  above the chest 
wal l and below portions of the pectoralis major and minor, serratus anterior, rectus abdomini , and 
external oblique muscles. The subpectoral placement is  above the chest wal l and below the pec
toralis major muscle superiorly and in die subglandular, subfascial, or subcutaneou plane inferiorly. 

7. Should the same technique be used for all patients undergoing augmentation mammaplasty? 
Every surgeon bel ieves that his or her technique is  the best, and to some extent diis is true. S t i l l ,  

a few caveats should be remembered. Ptosis may be better addressed with either a subglandular or 
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subpectoral placement. The implant is general ly more camouflaged with submuscular or subpectoral 
placement. Regardless of the technique, the surgeon should l i sten to what the patient desires; in turn, 
the patient deserves to be well informed about the possible l imitations of the procedure. 

8. What type of anesthesia is used? 
Either general or local anesthesia is  acceptable. The choice depends on the comfort and exper

tise of the surgeon and, most importantly, the desires and expectations of the patient. 

9. Should prophylactic antibiotics be used? 
The incidence of infection in augmentation mammaplasty is  2.2%. Because the implant is a for

eign body, infection can be a catastrophic event requiring its removal. The most commonly isolated 
organism is Staphylococcus epidermidis. Thus, in addition to an adequate skin preparation, 
cephalothin, l gm intravenously, should be administered prior to the skin incision. Postoperatively 
the patient should be given 5-7 days of cephalexin, 500 mg 4 t imes/day. 

10. What are the operative risks? 
A l l  surg ical procedures have inherent risks, including bleeding and infection. Hematoma in 

augementation mammaplasty occurs in 0.5-3.0%; large hematomas require drainage. The reported 
incidence of i nfection is 2 .2%. Nerve injury occurs in approximately 1 5%. Mal position of the im
plant has been reported and is related to improper positioning of the pocket, improper placement of 
the inframammary fold, and scarring. Unsightly scars are reported with both the periareolar and in
framammary incisions. 

1 1 . What is the routine postoperative care after augmentation mammaplasty? 
Postoperative care can be as basic as a simple dressing to the wounds. Wearing of a bra is advo

cated for comfort and support. Molding of the breast also may be accompl i shed with a bra, espe
cial ly for an i nferiorly displaced inframammary fold. An elast ic wrap on the superior pole of the 
breast may be used to keep the implant low in the pocket or to maintain the proper orientation of 
contoured implants. Restriction of activities is dictated by the patient's tolerance of discomfort. 

12. Does augmentation mammaplasty interfere with subsequent breastfeeding? 
No studies have specifically addressed this question. Nonetheless, augmentation should involve 

l i ttle i f  any injury to native breast tissue. Breastfeeding is patient-dependent and should not be con
traindicated in augmented women. 

13. Is there a change in  sensation of the nipple after augmentation mammaplasty? 
The anterior branch of the fourth lateral intercostal nerve provides the main sensory component 

to the nipple-areolar complex. The nerve enters the breast at the chest wal l 1 .5-2.0 cm from the lat
eral edge of the gland. The reported incidence of nerve injury in subglandular placement is  1 5%. The 
major cause of nerve injury is aggressive lateral dissection. With submuscular and subpectoral place
ment, nerve injury is  reported to be less frequent. 

14. What is the classification of capsular contracture? 
Baker presented his classification of capsular contracture in l 975. 
Grade I Soft 
Grade l I  Min imal contracture; implant palpable but not v isible 
Grade I I I  Moderate contracture; implant palpable and discernible 
Grade IV Severe contracture; hard symptomatic breast, sometimes with distortion 
The incidence of encapsulat ion wi th s i l icone gel-fi l led implants is  approx imately 30%; for 

sal ine-fi l led implants i t  is  much lower ( less than 5% of patients). 

15. What is the average increase in  size after augmentation mammaplasty? 
The increase in  size of the breast depends on many factors, including the state of the skin of the 

breast. Small-breasted patients have less available skin, and patients with involutional atrophy have 
more skin, al lowing use of a larger implant. Augmentation can be staged with a smaller implant 
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acting as a t issue expander and larger implant placed later. Other factors include body habitus, breast 
shape and size, and shape of the implant. 

1 6. Is there a risk of rupture of the breast implant? 
All manufactured devices have a finite l i fe expectancy. Patients should be counseled that the 

risk of fai lure of the implant depends on the physical properties of the device and the t ime e lapsed 
since implantation. The risk is  cumulative and spectulated to be approximately 2% per year. Rupture 
of saline-fil led implants has negligible risks other than replacement of the implant. 

17. ls an increased risk of autoimmune disease associated with augmentation mammaplasty? 
In the late 1 980s and early 1 990s there were anecdotal reports of autoimmune disease associ

ated with s i l icone gel-fil led implants in augmented patients. However, recent large controlled cohort 
studies have shown no correlation between sil icone gel-filled implants and an increased risk of au
toimmune diseases. The FDA has mandated that all patients undergoing augmentation mammaplasty 
be followed for potential adverse consequences attributable to the implants. 

18. Is the incidence of cancer increased in patients who have undergone augmentation mam
maplasty? 

In the general popu lation, the risk of breast cancer is  approximately I in  9 women. 
Approximately 2 mi l l ion women are estimated to have undergone augmentation with s i l icone gel
fi l led implants .  Of this subpopulation, i t  i s  anticipated that 200,000 wi l l  develop breast cancer. 
Multiple studies have failed to show any increased induction or increased incidence of breast cancer 
in augmented patients. 

19. ls mammography adversely affected by augmentation mammaplasty? 
The effectiveness of mammography in the augmented breast has been debated for years. 

However, Eklund concluded that compression mammography al lows greater visual ization of  the 
breast t issue. Effective visual ization of the maximal amount of breast tissue with mammography 
may be influenced by various factors, including the radiographic technique, degree of encapsula
t ion,  and p lacement of the implant.  Within these l imits ,  mammography should be used as indi
cated and supplemented by physical examination. 
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4 5 .  REDUCTION MAMMAPLASTY 

Deborah J .  White, M . D , and G .  Patrick Maxwell ,  M . D . 

1. What is the blood supply to the breast? 
The primary blood supply to the breast comes from ( I )  perforating branches of the internal mam

mary artery (60%) ;  (2) branches from the axillary artery (mostly the lateral thoracic artery but also 
pectoral branches and the highest thoracic artery); and (3) lateral branches from the third, fourth, and 
fifth posterior intercostal arteries. Rich anastomoses between these arteries al low survival of the 
breast with varying breast reduction techniques as long as sufficient vessels remain. 
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Thoracoacromial Artery 

Thoracodorsal Artery 

Lateral Thoracic Artery 

Blood supply to the breast. 

2. What is the nerve supply to the breast? Nipple? 

24 1 

Internal Mammary 
Artery 
Perforators 

Sensory innervation to the breast is from ( I )  the supraclavicular nerves from the third and fourth 
branches of the cervical plexus; (2) the anterior cutaneous branches from intercostal nerves 2-6; and 
(3) the anterior branches of the lateral cutaneous nerves 3-6. The lateral cutaneous branch of T4 is 
bel ieved to be the primary innervation to the nipple. 

lntercostal 
Nerves 

Nerve supply to the breast. 

Supraclavicular 
Nerves 

3. What are the most popular techniques in the United States for breast reduction? 
The inferior pedicle and central pedicle techniques enjoy great populari ty. However, other meth

ods are sti l l  in use, and new ones are gaining favor. 
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' ,  c 

Inferior pedicle technique 

4. What are the advantages and disadvantages of the above techniques? 
Both of the above approaches can be used with prefabricated templates or measurements, or 

wi th more freehand "cut-as-you-go" techniques for shaping the skin envelopes. Both a.re relatively 
easy to learn and produce consistent results . They have good safety records and can be used for a 
large range of reductions from small to over 2 kg/side, even in breasts with extremely long pedicles. 
Although they may appear somewhat boxy init ial ly, this problem resolves with time; the shape is 
usually acceptable. Nipple sensation and lactation potential are usually well preserved. 

Disadvantages include large scars that not uncommonly become hypertrophic, a tendency to 
have a wide shape with medial and lateral fullness, and a tendency to "bottom out" with t ime, leav
ing superior pole hollowness and nipples that point up. 

5. Can bottoming out be prevented? 
Possibly. Pennington of Australia described a technique in which the inferior pedicle is  sutured 

at a fixed distance from the inframamma.ry fold. So far this technique has shown good shape mainte
nance without the al l-too-common lengthening of the areola to the inframammary fold. However, 
long-te1m results are not yet avai lable, and historically techniques that rely on sutures to hold tissue 
under tension tend to fail . 

6. What are common indications for breast reduction? 
Physical complaints: shoulder grooving; neck, back, and shoulder pain; mastodynia; macera

t ion and infection of the inframammary regions; neurologic sequelae secondary to neck problems 
(e .g . ,  u lnar nerve impingement); and difficulty in finding clothing that fits and is  attractive. 
Respiratory complaints are not associated with mammary hypertrophy. 

Psychological complain ts: embarrassment, feel ings of physical unattracti eness, se lf-con
sciousness, unwil l ingness to exercise, loss of sexual appeal and femininity. 

7. How are macromastia and virginal hypertrophy different? 
Virginal (or juveni le)  hypertrophy is  a relatively rare condition seen in prepubertal and pubertal 

females. Pathology is l im ited to the breast and leads to b i lateral or uni lateral gigantomast ia .  
Treatment is  surgical, although recurrence is common, and tamoxifen citrate therapy reportedly has 
been successful .  Local hypersensitivity to estrogen has been proposed as  a cause. 

8. At what age should breast reduction be performed? 
Ideally, one should wait for the patient to achieve ful l  breast maturation, generally several years 

after the onset of menstruation. However, if the oversized breasts inte1fere with the patient's activities 
and self-esteem, the procedure may be performed earlier. The patient and her family must understand 
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that the procedure may need to be repeated i f  the breasts continue to grow. They also must understand 
the extent of the sca1Ting and the potential for loss of sensation and loss of the abi l ity to lactate. 

9. What are some of the recent innovations in  breast reduction methods? What are their ad
vantages and disadvantages? 

1 .  Reduction by l iposuction alone (controversial ) .  In patients wi th min imal-to-moderate 
breast hypertrophy, satisfactory breast shape and nipple location, good skin tone, and fatty breasts, 
this alternative can be appealing. Only small scars are produced, and the skin can retract, resul ting in 
a decrease of the sternal notch to nipple distances. It is almost impossible to predict preoperatively 
what percentage of the breast is fat, but older patients tend to have more fat than younger patients. 
Many plastic urgeons bel ieve that fat should not be suctioned from or added to breast tissue because 
of oncologic concerns. Lejour published a study examining the material removed from breasts with 
traditional suction; no glandular t issue was found on pathologic exam. Postoperative mammograms 
have not been shown to have changes that can be confused with mal ignancy. 

2. Reduction using ultrasound-assisted l iposuction (UAL) (even more controversial) .  UAL 
can remove fat from even the most dense breast tissue, but studies have not yet been done with the 
aspirate. Studies from the gynecologic and neurologic l i terature have shown that tumor h istology 
can be performed on u l trasonic aspirate with great accuracy. 

3. Short scar techniques. Marchac and Chiari have shown excellent results with much smaller 
scars i n  the inframammary fold along with attractive breast shapes. 

4. Vertical technique. Popularized by Lejour, this technique has gained popularity because of 
the reduced number of scars and the attractive and long-lasting breast shape. The biggest drawbacks 
are a steep learning curve and an unappealing immediate postoperative appearance that may take 
over 1 month to resolve. 

5 .  Periareolar techniques. These techniques accomplish breast reduction and reshaping via an 
incision around the areola alone. Common problems with periareolar surgery include flattening of 
the breast shape with loss of nipple/areolar projection and widening of the scars and areolae .  
Benel l i  ' s  "round block" technique, in which a permanent pursestring suture is  placed, may prevent 
the scar and areolar spread. Goes of Brazil obtained good projection and shape with the use of a 
Yicryl/polyester mesh between the gland and skin; however, use of this material would be difficult 
for medicolegal reasons i.n the United States. 

10. Is lactation possible after breast reduction? 
Yes, depending on the technique. Obviously, procedures that leave the underly ing g land at

tached to the n ipple (such as the inferior and central pedicle techniques) are much more l ikely to be 
successful at preserving the abil ity to breastfeed. In one study, 1 00% of the women who became 
pregnant after inferior pedicle reductions lactated, although 65% did not breastfeed for various per
sonal reasons. 

11 .  How has the postoperative hospital stay changed over the past 10 years? 
Hospital stay has changed from over 1 week with the pat ient's arms secured to prevent move

ment a few decades ago to overnight or outpatient status. The patient is  al lowed to use her arms cau
tiously. 

12. Is autologous blood donation recommended? 
No. The use of electrocautery, careful hemostasis ,  and epinephrine-containing solutions has 

made the loss of large amounts of blood a rare event. 

13. Are drains necessary? 
Many surgeons use them for several days (unti l  the drainage reaches a certain level ) ,  whereas 

others remove them the next morning and some do not use them at a l l .  No studies have been done. 

14. Are patients satisfied with the results? 
This procedure has excel lent long-term patient satisfaction, despite the scars . In most series, 

over 95% of patients would have the surgery again and would recommend i t  to others. Patients are 
more comfortable buying clothes and exercising and feel better about their self-image. The majority 
of patients report a postoperative decrease in physical symptoms. 
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15. When are free nipple grafts recommended? 
Less and less often. S urgeons have reported success with other reduct ion techn iques w i th 

even massive gigantomastias.  The procedure tends to produce poor nipple projection and sensa
tion and destroys lactation potential but i s  very quick. Elderly patients (w ith no need for lactat ion) 
and patients with medical problems or poor heal th have tradit ional ly been candidates. Pat ients 
with gigantomastia have a greater r isk of n ipple/areolar necrosis (and necrosis of the dista l  pedi
c le) ,  especia l ly  with long pedicles ,  and are also bel ieved to be candidates .  Many bel ieve that a 
better breast shape can be obtained with the free nipple graft technique. Poor n ipple or areolar per
fusion intraoperatively that is unresponsive to other measures is  also an indication for conversion 
to a free n ipple graft. 

16. What is the incidence of occult breast cancer in reduction specimens? 
A large retrospective study of 5008 reductions showed an overall incidence of breast mal ignan

cies to be approximately 0.4%. One-fourth were detected by physical examination before surgery, 
one-fou11h were d iscovered on frozen section of a suspicious area during surgery, and just over one
half were found in routine pathology specimens. It is extremely important to record careful ly the s i te 
from which breast t issue is removed. It is a disaster to receive a report of an occult malignancy and 
not to know from which breast it came. 

17. What are the most common complications from reduction mammaplasty? 
• Asymmetry • Change in nipple/areolar sensation 
• Not enough t issue removed • Infection 
• Too much t issue removed • Partial or total loss of nipple 
• Poor shape • Skin loss or necrosis 
• Poor scarring • Fat necrosis 
• Delayed heal ing at base of T incision 

18. Do nipple grafts regain sensation? Erectile capacity? 
Yes, to varying degrees. Erect i le capacity also may be regained, particularly if the graft is  fairly 

thick and smooth muscle t issue is left behind. 

19. How can nipple viability be determined intraoperatively? 
Pale-skinned women with l ight nipple color usual ly can be evaluated by looking for a healthy 

pink color and by assessment of capi l lary refi l l .  White or dark nipple color indicates poor blood 
supply or venous congestion, respectively. Observing whether the cut edges bleed or poking a large
gauge needle into the tissue and looking for bright red blood also may help. Dark-skinned women 
may present more of a challenge. Visual inspection can be supplemented with fl orescein and/or 
laser Doppler evaluation. Laser Doppler perfusion values that are consistently 1 .0-2.0 ml/min/I 00 
gm indicate marginal perfusion and should be fol lowed closely; values less than 1 .0 ml/min/ 1 00 gm 
are considered to have low perfusion, which needs to be addressed. 

20. What do you do if the nipples look compromised? 
Try releasing some inc isions and checking whether the pedicle is  k inked. l f  the pedicle is not 

twisted and releasing some incis ions revives the nipples, the closure may be too ti" t .  This problem 
can be remedied in some cases by removal of more breast tissue either by an open technique or by l i 
posuction. I f  no maneuvers improve the dire cond it ion of the nipple or i f  the Doppler readings 
remain below l .Oml/min/ I 00 gm, consider conversion to free nipple grafts. There are reports of suc
cessful leech use in the postoperative period. 

2 1 .  What do you do with lateral dog ears? 
The inverted T incision often leaves large lateral dog ears, especia l ly  on heavy women with 

large breasts that  may appear to cont inue back to the scapula. Large incis ions i n  th is  area can be 
d isappoint ing, especia l ly  for the young patient who wishes to wear a bik in i .  Standard methods of  
e l im inating dog  ears at wound ends may  be  used, along w i th attempts to  work the  excess sk in  
med ial ly. Often l i posuction of the  dog ear is  benefic ia l ,  al though i t  may  be d i fficu l t  because of  
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the fibrous nature of the lateral chest. I n  such cases UAL may be extremely efficacious ( contro
vers ia l ) .  Direct excision of the fat may also be used. 

22. What about medial dog ears? 
The inverted T incis ion often leaves medial dog ears on l arge, w ide,  breasts. One genera l ly  

tries to work the excess t issue medially, but i f  th i s  is impossible, i t  is  acceptable in certain cases to 
extend the incis ions across the midl ine and connect them. Again,  l i posuction (SAL or UAL) or 
direct fat excis ion may be usefu l ,  bearing in mind the i ncreased propensity for sternal wounds to 
become hypertrophic.  

23. What would be the ideal breast reduction? 
Attractive shape, preservation of sensation, preservat ion of abi l i ty to breastfeed, long-lasting 

shape, rel iable t i ssue surviva l ,  and min imal scars (the order of i mportance depends on pat ient 
preference). 

CONTROVERSY 

24. Are the patient's chances of developing breast cancer affected by breast reduction'? 
Perhaps. Recent studies suggest that patients with l arge breasts are at an increased risk for 

breast cancer and that breast reduction may decrease this risk ( re lat ive r isk = 0.6-0. 7 compared 
with contro ls ) .  The decreased risk may be due to the removal of potent ia l  foci of breast cancer. 
Another study showed no increased risk of breast cancer with larger breasts unless the pat ient also 
had a positive fami ly  h i s tory or pro l i ferative d isease. In patients with these r isk factors, larger 
breasts were associated with increasing relative risk; 1 .2 ,  1 .4, and 2 . 1 for small, medium, and large 
breasts with prol i ferative disease and 1 .6, 2 .0,  and 2 .7 for small ,  medium, and large breasts and a 
positive fami ly  h istory. 
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Daniel J .  Azurin ,  M . D . ,  Jack Fisher, M . D . ,  and G .  Pa trick Maxwell ,  M . D .  

1 .  What defines a n  aesthetically pleasing breast? 
Opinions about what defines the ideal breast vary greatly among different societies and subcul

tures. The average or normal breast may not coincide with an aesthetically pleasing breast. Further
more, patients occasionally request that you surgically alter their breast into a form at may be both 
unnatural and aesthetically unpleasing. However, certain criteria define the aesthet ical ly pleasing 
breast. Variables of particular importance are position, contour, symmetry, s ize,  and proport ion of 
both the breast mound and nipple-areolar complex. Tactile aspects are as significant as v isual ones, 
including softness, mobi l i ty, and sensibi l i ty. 

2. Describe the form and dimensions of the normal breast. 
The breast is best s i tuated on the anterolateral chest wall with the majority of its mass or ful l 

ness located in the  inferior hemisphere. The l ines of contour should converge smoothly on the  
nipple-areolar complex, which serves as  the focal point of  the breast. The inferior hemisphere should 
have a ful l  convexity spanning from the areola to the inframammary fold (a distance of approxi
mately 5-6 cm from the inferior areolar edge to the inframammary fold), whereas the superior hemi
sphere should possess less volume and have only a subtle, sloping convexity on the lateral v iew 
(spanning a distance of approximately 1 9-2 1 cm from the sternal notch to the n ipple) . A smal l  
amount of ptosis i s  natural and pleasing. The nipple-areolar complex projects s l ightly from the un
derlying breast mound on an incl ined plane. I t  represents the point of maximal projection of the 
breast and is  located s l ightly inferior and lateral (to the midclavicula.r l ine) on the breast mound. As 
breast volume increases, the nipple-areolar complex moves more inferiorly and lateral ly. The diame
ter of the areola should be approximately 35-45 mm, depending on the overal l  size f the breast. The 
size of the breast should be in proportion to the patient's chest, torso, h ips, and buttocks. Ful l  cleav
age, which is desired by many patients, in real ity resul ts only from external forces, such as a 
brassiere. Attempts to create such full c leavage require unacceptable compromise to other aesthetic 
factors of the breast. Despite the fact that true symmetry between both breasts is  rare, symmetry is 
extremely important for a good aesthetic outcome. Preoperative asymmetries must be studied and 
made known to the patient, because often symmetry can be only approached at best; in some cases, 
preexisting asymmetries are even more evident after surgery. 

3. Describe the developmental phases of the breast. 
The breast originates from the ectoderm. The mi lk l ine and subsequent ly  the mi lk  ridge are 

formed at approximately the fifth week of intrauterine l ife. Prior to involution, the mi lk ridge gives 
rise to the ectodermal mi lk  h i l l .  Incomplete involut ion of the mi lk ridge results i supernumerary 
n ipples and accessory breast t issue. The mi lk h i l l  vascularizes and forms the mammary structures. 
After birth, with the withdrawal of maternal steroids and the decline of fetal prolactin, the mammary 
t issues are not al tered again unt i l  adolescence. Under mu l tip le hormonal influences, the breast 
begins to grow and differentiate. During adolescent development there i s  usual ly no breast ptosis. 
Development continues unti l the woman 's maximal he ight i s  attained, typically at the age of 1 6 . 
From th is  point the breast matures as the parenchyma and nipple-areolar complex gravitate inferi
orly and laterally, w i th continued superior hemipshere (upper pole) flattening and sett l ing of the 
breast fullness into the inferior hemisphere. At menopause, the breast undergoes significant glandu
lar involution and a decrease in vascularity. Glandular tissue i s  reduced and fat content is  increased. 
Thus the youthful appearing breast is  ful l  and upl ifted, whereas the aging breast is  flattened and 
ptotic. Breast ptosis, a relentless process, is  a sign of aging. 

4. What are the supporting structures of the breast? 
The skin envelope and fascia! attachments (Cooper's l igaments) are the major upporting struc

tures of the breast. The thickness and quality of the skin brassiere greatly contribute to the support of 
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the breast and, thus,  to breast shape. The quality of skin is  affected by aging, hormonal influences 
(cyclic engorgement), and physical forces, such as gravity and expansible factors (weight gain, preg
nancy, prosthet ic expansion) .  Thin skin with loss of elasticity w i l l  not support the weight of the 
breast, result ing i n  ptosis .  Striae, found typically in the supraareolar and periareolar areas, are the 
resul t  of tears in the dermis and represent thin, inelastic skin. Skin of poor quality may lead to less 
than optimal aesthetic results and earlier recurrence of ptosis. Suspensory l igaments of Cooper are 
connective t issue attachments that run from the deep fascia underly ing the breast through the 
parenchyma and attach to the overlying dermis. Cooper's l igaments provide parenchymal support. 
As with skin, loss of elasticity or attenuation of these l igaments results in ptosis. 

5. What are the characteristics of a ptotic or sagging breast? 
The ptotic breast is  characterized by the inferior-lateral descent of both the glandular breast and 

the nipple-areolar complex. In the early stages of ptosis, the n ipple areolar complex and gland de
scend at the same rate. More advanced stages of breast ptosis, however, are marked by a nipple-are
olar complex descent out of proportion to the glandular descent. Thus the nipple-areolar complex 
assumes a dependent position on the lower pole convexity of the breast rather than the youthful posi
tion at the point of maximal projection higher on the breast mound. As the breast pa.renchyma moves 
downward, the upper hemisphere or pole of the breast becomes flatter with loss of significant breast 
volume. Attentuation of both the skin and Cooper's l igaments results in redundant, loose, and inelas
tic skin with striae; in addition, the breast has a considerable increase of mobi l i ty on the chest wall .  
Furthermore, the tendency toward increased fat content after lactational or menopausal glandular in
volution resul ts in a breast that is  less firm. 

6. What factors contribute to breast ptosis? 
Although hypert.rophic breasts certainly exhibit ptosis, breast ptosis is usually associated with the 

combination of volume loss and compromise of the skin brassiere. Loss of breast volume commonly 
results from significant weight loss, postpartum atrophy, or postmenopausal involution. Gravity exerts 
a continual ptot ic pul l  on the breast, elongating Cooper's l igaments and stretching the skin.  Heavy 
mammary prostheses contribute to ptosis .  The quality of the skin is  influenced by a number of factors, 
such as aging. S imple cycl ic or lactational engorgement, weight gain, and expandable prosthetic de
vices may stretch the skin detrimentally. Thin, inelastic skin creates an ineffective natural brassiere. 

7. Describe the classification system for grading breast ptosis. 
The classification system set forth by Regnault is perhaps the most useful .  This system and simi

lar modifications focus on the position of the nipple-areolar complex relative to the inframammary 
fold and breast mound. The patient should be in an upright standing position. First-degree or minor 
ptosis is defined as location of the nipple-areolar complex at or sl ightly above the inframammary fold 
and above the lower hemispheric convexity of the breast. Second-degree or moderate ptosis is de
fined by descent of the nipple-areolar complex to a position below the inframammary fold, but it is 
situated on the anterior projection of the breast mound. Third-degree or major ptosis is defined by a 
nipple-areolar complex that is not only below the inframammary fold but also on the dependent po
sition of the inferior convexity of the breast mound. In severe forms of third-degree ptosis, the nipple 
points directly downward. ln pseucloptosis, the nipple-areolar complex remains above the infra.mam
mary fold, the breast mound descends below the inframammary fold, and other characteristics of 
breast ptosis are present, such as g landular hypoplasia. Glandular ptosis refers to an otherwise 
normal breast (with the nipple-areolar complex at or above the inframammary fold) except that the 
breast mound or glandular portion has descended below the inframammary fold. The degree of breast 
ptosis is an extremely important consideration in choosing an operative technique for correction. 

8. What are the goals of mastopexy? 
Mastopexy is a surgical procedure that attempts to reverse the nonnal progression of breast ptosis, 

thus restoring the breast to a more youthful form. Indeed, some breasts never enjoy a ful l ,  nonptotic ap
pearance, even in youth. Important in the management of breast ptosis are not only the particular ab
normalities of the patient's breast but also her desires and expectations. The goals of mastopexy are to 
reposition the nipple-areolar complex, to repos ition the breast mound and optimize its contour and 
volume, to remove redundant skin and tighten the skin brassiere, and to provide support for the breast 
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in a lasting manner. Mastopexy techniques, which have paralleled the evolution of breast reduction 
techniques, are also used to treat congenital defonnities (such as tubular breasts), correct asymmen-ies 
(congenital or acquired), and optimize the aesthetic outcome after explantation of augmented breasts. 

9. Are the effects of mastopexy permanent? 
No. As soon as the mastopexy procedure is completed, ptotic forces, such as aging and gravity, 

resume their relentless attack on the breast. 

10. What are the major drawbacks to mastopexy? 
Compared with other aesthetic breast procedures, mastopexy is particularly challenging and full 

of compromise: 
l .  Mastopexy requires that incisions be made directly on the breast. Depending n the degree of 

ptosis and mastopexy technique, the scars may be quite extensive. The patient mu t be w i l l ing to 
accept the extent of scars as a trade-off for a more youthful and aesthetically pleasing breast. 

2. The effects of surgery are only temporary (even though the scars are permanent). 
3. The medium for surgical manipulation most often includes thin, inelastic skin of poor quality 

and involuted breast parenchyma with attenuated internal suppo11 and frequently decreased vascularity. 
4. The inherent upper pole flatness of the ptotic breast cannot be addressed by simple mastopexy 

alone; co1Tection typically requires an implant. 
5 .  Although mastopexy del ivers a more uplifted breast, the necessary repositioning and redraping 

of the breast makes the breast appear smaller. 
6. In addition to nonspecific problems such as tissue loss, hematoma, seroma, and infection, loss 

or alteration of sensibility is  always a possibility. 

1 1 .  What are the advantages and disadvantages of implants after mastopexy? 
The addition of an implant can enhance size and contour. Of interest, an implant also increases 

the longevity of the upl ifting effects of mastopexy and often reduces the length of inci ions needed to 
perform an adequate mastopexy. However, the skin envelope of a ptotic breast may not able to handle 
adequately the weight and possible expansibility of an implant. Fu11hennore, the additi n of  an implant 
brings with it the associated complications and risks of breast prostheses. A tightened breast without an 
implant also loses some projection. 

12. How are scars tolerated on the breast? 
Because scars are probably the greatest drawback to aesthetic breast surgery, there is a constant effo11 

to minimize the length of incisions and to place incisions in hidden areas. Decreasing incision length, 
however, may limit the ability to achieve the optimal aesthetic result. Although periareolar and inn-aa.reo
lar incisions are located on the most prominent and focused position of the breast, the re ultant scars are 
the most predictable and best tolerated. Areolar scars are less likely to become hypertT phic than infra
mammary scars. Areolar scars may stil l be subject to significant widening if placed on tension. In addi
tion, intraareolar scars are unpigmented; therefore, they may be readily apparent on a darkly pigmented 
areola. A median inferior longitudinal (vertical) scar is also generally well tolerated on the breast com
pared with the inframammary horizontal scar. Scars on the thorax are typically unpredictable and often 
unsightly, especially scars that approach or encompass the sternal region, such as an overextended medial 
limb of an inframammary incision. All attempts should be made to keep incisions off the superior hemi
sphere of the breast and the medial lower quadrant, because these areas are often not covered by clothing. 

13. What are the blood supply and innervation to the breast? 
Fan1i liarity with breast anatomy is paramount to achieving optimal results, preserving sensibil ity, 

and avoiding complications, especially in reoperative surgery. The three main routes of arterial blood 
supply to the breast are the internal mammary artery, lateral thoracic artery, and intercostal arteries. The 
dominant supply originates from the internal mammary artery (approximately 60%). a branch of the 
subclavian artery. The internal mammary artery gives off perforat ing vessels that enter the breast ap
proximately 2 cm lateral to the sternal edge. The nipple-areolar complex depends o the underlying 
breast parenchyma and an enhanced subdemial plexus for its blood supply. This dermal blood supply is 
fed chiefly by the lateral thoracic artery with significant contributions from anastomosing internal mam
mary vessels. Postmenopausal (often ptotic) breasts have decreased blood flow. Smoking, diabetes, and 
atherosclerosis also contribute to decreases in blood flow. In reoperative surgery, every attempt must be 
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made to establish the precise nature of previous operat ions. Cutting across a previous flap carries the 
risk of vascular compromise. The innervation to the nipple-areolar complex is primarily from the fourth 
anterolateral intercostal nerve, which travels lateral-to-medial beneath to deep fascia before coursing 
upward through the breast parenchyma to innervate the nipple and areola. The third and fifth anterolat
eral intercostals (along with their medial counterparts) also contribute to the overlapping innervation of 
the n ipple-areolar complex. In evaluating the breast parenchyma from the pectoral is, care must be 
taken not to dissect too far laterally because of the risk of nipple denervation. 

14. What are the pertinent anatomic features in planning a mastopexy procedure? 
Al l  of the fol lowing anatomic features must be examined before undertak ing a mastopexy : 

degree of ptosis and n ipple-areolar posit ion; breast volume; distribution of breast volume; breast 
contour; length, position, and definition of the inframammary fold; lower pole constriction; qual ity 
of the skin; fascia! attachments (breast mobil ity); lateral breast/chest folds; and symmetry. Of these 
features, the degree of breast ptosis predominantly dictates which form of mastopexy is best suited 
to achieve the optimal aesthetic goals. 

15. What are the various surgical options available for treatment of breast ptosis? 
The many techniques for correction of breast ptosis repre ent the broad spectrum in degrees of 

ptosis and underscore the fact that no ideal technique currently exists. Treatment must be individual
ized. In general, the surgical options of mastopexy are categorized by the manner or pattern in which 
redundant skin is  removed or tightened. More accurately, the lax skin i s  usually deepithelialized and 
invaginated rather than actually excised to preserve the subdermal plexus supplying the n ipple-areo
lar complex. The n ipple-areolar complex can be moved and the breast t ightened by partial or ful l  cir
cumareolar skin excisions. For greater degrees of breast ptosis with more skin redundancy, in which 
the nipple-areolar complex must move a further distance, a vertical excisional component i s  added. 
As the degree of ptos i s  increases, a horizontal excisional component (p laced at the inferiormost 
point of  the vertical excis ion) must be added, ul t imate ly resu l t ing in a ful l  inverted T inc is ion .  
Augmentation or various parenchymal flaps, foldovers, and "pexies" are occasional ly  added to the 
mastopexy procedure. The typical surgical options for ptosis correction are augmentation only, c ir
cumareolar mastopexy, c ircumareolar excision with a vertical or oblique excisional component, cir
cumareolar excision with a vert ical excis ional component and a short horizontal extension,  and 
c ircumareolar excis ion with a fu l l  inverted T excisional component. 

Glandular and minor degrees of ptosis may be treated with an implant only or a c ircumareolar skin 
excision (donut mastopexy). Implants should be used to fill the skin envelope volume rather than to 
expand it. Attempting to correct greater degrees of ptosi s  with an implant requ i res the use of large
volume implants that may be aesthetically unpleasing. In addition, the poor-quality skin envelope may 
not be able to tolerate such expansion. Without the necessary skin tightening, the native ptotic breast 
may hang over the less mobile and higher positioned underlying implant. This postoperative contour 
deformity, tenned a "double bubble," is not easily corrected. Donut mastopexies tighten the breast en
velope but do not raise the position of the nipple-areolar complex. In addition, this procedure tends to 
flatten the central breast. If  undue tension is placed on the suture l ine, the scar and/or the areola may 
widen. The addition of a vertical excision below the nipple-areolar complex al lows more tightening 
and greater abi l ity to raise the nipple-areolar complex. For major ptosis, an additional horizontal exci
sional component is often required. If an implant is used, the breast should be augmented before defin
ing the final nipple-areolar complex position because augmentation decreases the amount of ptosis and 
thus changes the optimal position for the nipple-areolar complex. (See figures at top of next page. )  

16. What is a Benelli mastopexy? 
A donut mastopexy refers merely to a concentric skin exc is ion around the areola;  the outer 

dermal c ircumference is reapproximated to the areola. A Bene l l i  mastopexy refers to a method of 
pursestringing the outer dermal c i rcumference with a strong nonresorbable suture.  This maneuver 
e l iminates the tension placed on the areola by a donut mastopexy. The addit ion of the pursestring or 
"round block" overcomes many of the inherent problems of previous forms of concentric mastopex
ies,  thus expanding the i r  i ndications and opt imizing their resul ts .  A Bene l l i  mastopexy, in  the 
strictest sense, also includes a remodel ing of the breast parenchyma by pexying the retroglandular 
surface to underlying periosteum at the aponeurotic prepectoral level in a crisscross fash ion. 
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For minor ptosis, the circumareolar excision with a vertical e l lipse tightens the skin and l ifts the nipple without the 
need for an inframammary incision. This incision can be shortened because the vertical component is used primarily 
to close the defect from the transposed nipple-areola. I t  also tends to shonen with postoperative scar contraction. 
(From Bostwick J :  Aesthetic and Reconstrnctive Breast Surgery. St. Louis, Mosby, 1983, p 234. with permission.) 

For moderate ptosis, the circumareolar excision with a vertical and short horizontal e l l ipse produces a short in
framammary scar and tightens the breast while shortening the inframammary distance. (Modified from Bostwick 
J: Aesthetic and Reconstructive Breast Surgery. St. Louis, Mosby, 1 983, p 235.) 

17. What is tailor-tacking? 
Tai lor-tacking allows the surgeon to view the result before making any incisions. Proposed areas of 

resection or deepithelialization are simply invaginated and the outer edges are tacked 10gether, usual ly 
with staples, to simulate a resection with edge-to-edge closure. When the desired result is achieved, the 
outer edges are marked, the tacks are released, and all areas within the marks are ident" ed for removal. 
This method is particularly useful for determining the correct position for the n ipple-areolar complex. 

18. What is meant by a constricted breast or inferior-pole hyperplasia? 
In  a constricted breast the inframammary fold i s  tight and elevated. Because of a deficiency of 

lower pole skin and breast t issue, the distance between the lower edge of the areola and the i nfra
mammary fold is short. As a result, the upper pole rotates over the h igh, tight infrarnammary fold. 
The appearance suggests constriction and ptosis. The ptosis is  not related to an inferiorly descended 
nipple-areolar complex, but rather to a higher inframammary fold and inferior breast hypoplasia. 
Correction includes releasing and lowering the fold, along with radial releases inferiorly and expan
sion inferiorly. Severe constriction is  represented by the tubular breast. 

19. What are the common complications of mastopexy? 
Complications common to mastopexy are recurrent ptosis, nipple-areolar complex asymmetry, 

breast asymmetries, upper pole flattening, poor scaiTing, and nipple-areolar necrosis. Most complica
tions are the result of poor planning . Nipple-areolar complexes that are malpositioned superiorly are 
particularly troublesome, because it is usually necessary to place scars on the superior hemisphere to 
lower the nipple-ai·eolai· complex. 
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4 7 .  D I S EAS ES O F  TH E BREAST 

Kirby I .  Bland,  M D ,  FAC.S . ,  and Daniel S .  Kim, M . D .  

l .  What is the incidence, risk probability, and mortality for breast cancer? 
The 1 997 estimated incidence for female breast cancer is  1 80,200 with a I in 8 l ifetime proba

b i l ity of developing invasive cancer. It is the most common cancer in women. The estimated mortal
i ty for 1 997 is  43,900, which is  second only to lung cancer. 

2. Which factors increase the risk of breast cancer? 
Major risk factors include advanced age, family history, personal history, ductal carcinoma in situ 

(DCIS) or lobular carcinoma in situ (LC!S), benign atypical prol iferation, and first pregnancy at 2". 40 
years of age. M inor risk factors include early menarche, late menopause, obesi ty, and nul l iparity. 

3. Can breast cancer be inherited? What is the risk of developing breast cancer with a 
BRCA 1/BRCA2 mutation? 

Breast cancer is bel ieved to be hereditary in 4-9% of all cases. One in 200-400 women a.re carriers 

of the BRCA J mutation. Estimated l i fetime risk of breast cancer is 85% for mutations on BRCA J and 2. 

4. What is DCIS? Is it a precancerous state? What is the risk of invasive cancer? What is the 
treatment? What about LCIS? 

DCIS is  ductal carcinoma in situ and i s  a precursor of invasive cancer. The risk for developing 
invasive cancer is  considered to be in the range of 30-50% over I 0 years. The gold standard treat
ment is  total mastectomy. Because of the success in using conservation therapy for invasive cancer, 
this treatment is being applied to DCIS. National Surgical Adjuvant Breast and Bowel Project- 1 7  
(NSABP- J  7) is  examining lumpectomy versus lumpectomy and radiation therapy. Early data reveal 
a s ignificant decrease in event-free survival and invasive cancer with rad iation therapy. However, 
there is no change in overall survival and distant disease. 

LCIS is lobular carcinoma in situ and is a marker rather than a precursor for invasive cancer. I t  
carries a J 0-37% risk of breast cancer, most incidences occurring more than 1 5  years later. Fifty to 
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sixty-five percent of the invasive cancers are not lobular but ductal in origin and can occur in either 
or both breasts. If operative intervention is chosen, anything less than total mastectomy is inappro
priate because the disease process is  multicentric and often bi lateral. 

5. When should a woman begin mammographic screening? Has mammography made a 
d i fference? 

The American Cancer Society recommends annual mammography for women beginning at age 
40. The Hospital Insurance Projecl (H IP) study demonstrated a 33% mortality reduction with mam
mographic screen ing. Screening in the group aged 40-49 years has been controversia l .  A meta
analysis of eight randomized c l in ical trials of mammography screening reveals an 1 8% mortal i ty 
reduction in women aged 40-49 years. Seven of the trials were populat ion-based and a meta-analy
sis of these showed a 26% reduction in this age group. Swedish trials have yielded even higher mor
tality reductions of up to 44%. 

6. What features make a mammographic lesion suspicious for malignancy? D all lesions re
quire biopsy? 

Suspicious lesions consist of fine m icrocalcifications and/or density lesions sue as masses, ar
ch itectural distort ions, and asymmetries. M icrocalcifications that are fine, branching, c l ustered, 
pleomorphic, and numerous are most suspicious. Masses that are stel late and in-egular are also most 
suspicious. The combination of such masses with microcalcifications gives the h ighe t yield for ma
l ignancy. Any suspicious lesions should be biopsied with needle localization or stereotactic core 
needle biopsy if avai lable. Lesions deemed less suspicious by the surgeon and radiologist  may be 
followed closely by mammography. 

7. Is there a role for fine-needle (FNA) aspiration for palpable breast masses? ls there a role 
for mammography? 

Yes.  FNA is an inexpensive, quick, and easy technique to differentiate solid from cystic masses 
with low morbidity. If nonbloody fluid is  obtained and the mass disappears, the patient may be fol
lowed closely by physical exam and mammography. If the flu id is bloody or the mass persi sts or 
recurs after two aspirations, the patient should undergo open biopsy. The fluid should also be sent 
for cytologic evaluation. If no flu id is found, the mass is assumed to be solid and the patient should 
undergo outpatient open biopsy. I f  the cytology is positive, the patient may undergo a one-step pro
cedure including open biopsy and frozen section confirmation prior to conservation therapy or mas
tectomy. However, a two-step approach is  preferred. 

Mammography should be obtained in al l  women over 30 years of age with a palpable breast 
mass. The combination of physical examination, mammography, and FNA yields a diagnostic accu
racy approaching l 00%. 

8. What is conservation therapy'? 
Conservation therapy includes lumpectomy, axillary lymph node dissection (ALND), and ipsi

lateral breast irradiation. The lumpectomy should have free margins, often requiring re-excision. If 
the disease is  multicentric, total mastectomy is appropriate. ALND should include at least 1 0  lymph 
nodes for adequate sampling.  Usually only level I and I I  nodes are excised. 

9. Name the borders of the axilla. 
• Anterior wal l :  pectoralis major, subclavius, and pectoralis minor muscles and clavipectoral fascia 
• Posterior wal l :  subscapularis, latissimus dorsi, and teres major muscles 
• Medial wal l :  upper 4 or 5 ribs and the intercostal spaces covered by the sen-atus anterior muscle 
• Lateral wal l :  coracobrachial is and biceps muscles 

10. Which nerves can be identified during an ALND? What is their role? 
The i ntercostobrachial nerve supplies sensory innervation to !he upper medial aspect of the 

arm and is  preserved i f  possible. 
The long thoracic nerve, respiratory nerve of Beu, originates from roots CS, C6, and C7 of the 

brachia !  plexus and provides motor stimu lat ion to the serratus anterior muscle .  Ir usual ly can be 
found adjacent to the lateral thoracic artery 's origin and runs along the serratus anterior. Transection 
results in a "winged scapula." 
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The thoracodorsal nerve originates from the posterior cord of the  brachia!  plexus and can usu
ally be found posterior to the origin of the subscapular vessels .  I t  provides motor innervation to the 
latissimus dorsi muscle and should be preserved unless i t  is encased in tumor. There i s  minimal mor
bidity associated with its transection as compared with the long thoracic nerve. However, for myocu
taneous flaps that ut i l ize the latissimus dorsi muscle, the thoracodorsal neurovascular bundle must 
be spared to ensure flap function, form, and viabi l i ty. 

The medial pectoral nerve supplies motor innervation to the pectoralis major muscle and 40% of 
the time it wraps around the lateral border of the pectoral is minor muscle. This nerve should be spared. 

1 1. What are the dissection boundaries of a mastectomy? 
The skin flaps are raised superiorly to the c lavicle, medial ly to the sternum, inferiorly to the 

rectus sheath, and laterally to the latissimus dorsi muscle. 

12. How does tamoxifen work'? Who may benefit from tamoxifen? 
Tamoxifen's mechanisms of action have not been fully elucidated; however, its primary action is 

mediated through i ts antiestrogen effect .  Tamoxifen provides significant prolongation of both recur
rence-free and overall survival in both node-negative and node-positive patients. The benefit is greater 
for women aged 50 and older. It is also more beneficial when the tumor is estrogen receptor-positive. 

13. Does chemotherapy have a beneficial effect? 
Chemotherapy has a benefic ial effect both on disease-free survival and overall survival .  Both 

node posit ive and negative patients and women under 50 receive a greater benefit .  Combinat ion 
chemotherapy i s  superior to single agents and CMF (cyclophosphamide, methotrexate, and 5-fluo
rourac i l )  is probably the combination of choice. Newer combinat ions, part icu larly for more ad
vanced disease, include doxorubicin. 

14. What are the most common areas of recurrence? 
Local ly, breast cancer recurs in the breast and regional lymph nodes. Distant metastases can 

affect almost any site. The most common are lung, l iver, and bone and, less commonly, the gastroin
testinal tract, adrenals, brain, and soft tissues. 

15. What is the 5-year survival rate according to AJCC (American Joint Committee on Cancer) 
staging? 

Stage I, 85%; stage I I ,  66%; stage I I I ,  41 %; and stage IV, I 0%. 

16. What is the most common solid breast mass in women under 30? Does this lesion have ma
lignant potential? 

The most common solid breast mass in this age group is  a fibroadenoma, a benign tumor com
posed of both stromal and epithel ia l  elements. Women may be managed with FNA and observation 
or excisional biopsy, depending on the patient's age. 

17. What are the most common organisms cultured from nipple discharge in a woman with a 
breast abscess? What is the treatment? 

Staphylococcus aureus and streptococci. Most abscesses are subareolar and occur within the first 
few days of breast-feeding. Treatment is conservative and combines broad-spectrum antibiotics, warm 
soaks, and a mechan ical breast pump. More serious infections may require intravenous antibiotics 
and incis ion and drainage. The incisions should be small and c ircumareolar for optimal cosmesis. 

18. A woman presents with diffuse, bilateral breast pain associated with her menstrual cycle. 
Palpation reveals multiple nodular irregularities. What is the disorder? ls it premalignant? 

Fibrocystic disorder. I t  is  not a premal ignant state unless it is associated with atypia. Thirty per
cent of fibrocystic change is prol i ferative with cel lu lar atypia. If there is a dominant mass, it should 
be aspirated and treated l ike any other suspicious cyst or mass. 
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48.  BREAST RECO N STRUCTION 

Kenneth C .  Shestak ,  M .D . ,  F.A.C .S , Jeffrey W.  Szem ,  M . D . ,  
David D .  Zabel, M D , and Chet L .  Nasta/a ,  M . D . 

1 .  Is there evidence that breast reconstruction adversely affects d isease-free survival? 
Current studies have repeatedly demonstrated that the risks of local recurrence a d development 

of a second breast cancer are s imilar in patients undergoing breast reconstruction and patients under
going mastectomy alone. In fact, a trend toward a decrease in the death rate and rate of distant metas
tasis is seen in the breast reconstruction group in some studies. 

2. Is skin-sparing mastectomy oncologically sound? 
When perfom1ed properly, skin-sparing mastectomy does not increase the risk of local or distant 

recurrence. In one study involving over 1 00 patients with T l  and T2 breast cancer, o difference in 
recurrence rates was seen in the group undergoing skin-sparing mastectomy. 

3. Are there significant differences in immediate and delayed breast reconstruction? 
Immediate reconstruction offers many advantages compared with delayed recot truction. A su

perior cosmetic resul t  can general ly be achieved while reducing the cost and anesthetic risk for a 
two-stage procedure. The previously perceived need to l ive with a postrnastectomy defect before re
construction has been chal lenged by the current belief that a more positive body image can be main
tained with a breast mound that is reconstructed immediately. Delayed procedures in Ive recreation 
of the previous defect, often associated with significant scar tissue. In addition, previously dissected 
pedicles make such surgery more challenging. Di fficulties with native skin loss of the mastectomy 
flaps can be overcome by careful dissection, c l in ical examination, and use of fluorescein to assess 
skin v iabil ity. Simultaneous ablation and breast reconstruction have made immediate reconstruction 
safer and improved the overall aesthetic outcome. 

4. Is the goal of symmetry more easily achieved with implants or autogenous reconstruction? 
In reconstructing one breast after mastectomy, the goal of symmetry may be quite chal lenging. 

Submuscular implant reconstruction may be ideal for a patient with small to moderate-sized breasts. 
Implant s izes in th is  i nstance typical ly range from 200-400 cc. In uni lateral reconstruction with 
larger breasts, particularly with increasing ptosis, symmetry can be better achieved i th autogenous 
tissue. When autogenous tissue reconstruction is  contraindicated, better ymmetry may be ach ieved 
with implant reconstruction and simultaneous reduction mammaplasty, mastopexy, or even augmen
tation of the contralateral breast. 
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5. What is the best method to create a breast mound with ptosis? 
Preserving superior and medial fullness by correct inset of the TRAM flap into the mastectomy 

defect creates a more aesthetic breast mound. Accurate determination of the weight and skin dimen
sions of the mastectomy specimen is  critical to reconstructing the aesthetic contour. Recreating the 
inframammary fold with sutures and preserving the majority of the fol d  when a pedicled TRAM is 
used are maneuvers to recreate ptosis .  

6. What is the major complication of implant reconstruction without previous tissue expanders? 
The incidence of capsular contracture wi th poor aesthetic resul t  is  h igh.  Loss of implant may 

resul t  from breakdown of the incis ion, loss of native t issue flaps, or i nfection when an i mplant i s  
used for immediate reconstruction. Increased tension o n  native skin flaps and decreased perfusion to 
the wound margin may occur i n  an effort to maximize implant volume. A safer approach is  tissue ex
pander placement at low volume fol lowed by expansion. Of particular concern is the use of implant 
reconstruction in  the previously irradiated breast. The incidence of capsular contracture, exposure, 
and loss of implant is  increased. 

7. What are the major indications for tissue expansion? 
Postmastectomy defects leading to loss of breast volume and reduction of the skin envelope 

may be adequately corrected by insertion and inflation of t issue expanders. A lthough autogenous 
t issue reconstruct ion may provide better symmetry, in  some circumstances t i ssue expansion with 
subsequent implant p lacement i s  a better alternative. Examples include patients who do not wish to 
undergo a flap reconstruction, thin patients without excessive tissue readi ly available for transfer, pa
tients in whom flap reconstruction is not possible for technical reasons, and patients who are elderly 
and have comorbicl medical i l lness. 

8. What are the major advantages of tissue expansion? 
Tissue expansion breast reconstruction uses local t issue that has the advantage of providing su

perior texture and color match comparable to that of the contralateral breast. The sensation in the 
native breast skin flaps is  also preserved. S ignificant donor site scars, often seen with autogenous re
construction, may be avoided with this technique. 

9. What are the most common complications of tissue expansion? Is there a difference be
tween immediate and delayed tissue-expanded breast reconstruction? 

Compl ications of t i ssue expansion reconstruction are a function of the wound, the device, the 
process of expansion and the qual i ty of tissue cover at the site of the mastectomy. Wound complica
t ions of hematoma, seroma, and infection may occur. Skjn necrosis and wound breakdown are ap
preciated more frequently after mastectomy secondary to pressure appl ied to the skin flaps. They 
also may result more often in immediate reconstruction, whereas in delayed reconstruction the flaps 
have more t ime to mature. Compl ications from the device are usual ly clue to failure from leakage, 
which may occur secondary to structural fai l ure or damage of the implant from needle punctures at 
the time of  suturing or periodic refi l l i ng.  I ncreasingly recognized is  the effect of the expansion 
process in producing subcutaneous adipose t issue and muscle atrophy. Complications during the 
process of expansion are related to skin necrosis and breakdown with exposure of the device from 
too rapid fi l l ing. This may represent one of the critical complications of t issue expansion requiring 
secondary operations to cover the device with local flaps and/or to remove it .  

1 0. What are the differences between smooth wall tissue expanders and textured dimensional 
based devices? 

Smooth surface expanders have a tendency to move and usually create a spherical periprosthetic 
space. Dimensional devices, which are textured, are shaped to approximate breast form and are de
signed to create a breast that dimensionally simulates the remaining breast. Al l  implantable materials 
elicit a host cell response leading to a fibrous scar or capsule. Textured expanders allow ingrowth of 
collagen from the periprosthetic capsule, which assists i n  fix ing an implant 's  posi tion.  These tex
tured devices theoretically divert the l inear deposition of scar along its surface in attempts at l imi ting 
scar contraction around the device. Implant and expander fixation may provide improved definition 
of the i nframammary fold and better breast shape in the upright position. 
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11 .  What is the cause of  skin wrinkling or rippling after implant reconstruction? 
Superior pole wrinkl ing is seen more commonly with saline implants than with s i l icone gel 

prostheses. These defects may represent underfi l l ing of the device with sal i ne volume and resul t  
from the ubiquitous gravitational forces that pull  the implant inferiorly, leaving wave or folds i n  the 
upper pole of the implant that can be transmitted through the overlying tissues at the mastectomy 
site. Rippl ing is  also related to the textured surface, which produces a thinner capsule and also may 
produce traction on the overlying tissues, resulting in so-called traction rippl ing. 

12.  What is the frequency of implant rupture? 
Current studies indicate that the rate of rupture for si l icone gel implants approxi ates 50% with 

follow-up of more than LO years after insertion. Although similar studies for saline devices have only 
a 5-year fol low-up and show a l % per year cumulative rupture rate, deflation of sal i ne implants from 
studies during the early 1 990s has shown such rates to be 5- 1 5%. Mechanical fai lure and deflation 
have been attributed to "fold-flaw" cracking. It is  possible that subpectoral posit ioning of the im
plant may decrease the rate of  this fatigue phenomenon; muscle pressure prevents creasing of the 
implant and failure at the seams. 

13. Can tissue expansion be accomplished in an irradiated tissue bed? 
Radiation to the postmastectomy area should be considered a relatively so·ong contraindication 

to tissue expansion. Expansion results in application of force to the overlying t issue as the expander 
is  inflated, subjecting the skin flaps to periods of relative ischemia that may lead to necrosis and ex
posure of the implant. Tissue expansion in this setting is  characteristically much slower and has a 
high incidence of capsular contracture after completion of the breast reconstruction process. 

14. What is a TRAM flap? What are the main variations for breast reconstruction after 
mastectomy? 

TRAM stands for transverse rectus abdominis myocutaneous flap. I t  is  a technique of autoge
nous tissue reconstruction of the breast mound using the rectus abdominis muscle and overlying skin 
and fat. As originally described, the rectus muscle is  dissected carefu l ly  with maintenance of  the 
continuity between the anterior rectus fascia and the overlying subcutaneous fat and skin. The my
ocutaneous composite is  then tunneled through the epigastric subcutaneous tissue to the location of 
the mastectomy defect. The procedure may be performed as a unipedicled flap with the blood supply 
based on the superior epigaso·ic artery and vein or as a bipedicled flap using both rectus muscles to 
support a larger amount of skin and fat for creation of a larger breast mound with a more vigorous 
blood supply. The TRAM flap also may be performed as a microvascular free flap u ing the inferior 
epigastric vessels to provide vascular supply. 

15. What comorbid conditions should be considered in patient selection for TRAM flap recon
struction? 

The patients at highest risk for complications include severely obese patients, chr nic smokers, pa
tients with abdominal wall scars from antecedent procedures, and patients who have undergone previ
ous radiation therapy. Autoimmune disease, diabetes mellitus, chronic obstrnctive pulmonary disease, 
and heart disease also increase the chance of perioperative surgical complications. The e factors are not 
contraindications per se, but must be careful ly considered in the decision to perfonn a TRAM flap re
conso·uction and may alter the technique selected for flap transfer (pedicled vs. free flap). 

16. What measures can be undertaken to increase the blood supply of a pedicled TRAM flap? 
l .  Delay. Two weeks before the perfomrnnce of the muscle transposition, the deep inferior epi

gastric artery and vein may be l igated in an effort to bolster the blood supply to the more inferior as
pects of the muscle and the overlying skin and subcutaneous fat. 

2. Supercharging. The inferior epigastric vessels are anastamosed to the thoracodorsal vessels. 
Such a maneuver provides a second blood supply to the inferior aspect of the flap, the area in which 
the perforators to the skin and subcutaneous fat are located. 

17. What are the main recipient vessels for a free TRAM flap? 
The thoracodorsal vessels  are the recipient vessels of choice. This is important f r the general sur

geon to understand so that these vessels are not injured during mastectomy and axil la1y dissection. The 
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preferred position of the anastamosis is the point just  proximal to the take-off of the senatus branch. If 
the thoracodorsal vessels are not avai lable, the internal mammary vessels are a good second choice. 

18. What common complications are specific to TRAM flaps? 
Fat necrosis is the most common complication. Its incidence has been reduced by performance 

of free TRAM reconstructions. Part ial flap loss occurs more commonly than total flap loss. Skin en
velope complications a lso may occur. In the setting of immediate reconstruction, the use of intra
venous fluorescein and a Wood's lamp may help to avoid leaving behind a compromised mastectomy 
flap, thereby reducing the chance of native breast flap necrosis. Abdominal hernias occur at varying 
rates, depending on methods of closure and patient selection. Wound complications such as infection 
and dehiscence occur w ith an incidence s imi lar to other plastic surgical operations. Of course, size 
mismatch, poor aesthetic result, and need for revis ion surgery are also considered complications. 

19. Are there any absolute contraindications to TRAM flap reconstruction? 
Prior abdominoplasty divides the perforator vessels to the central abdominal skin and is  a con

traindication, although case reports have demonstrated the success of the TRAM flap if the skin and 
adipose t issue are revascularized by using the omentum as an angioneogenic substrate. Previous sub
costal inc is ions dividing the superior epigastric pedicle or laparoscopic ports through the muscle 
should  raise suspicion that blood supply may be inadequate. I n  this instance, preparation for super
charging or free microvascular tissue transfer may be required. 

20. What are the most common alternatives to breast reconstruction if the TRAM flap is not 
available? 

Alternative s i tes for autogenous reconstruction include the gluteal flap, lat issimus flap, lateral 
thigh flap, and Rubens flap. Donor site deformity, availabi l i ty of donor t issue, difficulty of the tech
n ique, the surgeon 's experience, and the abil ity to create a new breast mound are important factors 
that influence choice. 

21. Describe the vascular anatomy of the Rubens flap. 
This peri i liac fat pad is commonly seen in subjects of the famous Renaissance painter. Based on the 

deep circumflex i liac aitery and vein, this flap may be an appropriate alternative to TRAM reconstruction. 

22. Can breast reconstruction be performed using the latissimus dorsi muscle without an 
implant? 

Entirely autogenous breast reconstruction can be performed by enlarging the skin paddle overly
ing the latissimus muscle in a fleur-de-lis pattern or by including greater amounts of fat and fascia with 
a standard e l l iptical skin paddle. I n  larger women with redundant tissue in the flank, more adipose 
tissue may be available. Matching a large breast is difficult , ai1d the donor s i te may present a s ignifi
cant cosmetic deformity. The volume of the transferred t issue can be increased by including the 
parascapular dorsal thoracic fascia suppl ied by perforators anterior to the latissimus muscle. Small  
to moderate-sized breasts may be appropriately matched without an implant. 

23. How do you determine whether the thoracodorsal pedicle is l ikely to be i ntact in  the set
ting of a previous modified radical mastectomy? 

Have the patient stand with her hands on her i li ac crests and elbows forward. The l at iss imus 
dorsi  contraction can be palpated along the ax i l l ary l ine.  Paralysis ,  s ignificant weakness of the 
muscle, or scapular winging is an indication that the pedicle has most l ikely been previously divided. 

24. Can the latissimus dorsi flap be used if the thoracodorsal pedicle has been divided? 
Often the thoracodorsal pedicle is  divided proximal to the serratus branch. A reversal of flow in 

the serratus branch allows the latissimus dorsi to remain vascularized. I n  this setting, however, a de
crease in the length of the pedicle wi l l  decrease the arc of rotation of the latissimus flap. 

25. Are there significant differences in  the cost of implant-based reconstruction vs. autoge
nous tissue breast reconstruction? 

S urprisingly, the in it ial cost advantage of implant-based reconstruction is  lost when corrected 
for unsuccessful reconstruct ion and the costs of subsequent surgery are included. Autogenous 
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breast reconstruction i s  more cost-effective, when al l  resources are considered, than reconstruction 
with prosthetic implants. 
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49.  N IPPLE--AREOLA RECO N STRUCTION 

John William Li t tle, M D , FAC.S .  

1 .  Should n ipple-areola reconstruction b e  an i ntegral part o f  breast reconstruction or  an  
added option for certain patients? 

It should be an i ntegral part of the overall surgical plan for every breast reconstruction. U nt i l  a 
realist ic n ipple-areola has been added, a breast has not been reconstructed-only a breast mound. 
One of the key psychological benefits of breast reconstruction is  rel ief from the dai l y  reminder of 
mastectomy and its mortal implications. The more realistic the reconstruction, the more l ikely the 
relief. Nipple-areola reconstruction contributes greatly to such real ism. I n  truth, i f  the majority of a 
surgeon's patients do not elect n ipple-areola reconsu·uction, the results of the brea t-mound recon
struction are probably not very good. A previous study confirms a high correlation between the pres
ence of a nipple-areola and the patient's overall satisfaction with breast reconstruction to a level that 
is  statistically highly significant. In addition, the morbidity for the procedure is  negl igible. 

2. Should n ipple-areola reconstruction be performed at a second stage after primary recon
struction of the mound? 

Generally, yes, i f  there is reasonable symmetry between the breasts at the second stage. If  significant 
additional work wil l  be required on the breast mound or the cont:ralateral breast to improve symmetry at 
the second stage, the nipple-areola reconstruction should be postponed to a third stage, when proper posi
tion can be more precisely determined. In such circumstances the nipple-areola is typically added in an 
office setting with local anesthesia alone and no additional medication. There is l i ttle justification for 
nipple reconstruction at the time of the initial breast mound reconstruction because exact positioning be
comes very difficult. Furthermore, single-stage breast reconstruction creates an unrealistic expectation on 
the patt of the patient and a difficult burden for any surgeon who is critical of the final result .  
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3.  Is banking of the nipple-areola in the groin area an appropriate alternative to reconstruc
tion if the primary cancer is located away from the nipple-areola? 

No. Such banking cannot be just i fied on an oncologic basis in the presence of an i nvasive 
cancer. Studies in  the Scandinavian l i teranire have revealed breast cancer cells in the areola, not to 
mention nipple, of specimens in which the primary cancer was at a s ignificant distance from the 
nipple-areola. Furthermore, the cosmetic outcome of such twice-transferred composite grafts is infe
rior to what can be produced de novo. 

4. Do options for nipple reconstruction include composite grafts from the toe or earlobe? 
No. Such grafts are woefu l ly  inadequate for the purpose of n ipple reconstruction. The only 

graft ing source that is  effective remains a composite graft from the opposite nipple. Although this 
technique continues to be used by many surgeons, the overall price is  a reduced and scarred opposite 
n ipple in a woman who has already suffered the sensory and psychological assault  of mastectomy. 
Assuming that the sharing technique results in two nipples of equal size, the final projection of the 
nipple pair w i l l  be less than one-half of what could have been achieved if  the remaining n ipple had 
been respected and matched by existing techniques. 

5. What is the treatment of choice for nipple reconstruction? 
Local nap. Virtually any opposite nipple can be matched by a local flap technique with a mini

mum of morbidity and distortion at the donor site i f  the proper technique i s  selected. 

6. Is the best way to determine nipple-areola position by measurement from the other side? 
Only in part. Such measurements should be made, but they are only the initial step in determining 

the proper final position. Measurements should be taken of the transverse m idsternal l ine-to-nipple 
distance as well as the sternal notch-to-nipple distance. Then the appropriate-sized areola should be 
sketched around the i ntersection s ite. The surgeon-sc ientist must then become surgeon-artist and 
stand back to observe the overall impact of symmetry. Because of inherent asymmetries in nearly al l  
final results in breast mound reconstruction, the best final posit ion may well fall somewhat off the 
precise mathematic detennination. The final position is an artistic compromise among various factors. 

7. Are flap techniques for nipple reconstruction interchangeable and merely a matter of the 
surgeon's preference? 

No. Some are inherently unsound in design and are not sufficiently reliable to be recommended. 
Others present a strict l imitation to the amount of final projection. 

8. What type of nipple reconstruction is inherently unreliable? 
Reconstruction based on a central subcutaneous pedicle without dermal continuity, such as the 

quadrapod design. Although such techniques may give impressive results in the operating room and 
immediate postoperative period, long-term projection is  unreliable; far too many results suffer late 
loss of projection. 

9. Do the best designs in nipple reconstruction allow closure of the donor site, avoiding the 
need for grafting? 

No. Such designs, which include the double opposing nap and the star flap, may be excellent 
for matching small  or moderate-sized nipples but prove general ly  inadequate for larger nipples.  
Donor-site c losure l imi ts the amount of possible projection in designs that attempt to match oppo
si te large n ipples. 

10. Is the skate flap the best design to use for matching an opposite large nipple? 
Yes.  The technique can be executed both with or w ithout a skin graft; when large dimensions 

are required, however, a skin graft invariably i s  required. An opposite nipple of v irtually any size can 
be matched with this technique with proper preoperative planning (see figure on next page). 

1 1 .  Is there a disadvantage to the use of a skin graft in  the final outcome of the nipple-areola? 
No, as long as the area of graft fa l l s  within the pattern of the final areola. Ful l-thickness skin 

grafts placed on an appropriate deep dermal bed are far preferable in the overall outcome of n ipple
areola reconstruction than spread scars that follow primary closure under tension. 
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N ipple-Areola Reconstruction 

Nipple reconstruction using a skate flap. A-D 
demonstrate flap design and elevation (D = 

nipple diameter. H = height of opposite nipple 
when erect). E-J demonstrate donor site clo
sure with a skin graft; E 1-.11 demonstrate 
donor site closure without a skin grafr. K dem
onstrates nipple-areola tano ing. (From Lill ie 
JW: Nipple-areolar reconstruction. l n  Cohen M 
(ed): Mastery of Surgery: Plastic and Recon
structive Surgery, vol 2. Boston, Lillie, Brown, 
1 994, p 1 345, with pennissi n.)  

1 2. Can subsequent intradermal tattoo hide spread donor-site scars after nipple reconstruction? 
No. Spread scars present poor beds for the rece ipt of intradermal tattoo pigments and mar the 

final result. Well-healed full-thickness skin grafts, on the other hand, accept such pigments as well as 
surrounding native t issues and are not discernible within the pattern of the final are la. 

13. What are the other disadvantages to spread scars after primary closure of nipple donor sites? 
Final increased surface tension at the site of nipple reconstruction favors late I s of nipple pro

jection for reasons not yet elucidated. Furthermore, tension at the s i te of nipple reconstruction flat
tens the aspect of the breast si lhouette where maximal convexity is desired. Donor-site closure under 
tension is wrong-minded. Three strikes-you 're out ! 
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1 4 .  In using a local flap to reconstruct t h e  missing n ipple, should t h e  d imensions of the 
planned nipple match those of the opposite nipple? 

No. The dimensions of the reconstructed nipple should match only the diameter of the opposite 
nipple. N ipple height should  be at least twice that of the opposite stimulated n ipple. Partial loss of 
projection i s  inherent in  any design for nipple reconstruction and must be factored into the final result .  

15.  Are some nipples too large to match by nipple reconstruction? 
No. The skate technique with skin graft can match virtually any nipple s ize if the appropriate di

mensions are used in the preoperative plan. Early in  h is  experience with the skate technique, the 
author documented many late resul ts exceeding 2 and 3 cm of final projection. Al l  of these cases re
quired drastic reduction. A final result in nipple reconstruction that does not match the other side in 
projection typically represents an error in planning, with an inadequate init ial design. Errors in exe
cution or inherent local ischemia at the donor site are far less common causes. 

16. Does raising the skate flap with full-thickness wings produce a better overall result? 
No, not when a large nipple is  being matched and a skin graft is  required. Even a small amount 

of reticular dermis  covering the donor s i te al lows closure of  the composite defect because of the 
suture-holding ab i l i ty of  the fibers. Furthermore, the final exposed bed is far more receptive for 
grafting than is  fat. 

17. Do the best results in areola reconstruction follow the grafting of skin that later becomes 
pigmented spontaneously'? 

No. Al though graft ing from an oppos ite areola undergoing reduction remains appropriate as 
reconstruction in k ind,  only occasional ly i s  enough skin ava i lable to rep lace the miss ing areola 
completely. Furthermore, with the sophisticated techniques currently available in breast mound re
construction, alteration of the opposite breast is much less necessary or desirable than in the past. 
The transfer of skin that wi l l  become pigmented after grafting, such as from the upper inner thigh, 
al l ows no control over final coloration and matches the oppos ite areolar color only by chance. 
Furthermore, such darkened grafts invariably lose color over time, typically becoming indiscernible 
from surrounding breast skin within 5-10 years after transfer. Final ly, the high morbidity rates of 
donor s ites from such grafts cannot be justi fied. 

18. What is the treatment of choice for areola reconstruction? 
Tattoo. The only jus t i fication for graft ing during areola reconstruction is to c lose the nipple 

donor s i te when matching a large opposite nipple .  Otherwise, tattoo alone gives the best resul t  in  
areola reconstruction because i t  al lows accurate matching of both shape and surface area of the  op
posite areola as wel l  as the best available color match. 

19. Are coloration or tattoo techniques at the time of nipple reconstruction helpful? 
No. Techniques that tattoo the nipple at the time of nipple reconstruction increase the l ikel i hood 

of flap fai lure. Techniques that tattoo before nipple reconstruction miss the point and waste an extra 
stage. Location for the tattoo remains imprecise, and the opportunity for fine tuning of the ult imate 
result is  forfei ted. Final ly, techniques that paint pigments beneath grafts, a l though i maginative, are 
impractical, both in terms of their unpredictabi l ity in final coloration and their reliance on otherwise 
unnecessary areolar grafting. 

20. When is the ideal time for nipple-areola tattoo? 
General ly 4 months after n ipple reconstruction, when the majority of n ipple shrinkage has oc

curred and final resolut ion has come to the second-stage balancing procedure. At this point final ad
justments to both breast mound and n ipple-areola may be carried out  wi th  m inor surgery, 
l iposuction, and tattoo. 

21 .  Is one of the most important attributes of nipple reconstruction a centric position within 
the areola? 

No. A far more important attribute of nipple-areola reconstruction is symmetry of the areolar 
color patch compared with the opposite side. If at the time of final tattoo i t  becomes necessary to 
shift the areolar pattern from a position that is  concentric to the nipple, an eccentric nipple w ithin a 
symmetric areola is a far better compromise than the alternative. 
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22. Is the best equipment for nipple-areola tattoo the delicate machinery supplied by manu
facturers specializing in  medical equipment? 

Not necessarily. The most important attribute of tattoo equipment for nipple-areola reconstruction is 
sufficient torque to imbed pigments in skins of various thicknesses, such as that overlying the latissimus 
dorsi muscle, as well as sites that may be inherently scarred. These requirements are often very different 
from the characteristics of machines that imbed p igments in the delicate skin of an eyelid, for example. 

23. Does nipple-areola reconstruction require a long learning curve unti l  acceptable results 
can be achieved? 

Not really. In  truth, the earliest experiences with intradennal tattoo produce resu l ts that are su
perior to those avai lable by any other means, i nc luding the transfer of grafts that later darken at 
random. On the other hand, matching the hue, tint, and depth of color of  an oppo ite areola is  an 
artistic challenge for even the experienced surgeon-tattooist; quite naturally, the accumulation of ex
perience aids in achieving such matched results. 

24. Should the final color immediately after tattoo match the opposite n ipple-areola? 
No. It must be significantly darker. Hemosiderin is i nvariably imbedded with the tattoo earth pig

ments, producing a dark appearance to the proper immediate result. This initial darkness fades within the 
fast few weeks after tattoo. The final tattoo, in tum, continues to fade slowly over the months and years 
ahead. Secondary tattoo, however, is especial ly rapid and straightforward, because areolar borders are 
already detennined. The particular patient may require a secondary boost of color, and this possibility 
should be discussed before the initial tattoo. 
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50 .  GYN ECOMASTIA 

N icholas J Spezia le, M D ,  a nd Mary H .  McGra th ,  M . D , M P H . 

1 .  What is gynecomastia? 
Gynecomastia is  excessive development of the male breasts. 

2. In what age groups does gynecomastia occur? 
Physiologic or idiopathic gynecomastia wi th no pathologic basis commonly develops  in the 

newborn, during puberty, and in  old age. 

3. How common is gynecomastia in each age group? 
Palpable breast tissue transiently develops in over 60'!'0 of all newborns because of transplacental 

passage of estrogens. Pubertal gynecomastia has been reported in 64% of adolescent boys with a peak 



I 

Gynecomastia 263 

incidence at 1 4- 1 4.5 years and an average duration of 1 -2 years. During middle age, about 30% of 
men develop gynecomastia. The prevalence gradually increases to > 60% in the seventh decade. 

4. How does pubertal gynecomastia present? 
B il ateral enlargement of the breasts to a mean diameter of 2-2.5 cm. Gynecomastia also may 

present uni laterally or bi laterally with asymmetry. 

5. Are patients with gynecomastia symptomatic? 
Most patients are asymptomatic. If symptoms occur, they generally include breast tenderness or 

soreness or occasional troublesome nipples. 

6. What questions are pertinent in taking the history? 
1 .  What is the duration of the breast enlargement? 
2. Is there any breast pain or tenderness? 
3. Is the patient taking any medication? 
4. Is there any h istory of weight gain or loss? 
5. Is there any history of hepatic disease or hyperthyroidism? 

7. What physical findings should be sought? 
I .  Breast: i f  gynecomastia exists, thickened breast tissue should be palpable under the nipple. 

I f  there is  a smal l ,  hard, eccentrically located mass or i f  skin dimpl ing is  found, suspect carcinoma. 
2 .  Testes: i f  testes appear smal l ,  consider a chromosome study. If asymmetric, evaluate for tes-

ticular tumor with ultrasound. 
3 .  Liver: assess for hepatomegaly or ascites. 
4. Thyroid: assess for enlargement and nodularity. 
5. Assess nutritional status. 

8. Classify the etiologies of gynecomastia. 
Physiologic, pathologic, and pharniacologic. 

9. What are the most common causes of pathologic gynecomastia? 
Cirrhosis ,  malnutrit ion, hypogonadism, K l inefe l ter's syndrome, neoplasms, renal disease, 

hyperthyroidism, or hypothyroidism. 

10. What tumors may lead to gynecomastia? 
Testicular tumors ( i .e . ,  Leydig cell and Sertoli cell tumors, choriocarcinomas) ,  adrenal tumors, 

pituitary adenomas, and lung carcinomas. 

1 1 . What drugs may cause gynecomastia? 
Estrogens Cimetidine Marijauna Diazepam 
Spironolactone Digoxin Reserpine Theophyl l ine 
M nemonic:  Some (spironolactone) men (marijuana) can (cimetidine) develop (diazepam) 

rather (reserpine) excessive (estrogens) thoracic (theophyl l ine) diameters (digoxin) .  

1 2. Does gynecomastia ever resolve? 
• During puberty, gynecomastia often regresses spontaneously within 2 years. 
• In drug-related gynecomastia, withdrawal of the medication leads to regression. 
• If gynecomastia i s  of long duration, it is unl ikely to regress spontaneously. 

13. What is in the differential diagnosis? 
Gynecomastia, pseudogynecomastia, and breast carcinoma. 

14. What is pseudogynecomastia? 
Pseudogynecomastia is an increase in male breast size that results from fat deposition. There is 

no hyperplasia of  breast tissue, and involvement is bilateral. 

1 5. Is there any relationship between gynecomastia and breast cancer in adult males? 
No. Numerous c l in ical studies have fai led to show an increased inc idence of breast cancer in 

men with gynecomastia. There is  no evidence of an increased incidence in patients on long-term es
trogen therapy or with drug-induced gynecomastia. No h istologic evidence supports a relationship. 
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16. What laboratory values should be obtained? 

Prepubertal Males Puber1al Males Adult Males 

Estradiol* 
LH/FSH 
H CGt 

Adrenal CT scan 

Estradiol* 
LH/FSH 
HCGt 

Testosteronet 

Estradiol* 
LH/FSH 
HCGt 

Testosterone* 

Thyroid function tests 
Liver function tests 
Renal function tests 
Chest radiograph 

L H  = l ute in iz ing hormone, FSH = fol l icle-stimulating hormone, HCG = human chori onic gonadorropin .  
* lf estradiol i s  increased, check adrenal CT scan to rule out  feminizing tumor. 
t If HCG is increased, check an ultrasound of the testes to rule out tumor. 
t I f  testosterone is low and LH/FSH are elevated, check karyotype to rule out Kl inefelter's syndrome. 

17. What is the role of medical therapy? 
Testosterone can be effective in the treatment of gynecomastia secondary to testicular failure.  

Tamoxifen has been shown to reduce gynecomastia in middle-aged men. Danazol acts as a go
nadotropin inhibitor, reducing both the pain and extent of gynecomast ia. 

18. What are the indications for surgery in patients with gynecomastia? 
• Adolescent males with enlargement persisting for 1 8-24 months 
• Symptomatic patients 
• Gynecomastia of long duration leading to fibrosis 
• Patients at risk for carcinoma (e.g., patients with Kl inefelter's syndrome) 

19. Describe the surgical classification of gynecomastia. 
Grade 1 :  small visible breast enlargement without skin redundancy 
Grade 2A: moderate breast enlargement without skin redundancy 
Grade 2B: moderate breast enlargement with skin redundancy 
Grade 3: marked breast enlargement and marked skin redundancy 

20. Discuss surgical techniques for gynecomastia (see figures on fol lowing pages). 
I .  Mild-to-moderate gynecomastia. Excision of breast tissue through either a semicircular in

cision along the inferior aspect of the areola or a transverse incision in the apex of the axi l la. 
2. Moderate-to-large gynecomastia. With more severe cases, skin resection and nipple trans

position techniques become necessary. After resecting skin, the nipp le-areola complex is rotated su
periorly and medially based on a s ingle dermal pedicle. 

3 .  Massive gynecomastia. In the most severe cases, en bloc resection of excessive skin and 
breast tissue and free nipple grafting can be performed. The final scar is placed within the inframam
mary crease using a cresenteric transverse incision. The nipple-areola graft is then placed on the 
dermis overlying the fifth rib. 

21 .  What is the role of l iposuction in the treatment of gynecomastia? 
Liposuction is  most helpful as an adjunct to excision by smoothing the edges of the resection. The 

ideal candidate is  the patient with fatty breasts responsive to fat aspirations. Although cannulas have 
been designed to break up fibrous septa, it is usually necessary to excise a small butto of breast tissue. 

22. What is the most common complication after surgery'? 
Hematoma or seroma formation is very common secondary to extensive soft tissue dissection 

through a small incis ion with a substantial dead space. Good hemostasis and placement of a drain 
may be helpful. Evacuate any hematomas that may occur. Other less common compl ications include 
n ipple slough and infection. 

23. What techniques may prevent unwanted results? 
1 .  Be sure to leave an adequate layer of subcutaneous fat over the pectoral is  fascia to prevent a 

concave breast. 
2. Perform l iposuction to produce a smooth contour peripherally. 
3. Leave a 1 -cm thick layer of adipose or glandular tissue beneath the areola to avoid nipple in

vers ion. 



A and 8, Mastectomy for gyneco
mast ia through a sem ic i rcu l ar 
intraareolar incision. C and D ,  
Resection of cone-shaped mass 
of breast t issue tapering away at 
periphery with sufficient fat left on 
pectoral fasc ia .  (From McGrath 
MH: Gynecomastia. In  Jurkiewicz 
MJ, Krizek TJ, Mathes SJ, Ariyan 
S (eds): Plastic Surgery: Principles 
and Practice. St. Louis, Mosby, 
1 990, p I 1 28, with permission.) 
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D 

Operations for reduction of moderate-to-large breasts with 
nipple transposition or reduction and transposition of peri
areolar skin around stat ionary n ipple. A, Superior periareo
lar incis ion with skin excision. 8, Nipple transposit ion on 
s ingle dermal pedicle with obl ique breast scar. C. Nipple 
transpos i t ion on vertical dermal bipedicle wi th  transverse 
breast scar. (From McGrath M H :  Gynecomastia. In 
J urkiewicz MJ, Krizek TJ , Mathes SJ,  Ariyan S (eds): 
Plastic Surgery: Principles and Practice. St .  Louis,  Mosby, 
1 990, p I 1 30, with permission.) 
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Operation for excessively large breasts with radical excision and free transplantation of n ipple. A ,  Grafting of 
nipple onto dermal bed prepared in  center of breast scar. B.  En bloc excision wi th  nipple grafting and inframam
mary crease scar. (From McGrath MH: Gynecomastia. In Jurkiewicz MJ. Krizek TL Mathes J. Ariyan S (eels): 
Plastic Surgery: Principles and Practice. St. Louis, Mosby, 1 990, p I 1 32 ,  with permission.) 
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5 1 .  EVALUATION O F  T H E  AG I N G  FAC E  

J ack A Friedland ,  M . D . ,  a nd John W .  Smith ,  M . D . 

1. Give examples of trigger events that may cause a person to seek consultation for aesthetic 
facial rejuvenation. 

1 .  Observation of a friend who has undergone facial rejuvenative surgery with good results 
2 .  Self-crit icism and realization of signs of aging in the face, eyes, and neck 
3. Realization of a need for self-enhancement that may pave the way for career advancement 
4. Realization of the need for self-enhancement to keep competitive in the work environment 
5 .  Realization that a social relationship with a younger person would be enhanced by a more 

youthful appearance 

2. What elements comprise the initial aesthetic facial surgery consultation? 
I .  Evaluation and discussion of the patient's desires as wel l  as current and past medical history 
2.  Thorough physical examination, which is  best done with the patient comfortably seated in 

front of a l arge m irror with appropriate l ighting. In addit ion, a revers ing mirror may be used to 
demonstrate to the patient their actual appearance rather than the image that they ee in a standard 
mirror. 

3. Consideration of appropriate laboratory and radiographic tests to determine general health 
status.  I f  a speci fic medical problem becomes apparent, consu ltation with the patient's physician 
should be done. 

4 .  Visual examination, including acuity, Schi1mer test (if indicated), and visual fields (if indicated) 
5. Photographic documentation of preoperative status 
6. Patient education 

• Videotapes 
• Instructional brochures 
• Discussion of anangements for surgery with office staff (patient coordinator, nurse, secretary) 

3. What factors contribute to the aged appearance of the face? 
I .  Atrophy and loss of skin tone due to sun damage 7. Chronic abuse of alcohol 
2. Genetic inheritance 8. Chronic smoking of cigarettes 
3. Morphologic changes of the facial bones 9. History of trauma 
4. Health-related problems 1 0. Chronic facial muscular contractions 
5. Emotional stress 1 1 . Environmental damage due to 
6. Large gains or losses in weight excessive sun exposure and pol lut ion 

4. What intrinsic changes of the skin may be seen in the aging face? 
I .  Loss of elasticity 
2. Keratoses, epitheliomata, and other hyperpigmented lesions 
3 .  Fine l ines and wrinkles 
4.  Decreased amount of subcutaneous adipose tissue due to ab·ophy 
5. Abnormal pigmentation 
6. Environmental damage 

5. Outline the chronologic appearance of signs of aging in the face and neck. 
Decade of the 30s: the upper eyelid skin becomes redundant and crow's feet form lateral to the 

canthi. 
Decade of the 40s: the nasolabial folds become more prominent; transverse forehead furrows 

and vertical glabellar frown l ines develop. 
Decade of the SOs: rhytids develop in the neck; the jaw l ine becomes less dis · ct. Jowls form; 

the tip of the nose droops. 

268 
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Decades of the 60s, 70s, and 80s: cutaneous and subcutaneous tissues atrophy, contributing to 
the formation of increased wrinkles and sagging of the skin. 

J 
30 YEARS 40 YEARS 50 YEARS 60 YEARS 70 YEARS 80 YEARS 

Changes observed in  the external appearance of the aging face. (From Gonzalez-Ul loa M, Flores ES: Seni l i ty of 
the face-basic study to understand its causes and effects. Plast Reconstr Surg 36:239, 1 965, with permission.) 

6. What changes in the facial skeleton occur with aging? 
I .  Decreased height of mid and lower 4. Increased prominence of frontal sinus 

portions of face 5 .  Increased prominence of zygomatic arch 
2. S light increase in faci al width 6. Increased facial depth 
3 .  Increased prominence of chin 

7. Which retaining ligaments provide support to the soft tissues and skin of the face over the 
bony skeleton? 

I .  Zygomatic osteocutaneous l igaments 
2. Mandibular osteocutaneous l igaments 
3. Platysma-auricular l igaments 
4. Anterior platysma-cutm1eous l igaments 
The most important of these are the zygomatic and mandibular l igaments. 

Retain ing l igaments of the cheek 
that must be divided for proper skin 
drapage. Zygomatic l igament (Mc
Gregor's patch) and mandibular lig
aments tether the sk in  to the fac ial 
skeleton. The platysma-auricular 
l igament and the anterior cutaneous 
l igaments are condensations of pla
tysma fascia that extend to the 
dermis. (From Furnas OW: The re
taining l igaments of' the cheek. Plast 
Reconstr Surg 83 :  I I .  1 989, with 
permission.) 

Platysma
auricular ---!f--"n
ligament 

Anterior 
platysma
cutaneous 
ligament 

Zygomatic 
ligament 

8. What signs of facial aging are correctable by aesthetic rejuvenative surgery? 
I .  Sag and laxity of the skin of the cheeks and neck 
2. Prominence of the nasolabial folds 
3. Deepening of the nasolabial and perioral commissural creases 

Mandibular 
ligaments 

4. Formation of  jowls  with laxity and sag of the facial  skin over the border of the mandible, 
causing the jaw l ine to become less distinct 

5 .  Formation of rhyJids in various areas of the face 
6. Atrophy of the skin and subcutaneous adipose tissues 
7. Ptosis of the soft tissues of the anterior aspect of the chin 
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St igmata of the aging face. Common findings include ( I )  
ptotic and wrinkled brow, (2) glabellar laxity and frown l ines, 
(3) ptotic eyebrows, (4) periorbital folds and l ids, (5) redun
dant lower eyel id skin, (6) droopy nasal t ip ,  (7) laxi ty of 
cheeks, (8) ptotic earlobes, (9) perioral wrinkl ing, ( I  0) jowls, 
( 1 1 ) platysmal bands, and ( 1 2 )  laxi ty of cerv ical skin.  The 
possible combinations are infin ite, and each patient must be 
carefu l ly analyzed to formulate a treatment plan. ( From Baker 
TJ, et al :  Surgical Rejuvenation of the Face. St. Louis, Mosby, 
1 995, with permission.) 

9. What signs noted on physical examination of the forehead can be corrected by aesthetic 
facial rejuvenative surgery? 

I .  Transverse furrows 5. Fullness in the glabell ar region 
2. Vert ical glabellar frown l ines 6. Transverse creases over the dorsum of 
3. Ptosis of the brows the nose in the area of the radix 
4. Ful lness and hooding of the upper eyelids 7. Crow's feet 

10. What is the normal or ideal position for the female eyebrow? 
I .  The brow is located approximately I cm above the superior orbital rim ( whereas it l ies ap

proximately at the level of the rim in men). 
2 .  The medial aspect of the brow is delineated by a vertical l ine drawn superiorly  and perpen

dicular through the alar base. 
3 .  The lateral aspect of the eyebrow is  del ineated by an obl ique l ine drawn from the lateral 

aspect of the alar base through the lateral can thus. 
4. The medial and lateral ends of the brow are approximately at the same horizontal level. The 

h ighest portion or apex of the brow is delineated by a vertical l ine extending superi rly from the lat
eral aspect of the corneal l imbus. 
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Spatial relationships of the ideal female eyebrow. (From El lenbogen R :  
Transcoronal eyebrow l i ft wi th concomitant upper blepharoplasty. P lasl 
Reconstr Surg 71 :490, 1 983, with permission.) 

1 1 .  What signs of aging in eyelids are correctable by aesthetic rejuvenative surgery? 
1 .  Increased amount and laxity of skin of the lids 
2.  Increased protrusion of periorbital fat 
3. Ptosis of the brows, which, along with upper eyelid skin redundancy, causes hooding 
4.  Crow's feet, or rhytids, in the lateral canthal region 
5. Ptosis of the lacrimal glands 



Eva l uat ion of the Agi n g  Face 2 7 1  

6 .  Formation o f  xanthelasma 
7.  Hypotonicity and horizontal laxity of the lower lids 

12. Is an ophthalmologic consultation required for all patients before undergoing aesthetic re
juvenation of the eyelids? 

No-unless the patient is  found to have a prev iously unknown defect in v isual acuity or tear 
production or an anatomic deformity is  discovered on physical examination that may require further 
ophthalmologic testing or treatment. 

13. What signs of aging in external ears can be corrected by aesthetic rejuvenation? 
I .  Increased prominence due to an increase in the conchoscaphoid angle and/or unfurling of the 

antihel ix 
2 .  Increased size of the earlobes 
3. Increased size of pierced earlobe holes due to chronic wearing of heavy earrings 

14. What signs of aging of the nose are correctable by aesthetic rejuvenative surgery? 
1 .  Drooping nasal t ip or decrease in the nasolabial angle 
2.  Thickening of the skin of the nose 
3. Enlargement and thickening of alar cartilages 
4. Elongation of the nose 
5. Widening of the nostTils 

Signs of the aging nose. (From Gruber 
RP, Peck GC: Rh inoplasty: State of 
the Art .  St. Louis,  Mosby, 1 993, with 
pem1ission). 

15. What signs of aging in the perioral region can be corrected by surgical rejuvenation? 
l .  Vertical rhytids extending from the vermil ion borders of the upper and lower l ips 
2 .  Increased vertical height of the white portion of the upper l ip  
3. Flattening of the contour of the upper l ip  
4. Thinning and decreased ful lness of the vermil ion of the upper and lower l ips 
5 .  Downturning of the lateral oral commissures 
6. Appearance and deepening of "marionette" l ines 

1 6. What signs of aging in the neck can be corrected by aesthetic rejuvenation? 
I .  Wrinkl ing of the skin 
2. Formation of vertical bands in the platysma muscle 
3 .  Formation of a less acute and more obtuse cervicomental angle (due to laxity of the platysma 

and/or excessive deposition of subcutaneous and subplatysmal adipose tissue) 
4.  Laxity and sag of the submental and anterior and lateral cervical skin 
5. Ptosis of the submandibular glands 

17. Why are preoperative photographs necessary? 
l .  They assist in preoperative planning and patient discussion. 
2 .  They are invaluable for reference during surgery. 
3. They are useful for postoperative counseling and review. 
4. They provide necessary medicolegal documentation. 
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18. What visual records are used to document preoperative appearance? 
Most surgeons prefer preoperative photographs that become pa11 of the patient's pennanent office 

records. Photographs may be taken with a 35-mm camera, h igh-grade portrait lens ( 1 05 mm preferred), 
and appropriate l ighting. The images are recorded in black and white or color and can be printed in 3" x 
5", 4" x 6", or even 5" x 7" sizes. Some surgeons use l i fe-size 1 1 " x 14" prints and mark on a clear ac
etate fLlm placed over them to demonstrate goals and hoped-for changes in appearance. Others prefer to 
record images on 35-mm color film. Computer imaging allows innumerable poses and computer mod
ifications that enable patients and surgeons to visualize preoperative defects as well as hoped-for postop
erative improvements. Electronic images are easily made into pennanent slides or prints. 

19. What standard views of the face and neck are taken for photographic documentation? 
Anteroposterior, right lateral, right oblique, left lateral, and left oblique. 

20. What additional views may be taken to demonstrate deformities? 
1 .  Close-up of the eyes to demonstrate fine l ines and asymmetry of the l ids 
2. Close-up of the eyes looking up to demonstrate bulging of the periorbital fat in the lower l ids 
3. Smil ing profile to demonstrate change in position of the nasal tip 
4. "Worm's eye" view to demonstrate the basilar orientation of  the inferior a pect of  the nose 

and its relationship to the cheeks and l ip  
5 .  Flexed lateral view to demonstrate laxity and sag of the sk in  of the lower face and neck 
6. Posteroanterior view to demonstrate protrusion of the ears from the side of the head (concha

scaphoid angle) 
7. Close-up of  the mouth at rest, smi l ing, and puckering to demonstrate muscular function, 

asymmetry, and rhytids 

21 .  Does the consultation for aesthetic facial rejuvenative surgery differ for men and women? 
No. However, physical characteristics and psychological considerations may be greatly different 

and must be explored and adequately discussed. 

22. What differences are noted between men and women in  evaluating patients for aesthetic 
facial surgical rejuvenation? 

I .  The position of the eyebrows is different. In women, the brow is usual ly located above the 
superior orbital rim, whereas in men i t  is located at or s l ightly below the rim. 

2. Different patterns of hair growth in the scalp. Men tend to have recession of the frontal fore
head hairline with loss and thinning of hair much earlier in l i fe than women. 

3. The presence of a beard in men, which causes an increase not only in the th ickness of the 
skin but also in the blood supply due to a richer subdemial plexus. 

4. Psychologic differences. Active men like to be in control of all aspects of their situation and are 
less l ikely to fol low postoperative instructions such as restriction of activity and taking medication. 
Men seem to be less demanding about the results of surgery and usually have more realistic goals. 

23. What is the best age at which to undergo aesthetic facial rejuvenative surgery? 
There is  no one best age. The timing of surgery depends on ( I )  the patient's desires, (2)  the pa

t ient's general health status, (3) the patient's mental health status, (4) the presence of signs of aging 
that the p lastic surgeon bel ieves can be surgically corrected, and (5)  h istory of sun exposure and 
presence of environmental damage to the skin. 

24. Is there an age at which the patient is "too old" to undergo facial rejuvenative surgery? 
No-as long as the patient's general mental and physical health status are deemed satisfactory. 

25. How long do the results of facial rejuvenative surgery last? 
The answer depends not only on the general health status of the patient but also on the age at 

which the procedure is pe1formed. Usually foreheadplasties and eyelidplasties do not need to be re
peated, but facialplasties are considered to last for 8- LO years. 

26. Where can facial rejuvenative surgery be performed? 
Facial rejuvenative surgery may be performed in a hospital, a free-standing ambulatory outpatient 

surgical faci l i ty, or a physician's office. Any of these options is  acceptable as long as the appropriate 
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equipment for performance of the surgery and resuscitation is  available. In addition, the necessary 
trained and certified medical personnel must be avai lable. 

27. What type of anesthesia is most appropriate for facial rejuvenative surgery? 
The type of anesthesias depends on the procedure, the patient 's general health status,  and the 

surgeon's preference. For some procedures, local anesthetics may be sufficient.  However, for the 
great majority of  procedures, local anesthetics must be combined with intravenous sedation and 
analgesics. General anesthesia i s  used for procedures requiring complete relaxation (such as com
plete relaxation of the abdominal muscles during abdominoplasty). 

28. Who may not be considered candidates for facial rejuvenative surgery? 
I .  Patients who have difficulty with describing or delineating the changes they desire 
2. Patients who feel  that their deformities are greater than they actually are 
3. Patients with unrealistic expectations 
4. Patients with severe mental or physical health problems who are poor surgical risks 
S. Patients who are addicted to cigarettes, alcohol and/or drugs 
6. Patients with nonsupportive family members 

29. Who else may not be considered good candidates for aesthetic facial rejuvenative surgery? 
I .  Patients who are overly concerned about minimal defects 
2. Patients who are too demanding or direct the physician about what to do and how to do it 
3. Patients who constantly interrupt when explanations are given by the physician 
4. Patients who have previously undergone surgery by another physician with less than desir

able results and are antagonistic and defensive 

30. W hat five rare skin conditions may present as premature aging with or without skin 
laxity? Is facial aesthetic surgical rejuvenation indicated? 

I .  Ehlers-Danlos syndrome: a rare, genet ically transmitted disease of connect ive t i ssue char
acterized by th in ,  friable, and hyperextensible skin,  hypermobi le joints ,  and subcutaneous hem
orrhages. I t  may be associated with posttraumatic bleeding and poor wound heal ing.  I t  is  caused 
by a genetic defect with inadequate production of the enzyme lysyl oxidase. Rhytidectomy is not 
indicated. 

2 .  Cutis laxa : a degeneration of the e lastic fibers in  the dermis, associated with chronic ob
structive pulmonary disease, pulmonary infections, cor pulmonale, GI and GU diverticu l i ,  and her
nias .  The genetic defect is a deficiency of lysyl oxidase. Aesthetic facial rejuvenation is indicated 
and beneficial as long as the patient's general health status is satisfactory. 

3. Progeria: a rare d isorder of unknown etiology, transmitted in an autosomal recessive manner 
and characterized by growth retardation, cran iofac ial di sproportion,  baldness, protruding ears, 
pinched nose, micrognathia, atherosclerotic heart disease, and shortened l i fe span. Plastic surgery is 
not indicated. 

4. Werner's syndrome (adult progeria) :  a rare autosomal recessive disorder that consists of 
scleroderma-like skin changes, including patchy induration associated with baldness, aged facies, 
hypo/hyperpigmentation, short stature, high-pitched voice, cataracts, diabetes, muscle atrophy, os
teoporosis, various neoplasms, and premature atherosclerosis .  Plastic surgery is not indicated be
cause of the presence of diabetic microangiopathy. 

S. Pseudoxanthoma elasticum :  a degenerative disorder of the elastic fibers with premature 
skin laxity. Aesthetic facial rejuvenative surgery is beneficial .  
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Paul  L .  Schnur, M . D . ,  and Scott A Don,  M . D .  

1 .  Describe the arterial and nerve supply to the forehead. 
It is  necessary to understand the anatomy in the dissection of a forehead flap or endoscopic dis

section of the brow. The forehead receives blood from both the internal and external carotid arteries. 
The frontal branches of the superficial temporal artery arise from the external carot id artery. The 
supratrochlear and supraorbital  arteries arise from the internal carotid artery v ia  the ophthalmic 
artery. The supraorbital and supratrochlear cutaneous nerves are derived from the ophthalmic divi
sion of the trigeminal nerve (cranial nerve V 1 ) .  The supraorbital nerve exits through the supraorbital 
foramen to innervate the lateral part of the forehead and the front of the scalp. The supratrochlear 
nerve exits medial to the supraorbital nerve mid supplies the middle portion of the forehead. 

2. Describe the anatomy of the frontal nerve. 
The frontal nerve is a branch of the facial nerve. I t  emerges from beneath the parotid gland on a 

l ine extending from a point 0.5 cm below the tragus to a point 1 .5 cm superior to the lateral position 
of the eyebrow. The nerve enters the frontal is  muscle on its deep swface at a point where the orbicu
laris ocul i  intersects the lateral aspect of the frontal is muscle (approximately 1 .5 cm above the lateral 
aspect of the eyebrow). 

3. What is the function of the musculi frontalis? 
Eyebrow elevation. The muscul i  frontalis are vertically oriented, paired muscle that blend in the 

midline. The muscles originate from the epicrm1ial aponeurosis (galea) at the level of the anterior hair
l ine and extend inferiorly to cover most of the forehead and insert into the dermis of the forehead skin. 

4. What three facial muscles oppose the brow-lifting activity of the muscul i  frontalis'? 
Corrugator superci l i i ,  procerus, and orbiculm·is ocul i  muscles. 

5. Which muscles of the face are responsible for the deep transverse forehead l ines, vertical 
glabellar creases, and transverse wrinkles at the root of the nose? 

Frontal is,  corrugator, and procerus muscles, respectively. 

6. Describe Ellenbogen's criteria for the ideal eyebrow position and contour. 
I .  The brow begins medially at a vertical line extending from the ipsi lateral alar base and ipsi

lateral medial canthus. 
2 .  The brow ends laterally at an oblique l ine extending through the ipsilateral alar base and lat-

eral canthus. 
3 .  The medial and lateral ends of the eyebrow l ie at approximately the same horizontal level .  
4. The apex of the brow l ies directly above the lateral l imbus of the eye. 
5. The brow arches above the supraorbital rim in women and l ies approximately at the level of  

the r im in men. 

7. What systematic approach should be used to evaluate the contour of the eyebrow? 
The contour of the brow is evaluated in thirds: medial ,  centra l ,  and l atera l .  If the medial eye

brow is lower than the lateral, the patient looks angry or distressed. In contrast, a lower lateral eye
brow gives the patient a concerned or sad appearance. An excessive medial elevated eyebrow gives 
the patient a surprised look. 

8. What are the indications for a forehead and brow lift? 
Primary indications include ptosis of the forehead and eyebrows and ful lness of the l a teral 

upper l ids .  The forehead and brow l i ft also helps to correct transverse forehead l i nes,  g label l ar 
creases, and transverse folds at the root of the nose. 
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9. Where is the plane of dissection for the development of the forehead tlap? 
The flap for a coronal brow l ift is elevated in the areolar plane between the galea and the peri

cranium. The other potential planes of dissection are subcutaneous or subperiosteal. 

10. What is a supraciliary eyebrow lift? 
I t  is  a procedure that elevates the eyebrow by excision of skin directly above the eyebrow. This 

relatively simple excision produces dramatic eyebrow elevation but leaves a permanent vis ible scar, 
thus l imit ing i ts popu lari ty. The procedure is best l imited to men with thick eyebrows or women 
wil l ing to accept a scar that may or may not be covered by makeup. 

1 1 . What is a midforehead lift? 
This procedure helps to correct deep forehead creases and brow and glabel lar ptosis. The inci

sion is  placed centrally in a prominent horizontal forehead crease to al low direct interruption of  the 
frontal is  muscle and elevation of the eyebrows (with optional excision of the medial muscles). The 
procedure leaves a visible scar and thus is  l imited to men with deep forehead creases. 

12. What is a bitemporal lift? 
This procedure has the advantage of elevating the lateral brow while concealing the paired inci

sions in the temporal hair. There is no muscle resection. I t  is primarily indicated for younger patients 
with lateral orbital hooding. 

13. Before the development of the endoscope, what were the most popular techniques for fore
head and brow lift? 

The bicoronal and modified anterior hairl ine forehead l i ft .  Jn  the standard bicoronal l ift, the in
cis ion in the frontal and temporal regions is  placed far enough posteriorly so that after resection of 
the redundant scalp i t  remains approximately 5 cm behind die hairl i ne. In the modified anterior hair
l ine l i ft ,  the incis ion fol lows the hairline in the frontal region and then turns posteriorly in the tem
poral region for 7-9 cm before curving caudally toward the top of the ear. 

14.  What factors determine the preference for a standard bicoronal or a modified anterior 
hairl ine incision? 

Patient choice, height of the hairline, and thickness of the hair determine which incision should 
be used. For patients with a normal anterior hairline and without excessive thinning of the hair, a stan
dard coronal incision is prefe1Ted. When the anterior hairline is  high, the modi fied incision is used. 

i tlll 

Lefr. Standard coronal incision for normal hairl ine. Righr, Modified coronal incis ion for high hair l ine. (From 
Aston S, Thorne CH: The forehead and brow. In Rees TD, Latrenta GS (eds): Aesthetic Plastic Surgery, 2nd ed. 
Philadelphia, W.B.  Saunders, 1 994, p 733, with permission.) 

15. What are the potential complications of a forehead and brow lift? 
The incidence and severity of complications from a forehead and brow l i ft are quite low, and vir

tual ly a l l  compl ications are apparent in the early postoperative period. The complications i ncl ude 
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hematoma, transient loss of sensation (< 5% pennanent loss), tightness, chronic pain. hair loss, unac
ceptable scars, irregularities, and skin necrosis. 

16. What are the major operative principles of an endoscopic forehead l ift? 
I .  Several small incisions are made within the hairline. 
2 .  An extensive subperiosteal dissection is  performed to include the orbital rim and the root of 

the nose. 
3. Release and resection of the corrugator and procerus muscles. 
4. Preservation of the supratrochlear and supraorbital neurovascular elements. 
5. Forehead elevation and fixation with percutaneous microscrews or other techniques a l low 

reattachment to bone at a higher position. 

17. What are the advantages of an endoscopic forehead l ift? 
No scalp resection, less scarring, decreased and less permanent numbness, and less bleeding. 

This procedure is beneficial for patients with alopecia and permits a comfortable, fast recovery. 

18. What are the disadvantages of an endoscopic forehead l ift? 
New training and instruments are necessary, careful patient selection is essent ial ,  deep wrinkles 

of the forehead and glabellar area are not completely eradicated, and correction of severe eyebrow 
ptosis is  l imited. 
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5 3 .  BLEPHAROPLASTY 

Robert S .  Flowers, M D ,  a nd Eugene M .  Sm ith , J r , M . D . 

1 .  What is blepharoplasty? 
Blepharoplasty comes from two Greek words-b/epharon, meaning eyelid, and plastikos, 

meaning fit for molding.  B lepharoplasty is any procedure that is  performed to shape or modify the 
appearance of the eyelids. I t  may be performed purely to remove bagginess, fatty protrusions, and 
lax hanging skin around the eyes or to correct a "lazy" or blepharoptotic eyel id. This last procedure 
is more often referred to as blepharoptosis repair. Blepharoplasty also refers to the creation of l id  
creases on eyelids that have no visible infolding and a simi lar operation on eyelid with i l l -defined 
or asymmetric folds. 

Traditional ly, blepharoplasty denotes the removal of skin and perhaps a s l iver of muscle from 
the upper l ids, together with protruding or excessive orbital fat. On the lower lid, blepharopla ty sug
gests an elevation of skin or skin-muscle flaps and removal of skin, muscle, and/or fat. 

2. What is the difference between blepharochalasis and blepharodermatochalasis (derma
tochalasis)? Between steatoblepharon and blepharoptosis? 

True blepharochalasis, a rare inherited disorder that appears in chi ldhood, i characterized by 
repetitive episodes of eyel id edema that eventually lead to attenuation and/or dehi cence of the leva
tor aponeurosis with resultant ptosis. The periorbital tissues stretch out, and dehi cence of the can
thal tendons sometimes occurs. More often blepharochalasis refers to the stretching of the skin of the 
eyel ids associated with aging. A more accurate term for involutional loosening of the eyel id skin is 
dermatochalasis. The puffiness of fat that is either excessive or protruding through a lax septum is 
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steatoblepharon. Blepharoptosis is drooping of the upper eye l id. When the eyebrow is ptotic, fat, 
together with the eyel id  skin, hangs over the margin and may cause the i l lus ion of ptosis when the 
eyel id occupies a nonnal position. The proper term for this condition is pseudoblepharoptosis. 

3. Is blepharoplasty the procedure of choice for brightening and refreshing the eye region? 
Since its inception, traditional blepharoplasty has been touted as the procedure to brighten and 

refresh the eye region. Commonly i t  fai l s  miserably in this quest. Failure comes from two sources: 
( I )  poor design of the blepharoplasty surgical procedure, which was conceived for a static model 
rather than the dynamic tissues of the human face, and (2) poor patient selection. 

4. What is compensated brow ptosis? 
In considering the upper portion of the orbit, it is  absolutely essential to understand the concept 

of compensated brow ptosis .  Most people presenting for blepharoplasty have a resting posi t ion of 
the eyebrow that is  far too low for effective and/or comfortable forward and lateral v ision. It is  also 
too low for optimal aesthetics.  This s i tuation is  remedied by constant contraction of the frontal is 
muscle when the eyes are open. Removal and/or invagination of overhanging tissues from the upper 
eyelids part ia l ly  or total ly  relaxes the brow-e levating musculature .  Frontal is muscle contraction 
checks the descent of the eyebrow and l id skin at a point just short of v isual interference or weighty 
discomfort for the l ids. Upper blepharoplasty procedures in people with compensated brow ptosis 
al low the eyebrow to position itself lower in the resting eye-open posture after surgery compared 
with the preoperative position. The usual resul t  is a l id  with precisely the same amount of overhang 
as before surgery, leading to a second or even a third redo with yet more upper l id tissue excision. 

Only in people with an adequately h igh resting posi tion of the brow and l i ttle-to-no compen
sated brow ptosis is  upper blepharoplasty a procedure of choice for brightening and refreshing the 
eye region, and only in unusual adults with superb l id tonicity does lower l id blepharoplasty satisfy 
these conditions. ln al l  others the effect of lower blepharoplasty is to drop l id posture, increase scle
ral show, and markedly sadden the patient's appearance. Unfortunate ly, patients request ing ble
pharoplasty who satisfy these criteria are few and far between. 

5. If blepharoplasty is not the procedure of choice, what is? 
Coronocanthopexy is  the basic foundation for aesthetic repair around the orbital region without 

deforming the l ids, periorbital aesthetics, or aperture shape. I t  maintains normal healthy eyel ids 
without sacrificing any of the precious and iITeplaceable eyelid t issue. Dropped posture of the lower 
l ids, clue to attenuation of the canthal tendon and reduced lid tonicity, is  commonly responsible for 
what appears to be excessive skin. Canthopexy restores position, tone, and the normal upward t i l t  to 
the eye, whereas blepharoplasty (including transconjunctival fat removal) acids downward cicatricial 
traction on an already weakened eyel id,  lowers the l id posture, and imparts a saddened appearance 
along wi th a decreased aperture w idth. When a secure canthopexy accompanies blepharoplasty, 
whatever tissue is  truly excessive may be removed without adversely altering the shape of the eye. 
Elevation of  the lid tightens the orbital septum and adds restraint to bulging fat. 

The key effect of a frontal l i ft is  to check the brow against precipitous descent after blepharo
plasty. When the eyebrow is properly positioned, the l id appearance often suggests a youthful ver
sion of the patient. Coronocanthopexy often totally e l iminates the need to resect skin. If redundant 
or excessive skin remains when the brow is examined postoperat ively (positioning i t  at its estimated 
postoperative posture), a simple excision of skin (and/or a t iny s l iver of orbicularis) just above the 
supratarsal crease wi l l  suffice to create the desired correction. With the lateral brow properly posi
tioned, i t  i s  rarely necessary to extend the l id excisions beyond the edge of the orbital rim. 

6. What is the youngest age at which a patient should consider blepharoplasty? 
A functional blepharoplasty is indicated sometimes within the first few weeks of l i fe i f  the upper 

eyelids block the infant's v ision, as in severe cases of congenital blepharoptosis. I f  one or both eye
lids block the chi ld's v ision, normal visual pathways may not develop, leading to i rreversible visual 
loss in one or both eyes. This phenomenon i s  cal led amblyopia. In epiblepharon ,  an anomaly 
common in  young Asian chi ldren, the lower l id eyelashes are in contact with the cornea. S urgery 
may be required to correct this deformity. Cosmetic blepharoplasty also may be considered in chi l
dren and young teenagers, espec ia l ly  those of Asian ancestry, with heav i ly pseudoblepharoptotic 
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l ids. In general, it is preferable to wait unti l  a person is  old enough to cooperate under IV-assisted 
local anesthesia. 

7. Is the preaponeurotic fat continuous with the deeper orbital fat? 
Yes.  The preaponeurotic fat is an important landmark during blepharoplasty and blepharoptosis 

surgery. It is  usually the fast fat encountered in making an incision through the orbicularis muscle and 
orbital septum, and portions of preaponeurotic fat are commonly removed during blepharoplasty. 
The lateral fat is contained anteriorly within a sling made by the fusion of the orbital septum and leva
tor aponeurosis in the upper lid. Because the aponeurosis of the levator muscle is immediately posterior 
to this orbital fat, it is  called preaponeurotic fat. Al l  of it is  in continuity with the deeper orbital fat. 

B 

Upper eyelid anatomy. A, Note fusion of the levator aponeurosis 
and orbital septum to form the septoaponeurotic vehic le  that 
serves as a ball-bearing mechanism for eyelid opening and clo
sure. Sympathetical ly innervated Muel ler's muscle inserts into 
the superior tarsus. B and C, The septum and aponeurosis may 
fuse at variable levels in the eyelid. ln Caucasians the attachment 
is usually higher, whereas in  Asians it i s  usually more inferior. 

8. Is it important to remove most of the fat from the lateral or central-lateral upper eyelid 
during blepharoplasty? 

No. The contrary is true. The central-lateral fat, together with its sheath, provides a "ball-bearing" 
mechanism for the septoaponeurotic vehicle, which serves an important function during eyelid opening 
and closure. Excessive or aggressive removal of central fat may produce scarring capable of interfering 
with lid opening and result in blepharoptosis or lagophthalmos. Most people have a deep, hollowed-out 
area between the medial and lateral (central-lateral) compartments in the upper orbit. Loss of fat wors
ens this defom1ity and creates excessively deep-set upper lids or a superior sulcus deformity. 

9. What structure is often mistaken for fat in the upper eyelid? 
The lacrimal gland. Beware of color and texture d ifferences, and be careful when removing fat 

from the lateral portion of the upper l id. Injury to the lacrimal gland may result in dryness of the eyes 
and the possible need for permanent use of artificial tears and lubricating ointments. If the gland is 
abnormally large, it is  far better to tuck the gland beneath the orbital rim with one or more sutures, 
anchoring its capsule to the deep periosteum, than to resect the gland itself. 

10. Does removal of the palpebral lobe of the lacrimal gland have any deleterious conse
quences? What about the orbital lobe? 

Removal of ei ther the palpebral or orbital lobe of the lacrimal gland may adversely affect tear 
secretion. The lacrimal gland is  divided into the palpebral and orbital portions by the lateral horn of 
the levator aponeurosis. The ducts for secretion of tears travel from the orbital lobe through portions 
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of the palpebral lobe to reach the superior lateral fornix. Thus, cuts in or removal of the paJpebraJ 
lobe may decrease tearing by severing ducts and interrupting the passage of tears. Injury or removal 
of the orbital lobe of the lacrimal gland may adversely affect the secretion of tears by e liminating the 
secretomotor innervation to both the orbital and palpebral lobes. 

1 1. What is a retrobulbar hemorrhage? What are the common causes and possible consequences? 
A retrobulbar hem01Thage is bleeding that occurs posterior to the orbital septum or globe in suf

ficient quantity to exert pressure on the globe. It may resul t  from trauma, orbital surgery ( including 
fat removal during blepharoplasty), injection of anesthetic in the retroseptal space, and frontal or 
brow l ifting with v iolation of the orbital septum during dissection. I t  is much more common in hy
pertensive patients or normotensive patients with intraoperative elevation of blood pressure and pa
t ients who use aspirin or other medications with anticoagulant propert ies. The risk of  retrobulbar 
hemorrhage can be minimized by controll ing pain and blood pressure preoperatively and intraopera
tively, by precisely cauterizing al l  fat and vessels before transecting them, and by using blunt-tipped 
needles for deep orbital anesthesia. Except in severe exophthalmos, all significant retrobulbar hem
orrhage usually causes v isible protrusion of the globe. 

Too much pressure on the globe may lead to i rreversible loss of v ision. The intraocular pressure 
at first remains within normal range but may increase rapidly if the cause goes untreated. Normal in
traocular pressure is  1 0-22 mmHg. Pressures of 30-40 mmHg should sound an alarm and motivate 
the surgical team to control contributing factors immediately. Intraocular pressure above 40 mmHg 
represents real risk of v isual compromise and demands immediate treatment. Intraocular pressures 
approach ing diastolic levels put the eye in imminent danger of vein occlusion or retina or nerve in
farction, causing severe or total loss of vis ion. 

12. How is a retrobulbar hemorrhage treated? 
Treatment requires prompt recognition followed by measures to decrease pressure on the globe. 

Prompt control of pain and blood pressure elevation are often the most pressing needs, with applica
t ion of l ight intermittent pressure on the orbit until these factors are controlled. A blunt instrument 
placed into the orbit through an existing incision may al low some blood to drain. Maximal exposure 
and i l lumination are essential in attempting to identify and cauterize the offending vessel, which is  
rarely found. Lateral cantholysis may be necessary to al low the orbital t issues and eyel ids to bulge 
forward to decrease the orbital pressure transmitted to the globe . Some physicians recommend the 
immediate use of mannitol or acetazolamide (Diamox) to lower the intraocular pressure. 

Immediately after recognizing the condition, during or after a blepharoplasty or blepharoptosis 
surgery, reopen the incision and orbital septum, and drain the orbit with a blunt instrument. Another 
technique involves using a hemostat to create an opening in the orbital floor to decompress the orbit 
emergently. This technique is rarely indicated unless all other maneuvers fai l .  Anterior chamber de
compression is  not indicated. 

13. What are the advantages and disadvantages of a transconjunctival blepharoplasty? 
Transconjunctival incisions are useful lower eyel id surgical approaches when only fat (steato

blepharon) removal or orbital septum tightening with little or no removal of skin (minimal dermatocha
lasis) is required. Resultant scarring sti l l  exerts downward traction on the lower l id, although typically 
less than with skin or skin-muscle flap approaches. The incisions are within the lower conjunctiva! sac, 
going through the lower lid retractors to acquire access to the lower eyelid fat. One clear advantage is the 
absence of visible external incisions, but conjunctiva] hemorrhage is  often greater and hinders cosmetic 
concealment. D isadvantages include occasional difficulty in locating the proper tissue planes to iden
t ify the fat in respective compartments; inability to remove lower eyelid skin; inability to tighten lower 
eyelid laxity, which is  usually present; increased risk of i njury to the inferior oblique muscle by inex
perienced probing; and postoperative downward lid traction that can be both profound and surprising. 

1 4. What effect does blepharoplasty or tissue removal from the upper eyelid have on the posi
tion of the eyebrows? 

Most people requesting upper eyelid surgery have significant compensated eyebrow ptosis; that 
i s ,  they must contract the frontal is  muscle to effect comfortable, unobstructed forward and lateral 
vision. A c lue to this condition may be transverse forehead creasing or corrugation, but young people 
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and others with lots of subcutaneous padding may telescope the skin when the frontal is  muscle con
tracts and show no transverse wrinkl ing. IJ1 all people with compensated brow ptosis .  the brow pos
ture drops after upper  blepharoplasty. Therefore, all patients requ ire a careful preoperative 
evaluation that compares the eye-closed resting (uncompensated) and elevated (com ensated) brow 
posit ions with the corresponding eyes-open positions. Ful l  re laxation of the bro is often best 
achieved w ith the eyes closed. The position of the eyebrows with the eyes closed and the forehead 
relaxed is the position toward which the eyebrows wi l l  drop after an upper l id blepharoplasty with
out a concurrent procedure to secure proper eyebrow position. 

15. Does lower lid skin or skin-muscle resection change the shape of the eye? If  so, how? 
Resection of even a small or conservative amount of lower eyel id skin in  the presence of  a lax 

lower l id will result in aesthetically unpleasing results. Skin resection, in the setting of lower eyelid 
laxity, results in a rounded lower eyel id with increased scleral show, directly mirroring d1e triangular 
section of skin typically removed. This altered shape of the lower eyelid gives the patient a sadder and 
more tired appearance. A significant amount of corneal and conjunct iva! exposure with characteristic 
symptoms typically accompanies lower eyelid retraction, and ectrnpion may occur if laxity of the lower 
eyelids is  not addressed before or during lower eyelid blepharoplasty with a caniliopexy procedure. 

16. What are the most common causes of postoperative eyelid ptosis? 
The most common cause of postoperative ptosis is undiagnosed preoperative plosis. Ptosis (ble

pharoptosis) describes a drooping of the upper eyelid. In a patient undergoing cosmetic or functional 
blepharoplasty, the type of ptosis most commonly encountered is  due to dehiscence of the levator 
aponeurosis .  B lepharoptosi s  also accompanies asymmetric brow ptosis .  The more blepharoptotic 
upper eyel id is usually on the same side as the lower eyebrow. After traditional blepharoplasty the 
preexisting ptosi s  is  usual ly  exaggerated during the first 4-8 weeks postoperat ively because l i d  
edema adds weight to  the l id, thereby exaggerating the ptosis. Another common cau e is  accidental 
resection of the levator aponeurosis when the orbicu laris is  l i fted and resected. Other common 
causes include cicatricial restriction of l id opening and closing, usual ly as a result  of excessive tissue 
removal (especial ly fat), hemorrhage within the surgical field, and infiammation. 

1 7. How is blepharoptosis categorized? 
Congenita l  ptosis is present at the t ime of birth, whereas acquired ptosis occurs after birth. 

These broad categories can be div ided into additional types based on the specific etiology. Various 
terms describing both congenital and acquired varieties include dysmyogenic, myogenic, neuro
genic, involutional (or senile), aponeurotic, traumatic, c icatricial ,  mechan ical, and structura l .  M any 
of these descriptive c lassifications overlap; a disease process may fit  under more than one category. 

Myogenic (dysmyogenic)  blepharoptosis, the most common congenital type, results from dys
genesis or faulty development of the levator muscle. Much of the striated muscle is  replaced with fi
brous tissue and sometimes fat, resulting in l im ited contractile abi l ity and capacity to relax. A child 
with congenital myogenic ptosis may have unilateral or bi lateral involvement with decreased abil ity 
to open and close the eyes. Examples of acquired myogenic ptosis include muscular diseases, such 
as muscular dystrophy, oculopharyngeal dystrophy, or chronic progressive external ophdialmoplegia 
(CPEO), and orbital trauma with muscle injury. 

Neurogenic blepharoptosis resu l ts from faulty innervation of the upper l id ren·actors. Ptosis is  
profound with complete interruption of innervation to the levator muscle (d1fough the superior division 
of the oculomotor nerve) and subtle with interruption of the sympathetic innervation to the superior 
tarsal (Muel ler's) muscle. One example of congenital or acquired neurogenic ptosis is  Homer's syn
drome with sympathetic disruption, resulting in miosis, anhydrosis of fie skin, and mild blepharoptosis. 

Mechanical or traumatic blepharoptosis may result from any condition that interferes with 
the levator muscle or i ts  innervation. 

18. What is the treatment of postsurgical lagophthalmos? 
Postsurgical lagophthalmos ( inabi l i ty to close the eyelids completely or to cover the globe ade

quately on caudal gaze) is common. I t  is often temporary but may be pe1manent. l f  too much skin has 
been resected, the patient may have skin deficiency with a temporary or permanent lagophthalmos. 
Usually inherent mechanisms protect against it by dropping the brow dramatical ly. L cal anesiliesia 
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contributes to its appearance in the immediate postoperative period by blocking the orbicularis oculi 
more than the levator muscle. Postoperative edema of the upper lids during the first weeks after surgery 
commonly interferes with normal eyelid bl inking and may aggravate drying of the eye. We prefer to 
give all patients artificial tears and/or lubricating eye ointment for routine surgical aftercare. In general, 
30 mm of skin is required for a normal ly functioning lid with a nonnally positioned brow; less than this 
often requires l ife-long use of artificial tears, lubricants, and other measures to prevent drying. 

19. What forms the supratarsal fold? 
The upper eye l id supratarsal fold is also referred to as the upper eye l id or supratarsal crease. 

Supralarsal impl ies that the fold or crease is  above the superior border of the tarsus, but such is not 
always the case, part icularly in Asians. The crease is formed by insertions of  fibrous extensions of 
the levator aponeurosis into the skin .  It is  important to reestabl ish these connections during ble
pharoplasty so that the incis ion is  appropriately hidden within the l id crease. Of interest,  the l id 
always enfolds at the point at which the s l ing created by the aponeurosis and septum descends into 
the l id .  I ndeed, even with no fibrous connections into the skin, a l id fold would be created by the 
rotary motion of this s l ing, which surrounds the bal l -bearing-like orbital fat. 

20. What is the double eyelid operation often requested by Asians or people of Asian ancestry? 
Most people of East Asian ancestry, including those from China, Japan, Korea, and Southeast 

Asia, have a vis ible crease on the eyel id-at least during the first two or three decades of l i fe .  In 
many people they are quite wel l  formed. In others the l id folds begin to be vis ible only on the central 
to lateral part of the eyel id. Because this fold (or crease) divides the lid i nto two sections ( i .e . ,  the 
part above and the part below the crease), the eyel ids are referred to as double. An eyelid with no 
v is ible crease is referred to as single. These terms are uniformly used by most persons of East Asian 
ancestry. Often one eyel id is double and the other is single, or one l id  fold is s imply much more 
clearly defined than the other. Most people have an understandable desire for symmetry. The many 
different methods of lid fold creation fall into two groups: the c losed or suture technique and the 
open technique. The senior author (Flowers) has often used a combination of the two when a conser
vative l id  fold was desi red with minimal postoperative swel l ing and morbidity. 

In the closed techn ique, three or four t iny incisions are made at the desired level of fold cre
ation on the external lid to al low the knot of suture to disappear into the substance of the l id, with a 
suture closing the skin overlying it .  

Upper eye l id crease fixat ion using the closed or 
suture technique. A, The vert ical height of the tarsus 
is measured. B, The superior edge of the tarsus is  
marked on the skin.  C. Several smal l  incisions are 
made along the marked l ine. D and £, Ful l-thick
ness nonabsorbable sutures are passed through the 
eyel id to create eyel id crease fixation at the supe
rior edge of the tarsus. ( From Flowers RS: Upper 
blepharoplasty by eyelid invagination: Anchor ble
pharoplasty. C l i n  Plast S urg 20: 1 93-207. 1 993,  
with permission . )  



282 Blepharoplasty 

In the open technique, an incision is made across the l id .  Skin and/or muscle i excised, after 
which the pretarsal skin flap is attached to the tarsus, aponeurosis,  or both. If the fold is made smal l ,  
it can be attached to the conjoint tendon or the pretarsal extension of the aponeurosis . 

Open technique of upper eyelid crease fixation. A ,  
The orbital septum i s  opened, and the pretarsal ex
tension of the aponeurosis is dissected free from the 
pretarsal orbicularis. B and C, Pretarsal portions of 
the eyelid are debulked i f  needed. D and £, The infe
rior cut edge of the aponeurosis is secured to the 
edge of the pretarsal skin and the superior anterior 
tarsus using absorbable buried sutures. (From 
Flowers RS: Upper blepharoplast} by eyelid invagi
nation: Anchor blepharoplasty. Cl in Plast Surg 20: 
1 93-207, 1 993, with pennission.) 

In the combination technique, skin, with or without a sl iver of muscle, is removed just above 
the level of suture creation of the lid fold. The lid sutures are placed through the open portion of the 
l id,  and no additional small incis ions are necessary on the lid. 

A conservative medial epicanthoplasty is  helpful in achieving a long aperture and avoiding the 
appearance of esotropia and/or telecanthus. I t  also assists in creat ing a l id  crease that originates out
side or just above the remaining small epicanthus and looks maximally normal. 

B �(!D>-.... t 
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Flowers' modification o f  the Uchida 
medial epicanthoplasry. A, Mark the 
center point of the W 0.5- l .0 mm 
lateral to the desired medial  end
point of the canthus. B and C, The 
size of the W is varied with the size 
of the epicanthal fold. The V is 
made toward the medial canthus. 
D, The W incisions should not 
connect with the blepharoplasry in
cision. E, The W incision i s  typi
cal ly  closed with seven interrupted 
sutures. (From Flowers RS: U pper 
blepharoplasty by eyel id invagina
t ion: Anchor blepharopl asty. C l i n  
Plast Surg 20: 1 93-207, 1 993, with 
permission.) 
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21. Where is the peripheral arterial arcade of the eyelid located'? 
The peripheral arterial arcade is located superior to the tarsus between the levator aponeurosis 

and Muel ler's muscle.  Many of  these l i t t le arteries are wi th in the substance of  Muel ler's muscle 
where i t  inserts into the tarsus. Great care must be taken in placing sutures into the cephalad margins 
of the tcu·sus to avoid these vessels. PuncLLJre leads to hemon·hage into Muel ler's muscle, which oc
casionally causes l id  ptosis that may persist for 2 or 3 months after surgery. 

An arcade is also located in the lower eyel id  between the inferior tarsal muscle and lower 
eyel id  retractors. These peripheral arcades anastomose with the marginal arcades that are located 
near the lid margins of both upper and lower eyel ids. The marginal and peripheral arterial arcades 
serve as points of anastomosis between the internal and external carotid systems.  These arcades re
ceive contributions from the angular artery, which is a branch of the facial artery from the external 
carotid system, and from the terminal portions of the orbital artery, which arises from the internal 
carotid system. 

22. When is a coronal l ift contraindicated? 
l .  When one or more previous blepharoplasties have excised too much skin from the upper eye

l ids. Further brow elevation wil l  result in lagophthalmos. 
2 .  When manual elevation of the brows preoperatively reveals l id retraction with exposure of 

the upper l imbus. In such cases a frontal l i ft should be performed only with a levator-lengthening 
procedure. 

3. When a deep and unattractive hollowed-out upper lid is exposed or made worse by manual 
brow elevation, simulating the results of a surgical frontal l i ft .  

4. When smal l  eyelid apertures (measured horizontally, medial to lateral)  are present. This  is  
particularly relevant in men. 

23. When is it appropriate to resect frontalis muscle? 
Rarely, i f  ever. Sometimes a combination of blephcu·oplasty and frontal l i ft is requ ired to el imi

nate transverse forehead wrinkling, especially when brow ptosis is profound and clermatochalasis or 
pseucloblephcu·optosis of the eyelid i advanced. 

24. Why does the medial brow commonly drop after blepharoplasty and/or elevation of the 
lateral brow'? 

The frontal is muscle inserts more effectively into the medial brow than into the lateral brow. 
When most people raise their eyebrows, the medial encl elevates more than the lateral brow. The thin 
residual lateral overhang drives the frontal is contraction, causing an overcorrection of  the medial 
brow to elem· adequately the lateral upper l id overhang. When the lateral overhang is  cleared through 
either blepharoplasty or lateral brow elevation (via direct excis ion or frontal l i ft ) ,  the medial brow 
wil l  always drop. The cause is frontalis muscle relaxation. 

25. How does one plan a medial epicanthoplasty? 
Prominent ep icanthal folds are common in many people, part icu larly Asians. These l i tt le 

canopies covering the medial apertures are best corrected wi th a smal l  W-shaped incision, wi th the 
wide part of the W facing laterally and the small part facing medial ly. The middle portion of the W 
should be level with and point directly to the medial canthus. After completion of the design, exci
sion of small skin triangles from the wings of the W follows-often joined centra l ly  by a 1 -2-mm 
bridge. Closure i s  done with interrupted 6-0 sutures .  This is  an excel lent techn ique for removing 
small or large epicanthal folds common to all races. We bel ieve that the most effective approach to 
epicanthal folds is this Flowers modification of the Uchida "spl it V-W" epicanthoplasty. (See figure 
at bottom of previous page.) 

26. How does one avoid lash or lid eversion and areas of lid retraction associated with invagi
nation blepharoplasty? 

In performing an i nvag inat ion blepharoplasty, the surgeon must  take care not to attach the 
pretarsal skin segment under excessive tension when anchoring i t  to the tarsus and/or aponeurosis .  
Tension on the pretarsal skin causes the eyelashes to evert or turn upward, g iv ing an abnormal 
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"surprised" appearance, whether the procedure is  done in Asians or Caucasians. Tension on the pre
tarsal skin can be adjusted by changing the level at which the skin is  anchored on the tarsus. Careful 
measurements of the height of the tarsus and the amount of skin for re ection during blepharoplasty 
should be part of the preoperative assessment. In most nonnal adults a minimum of 30 mm of skin be
tween the eyebrow and eyelashes should remain to al low attractive l id contour and nonnal funct ion. 
The amoun t  of excessive skin overhang obscuring the pretarsal l id mult ip l ied by two gives an ap
proximation of how much skin needs to be removed. One-and-a-half to 2 mm should be added to the 
pretarsal measurement to al low for the tightly stretched skin and invagination "turn-in" and another 
mi l l imeter to accommodate the distal encl of the overhang. 

27. Are wedge resections and tarsal strip canthopexies recommended procedures for tighten
ing the lower lid? 

Various techniques are available for tightening the lower l id .  Trad itional wedge resections usu
ally shorten the aperture and sometimes result in notching of the l id margin. Thus, they should be re
served for gaping ectropions. The tarsal strip procedure, if clone properly on carefu l ly  selected 
patients, may prove extremely helpfu l .  Our preferred technique for tighteni ng the l ower lid in  the 
vast majority of patients is  a canthopexy anchoring the lateral ret inaculum of the lower eyel id into 
the bone just inside the lateral orbital rim .  Anchoring the ret inaculum into bone results in a tighten
ing and/or lateral canthal l i ft and provides permanent and secure lateral canthopexy with long-term 
excellent results. Wedge resections fai l  to correct the commonly dropped tilt of the intercanthal axis 
lid while shortening the lid aperture. 

28. What are the pros and cons of' the endoscopic forehead lift? 
The main advantage of  the endoscopic forehead l i ft is  less total scar l ength on the scalp, 

which may be of part icular benefit for men or even women with various balding patterns. Another 
advantage is  a potential for less bleeding because fewer scalp vessels are cut in the process. Usually 
only 3-5 incisions measuring 1 .5-2.0 cm are made within the hairl ine for endoscopic techniques. 

The disadvantages of the endoscopic forehead l ift are numerous. Complete removal of the cor
rugator muscles, which is one of the most important aspects of forehead l i ft ing, is difficult. It is also 
more difficult to ident i fy t issue planes accurately, which increases the risk of injury to important 
motor branches of the facia l  nerve. I t  i s  far more di fficu lt to perform periosteal anchoring flaps for 
extra help in posi t ioning the eyebrows-especially with asymmetrically ptotic brows. Another major 
problem is that canthopexies into the bone are far more difficul t  through an endoscopic approach. 
Lastly, the bl ind subperiosteal dissection leads to common transection of aberrant or anomalous 
courses of the supraorbital and supratrochlear nerves. 

An open techn ique al lows thorough v isual ization of the corrugator, depressor superc i l i i ,  and 
procerus muscles; access to the periosteum above the orbital rim for periosteal flap anchoring proce
dures; good access to the orbital rim for canthopexies and contouring; and ful l  and comprehensive 
v isual ization of the tissue planes. 

29. Are transblepharoplasty methods of corrugator muscle resection and brow elevation ef
fective for eliminating deformity'? How do they compare with other techniques? 

Transblepharoplasty approaches may improve the deformity but do not compare with the effec
tiveness of a direct maximal excision. When removal of the corrugator muscle is incomplete, there 
are other methods to decrease the corrugator frown,  such as repeated injections with botul i n  um 
toxin, collagen injections, cutting the motor nerve to the corrugator, or placement of al loplasts. But 
these are ways of compensating for an operation that failed to achieve its goal . The route to the cor
rugator muscles through a blepharoplasty incision is lengthy and somewhat tedious. making precise 
corrugator removal without injury extremely difficult .  Prec ise identi fication of the supratrochlear 
nerve and i ts isolation from the corrugator muscle before muscle exc ision become qui te d ifficult .  
Transblepharoplasty approaches, in our opinion, are typically i nadequate for complete removal of 
the corrugator muscle. 

30. When is a direct excision of lower eyelid skin indicated? 
Direct excision of varying amounts of lower eyel id  skin is  often indicated for patients who 

have true excess rather than merely a dropped lid posture or pseudoexcess. Extreme care must be 
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taken so that skin removal does not result in a pull ing clown or rounding of the lower eyelids. This 
problem always occurs unless some type of l id support procedure or canthopexy is  also performed. 
Counsel a l l  pat ients about the imposs ib i l ity of completely removing the wrinkles of the l ower 
eyel id-especial ly during smil ing. Often some type of resurfacing, e ither with laser modal i t ies or 
chemical peel, may be the preferred treatment, but consideration should be given to canthopexy sup
port. Skin may, of course, be removed independently or as a portion of a skin-muscle flap, depend
ing on the surgical procedure. Our preference is a short skin flap combined with a muscle procedure 
near the base of the skin flap, which gives access to the deeper tissues of the l id.  It is unusual to need 
more than several mi l l imeters of lower eyelid skin removal. 

31 .  What is the best method to rid a patient of the deep grooves commonly present near the 
junction of the eyelid and cheek skin? 

Deep grooves near the junction of the eyelid and cheek are either tear trough deformi t ies or na
sojugal grooves. With the tear trough deformity, the problem is primari ly a bone defect. The nasoju
gal groove represents the muscular deficiency between the orbicul<u-is ocu l i  muscle and the angular 
head of the levator labii superioris ( levator labii superioris alaque nasi). 

Different techniques have been used through the years. Loeb, Flowers, Hamra, and others have 
described techniques in  which pedicles of orbital fat are mobil ized into these areas. Free fat can be in
jected or transplanted as another method. The Flowers tear trough implant is  the best option when a 
palpating finger c learly discerns and defines a suborbital malar bony defect. In such instances, an 
eyelet cut within the implant accommodates passage of the infraorbital nerve. The implant fits nicely 
into the defect, allowing attachment to the inferior orbital rim periosteum. Small  holes made through
out the implant al low t issue ingrowth and fixation. Implants may be i nserted through subc i l iary, 
transconjunctival, intraoral, or direct incisions, but the transconjunctival incision is best reserved for 
patients without prominent supraorbital ridges. Free grafts commonly leave irregularities, and fat in
jections leave palpable and often vis ible ridges, which are unacceptable to patients. 

32. How does one permanently secure the brow into its desired (elevated) position? 
Many techniques have been used. Surgeons involved in  endoscopic brow-l ifting sometimes use 

screws, plates, or perrnanent sutures to anchor the brow until adequate heal ing and fibrosis are able 
to secure the brow in  i ts new position. Similar techniques can be used with open large flap proce
dures, but fixation hardware is less frequently required. With the open procedures, markedly im
proved fixation is  avai lable by removal of the superficial  temporal fascia or subgaleal t issue i n  the 
parietotemporal area. This method al lows good fibrosis of the forehead flap to the sku l l .  It is easy to 
overcorrect the medial brow and difficult to adequately correct the l ateral brow. For these reasons, 
periosteal flaps are often used in developmentally low brows as a method for securing them into an 
elevated location. S uperiorly based periosteal flaps are inserted i nto an incision made within the eye
brow hairs at the junction of the medial and lateral thirds of the eyebrows. The flap is take.n just at 
the border of the temporal is  fascia.  This technique l imits the caudal descent of the brow, but the 
brow can still be raised by frontal is  animation. It is  far better than methods that fix the brow in place 
without al lowing movement. 

33. What is Whitnall's ligament? 
It is a condensation of the sheath overlying the anterior superior part of the levator muscle.  

Medial ly, i t  arises from connective tissue of the frontal bone posterior to the trochlea. Laterally, it at
taches to the capsule of the orbital lobe of the lacrimal gland and to the frontal bone portion of the 
lateral orbital wall approximately I 0 mm above the lateral orbital tubercle. This structure is the point 
at which the direction of pull  of the levator muscle changes from a horizontal to a vertical direction, 
and i t  serves to l imit  the elevation of the eyel id with check l igaments. During blepharoptosis proce
dures it is important not to suture Whitna l l 's l igament to the tarsus or other eyelid structures because 
this may result in a permanent lagophthalmos or inabi l i ty to close the eyes. The superior transverse 
l igament was first described by Whitnall in 1 9 1 0. 

34. What is Lockwood's ligament'? 
It is a hammocklike system with contributions from the inner muscular septae, Tenon's capsule, 

and the lower eyel id retractors. Posteriorly, Lockwood 's l igament arises from fibrous attachments 
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from the inferior side of the inferior rectus muscle and continues anteriorly as the capsular palpebral 
fascia  and lower eyel id retractors. This suspensory system has medial and lateral horns that extend 
into the retinacula. The medial retinaculum, in tum, attaches to the posterior lacrimal crest, and the 
lateral retinaculum attaches to the lateral orbital tubercle of Whitnal l .  The suspensory system of the 
globe was init ial ly described by Lockwood in 1 886. 

35. In patients with eyelid l iner tattoos, where should the lower eyel id blepharoplasty inc i 
sions be placed? 

If  a person wants the tattoos removed, a subci l iary incision superior to the tattoo usual ly a llows 
its eradication, provided that sufficient lower l id skin is present. Do not forget the supporting maneu
ver. If the patient wants to preserve the tattoos, make the lid incision just at the caudal margin of the 
tattooed eyeliner. This method helps to prevent the eventual "bleed" of the tattoo pigment into eyel id  
skin. Tattoos on the gray l ine cannot be removed. 

36. Which cranial nerve innervates the lacrimal pump that drains the tears? 
The seventh cranial nerve innervates the orbicularis ocu l i .  The deep heads of the medial pre

tarsal and preseptal orbicularis ocul i  contract and exert traction on the fascia immediately lateral to 
the lacrimal sac, known as the lacrimal diaphragm. This traction during contraction of the orbicularis 
creates a relatively negative pressure within the lacrimal sac that draws tears through the puncta and 
cannal icul i  into the lacrimal sac. Relaxation of the orbicularis ocul i  a l lows the lacrimal sac to col
lapse, and the tears traverse the nasolacrimal duct to the nose. 

37. During blepharoplasty, where is the "white" fat? 
The medial or nasal upper eyelid fat typically has a color that is  paler-white or yellow-white

than other fat of the eyelids and orbit. The lateral fat of the upper eyelid has a deeper yellow color. 
The medial fat pad of the upper l id may move anteriorly more prominently than the other fat pads, 
resulting in a large bulge of the upper medial eyelid just inferior to the trochlea of the upper medial 
orbit. Often there is  a hollowed-out defect in the area between the white medial fat c mpartment and 
the lateral "yellow" fat compartment, where the nasal portion of the aponeurotic sling housing the 
fat migrates superiorly. 

DISCLOSURE 
The tear trough implants discussed in this text were designed by Robert S.  Flowers, M.D., and manufac

tured by Implantech. Currently they are m arketed by Mentor Corporation. Dr. Flowers receives a small royalty 
for each pair of implants purchased. 

NOTE 
The authors retain the copyright to this chapter, which is used here with their permission. 
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5 4 .  TH E N ASOLABIAL FOLD 

Marcello Pan ta lon i ,  M D ,  a nd Jeffrey Weinzweig , M . D .  

1 .  What are the nasolabial crease (NLC), nasolabial fold (NLF), and malar fat pad? 
The NLC, or su lcus, is  the facial l ine between the upper lip and cheek, extending from the alae 

nasi to the l ip commissure. The crease may extend superiorly to the side of the nose and inferiorly 
below the commissure. The NLF is the bulging fat pad and skin lateral to the N LC. The malar fat pad 
is the triangular fat pad with its base along the NLC and, in young people, i ts apex along the body of 
the zygoma. It l ies over the zygomaticus major muscle, levator labii superioris muscle, and orbital 
portion of the orbicularis ocu l i  muscle. 

2. What are marionette l ines? 
B i l ateral inferior extens ions of the NLC below the commissure resemble the vertical l ines on 

the lower face of a ventriloquist's dummy and are thus referred to as marionette l ines. 

3. What is one of the more noticeable aesthetic changes between a young adult and the same 
person 30 years later? 

Deepening of the NLC and accentuation of the fold with concomitant inferior, lateral, and ante
rior displacement of the check mass and the tissue lateral to the fold occur with aging. The inferior 
migration of the cheek mass leaves a noticeable hol low in the infraorbital area. 

4. What is the anatomy of the NLF area? 
In the superficial l ayer the subcutaneous tissue from the adjacent cheek area crosses the NLF in 

the upper l ip,  where i t  changes to a dense, thin fascial-fatty layer closely attached to the skin and to 
the superficial portion of the orbicularis oris muscle. Beneath the subcutaneous tissue the submuscu
lar aponeurotic system (SMAS) extends across the NLF and merges with the superficial portion of 
the orbicularis oris muscle of the upper l ip. The deep layer of the orbicularis oris muscle merges 
with the superficial layer at the NLF, together with the SMAS. 

5. What are mimetic muscles? What is the relationship between the SMAS and the mimetic 
musculature near the NLF? 

The mimetic musculature is  composed of individual muscles that receive their innervation from 
the facial nerve and are responsible for facial movement The mimetic muscles and superficial facial 
fasc ia ( S M AS)  function as a single anatomic un i t  i n  producing movement of the facia l  skin. The 
S MAS is intimately associated with the mimetic muscles; muscle contracture is translated into move
ment of overlying facial skin through the vertical fibrous septa extending from the S MAS into the 
dermis .  Anatomically the SMAS divides into superficial and deep fascia! leaves and invests or sur
rounds the superficia l ly lying mimetic muscles (platysma, orbicularis ocul i ,  zygomaticus major and 
minor, and risorius).  The investiture of the mimetic muscles by the S MAS forms a s ingle functional 
anatomic layer with muscle and fascia working in continuity to produce movement of facial skin. 

6. What is the anatomic and clinical difference between the tissue medial and lateral to the NLC? 
The t issue medial to the crease has subcutaneous muscle attachments that protect against the 

effect of gravity. Lateral to the crease the muscle does not insert into the skin and thus remains with
out deep support For this reason, the lateral tissue descends at a quicker rate than the medial t issue. 

7. What are the retaining l igaments of the face? 
Facial skin is supported in normal anatomic position by retaining l igaments that run from deep, 

fixed facial structures to the overlying dermis. The two types of retaining l igaments are ( I )  true os
teocutaneous ligaments, which are a series of fibrous bands that run from periosteum to de1mis (e.g. , 
zygomatic and mandibular l igaments), and (2) supporting l igaments formed by a coalescence be
tween the superficial and deep facial fascias in certain regions of the face (e.g. ,  parotidocutaneous 
and masseteric cutaneous l igaments). (See figure at top of next page.) 
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ZYGOMATICUS MINOR M. 

�rlm;;,..:...+---- ZYGOMATICUS MAJOR M. 

""'°'fM.�---,,.,,1--- MASSETERIC CUTANEOUS LIGAMENTS 

"'f>..-2'��"""�:1---- RISORIUS M. 

Facial soft t issue is supported i n  normal anatomic location by a series of retain ing ligaments. The zygo111atic and 
mandibular l iga111ents are exa111ples of osteocutaneous l igaments that originate from periosteu111 and insert di
rectly into der111 is. The masseteric and parot id cutaneous l igaments are formed as condensations between the su
perficial  and deep facial fascias. Rather than orig inating from periosteum, these l iga111ent originate fro111 
relat ively fixed facia l  structures such as the parotid gland and the anterior border of the rnasseter muscle.  
Artenuation of support from these ret aining l iga111ents is responsible for 111any of the st ig111ata seen in the aging 
face, including deepening of the NLC and increased pro111 inence of the NLF. (From Stuzin JM, Baker TJ, Gordon 
HL:  The re lationship of the superficial  and deep fac ial fasc ia: Relevance to rhytidectomy and aging. Plast 
Reconstr Surg 89:44 1 ,  1 992, with per111 ission.) 

8. Which of the retaining ligaments suspend the malar fat pad? 
The zygomatic l igaments, which are a series of fibrous septa that originate from the periosteum 

of the malar region. They begin where the zygomatic arch joins the body of the zygoma and continue 
over the malar eminence. A particularly stout l igament originates along the most medial portion of 
the zygoma near the zygoma.ticomaxi l lary suture. The fibers composing the zyg ma.t ic l igament 
extend through the ma.la.r fat pad ( McGregor's patch) and attach to the dermis of the mala.r skin to 
suspend the fat pad over the underlying zygomatic eminence. 

9. Does any other anatomic structure contribute to supporting the malar fat pad? 
The max i l l ary eminence. Patients with a greater anterior slope of the maxi l l a  have increased 

support of the cheek tissue and less prominent NLF. 

10.  What is the cause of a prominent NLF'? 
Aging is associated with attenuation of the zygomatic retaining ligaments. Because of l igamen

tous laxity, the malar soft t issue m igrates downward along the direction of the zy � omaticus major 
muscle, bulging against the N LC. The skin lateral to the crease stretches and becomes redundant, 
forming a prominent NLF. 

1 1. What are the sequential migration vectors of the cheek mass? 
Initially, the migration vectors are inferior and parallel to the contraction of the mimetic muscles 

and perpendicular to the NLC. When inferior movement is  restrained by the de1mal-fascial attachments 
of the NLC, the tissue sl ides laterally and anteriorly over the crease with accentuation of the N LF. 

1 2. What is the role of midface muscle in a prominent NLF? 
The mimetic muscle contraction transmits a shearing force on the fascia! attachments between 

the S MAS and overlying subcutaneous tissue and skin. The malar fat pad m igrates downward and 
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forward, producing a prominent NLF. Accentuated contraction of the levator muscle, as seen with 
sm i l ing, pul ls cephal ically and deepens the NLC with further bulging of the ptotic fat pad. 

13. What is the effect of facial nerve paralysis on NLF appearance? 
Facia l  nerve paralysis results in less prominence of the fold because the t issue medial to the 

crease no longer has underlying support and descends i n  a s imi lar fash ion to the lateral t issue. 

14. What can you inject or insert in the NLC to improve its appearance? 
Both autologous tissue and implants may be used. Fat and collagen can be injected in the N LC. 

In addit ion, fat, dermis and dermal-fat grafts as well as s i l icone and Gore-Tex implants are often in
serted beneath the N LC. 

15. When should fat injection of the NLC be considered? 
Fat injection of the N LC is used rarely. This technique is considered in patients who wish to 

avoid more aggressive and defin i t ive procedures. The best candidate for fat inject ion is the patient 
with thick skin and sl ight prominence of the fold. 

16. Who is the best candidate for direct crease excision? 
The patient wi th a deep crease, thin skin (a rare combination), and a fold that i s  not very promi

nent i s  the best candidate for crease excis ion. 

17. What can we offer a patient with thick skin and slight fold prominence who prefers a min
imally invasive procedure? 

Fat injection or a dermal-fat graft may be used. The fat is obtained from the deep plane of the 
lower abdomen and injected beneath the crease after releasing the fibrous bands between de1mis and 
muscle. With this technique it is important to overcorrect; the result is unpredictable because of the 
variable survival of the i njected fat cells .  

The dermal-fat graft may be harvested from the suprapubic area or groin and i nserted beneath 
the crease after releasing the bands and undermin ing the NLF. The thickness of the graft must be d i
rectly proportional to the thickness of the sk in .  The graft thickens the soft t issue and prevents reat
tachment of fibrous bands to the dermis .  Some surgeons use a SMAS graft. For both techniques the 
principal advantage is the minimal scar; the d isadvantage is the unpredictable and modest improve
ment achieved. 

18. How can the malar fat pad be repositioned? 
Elevation and t ightening of the skin-subcutaneous flap or the SMAS flap can reposi t ion the 

malar fat pad. 

19. How extensive need the SMAS dissection be to elevate the malar fat pad to its original po
sition and decrease NLF prominence? 

The SMAS dissection must reach the malar region, cont inuing medially beyond the area of sub
cutaneous undermin ing over the inferolateral orbicularis ocu l i  muscle. The zygomatic and masse
teric l igaments must then be released as wel l  as the l igaments medial to the zygomaticus m i nor 
muscle. The d iv is ion of these restraints al lows greater mobi l i ty of the malar port ion of  the SMAS 
and the NLF. The malar fat pad, along with the SMAS, is repositioned over the zygomatic eminence, 
perpendicular to the NLC and para l lel to the zygomaticus major muscle. The amount of undermin
i ng varies for each patient;  for severe midface lax i ty and m igrat ion of the fat pad, undermi n i ng 
should reach the NLC leve l .  

20. With the extended SMAS dissection, what step should be performed at the level of the zy
gomaticus major muscle to maximize resuspension of the malar fat pad? 

Because of the tethering effect of the mimetic muscles, to which the S MAS is  closely attached, trac
tion exe1ted on the cheek flap is not transmitted to the NLF. This tethering effect is maximal at the bony 
origi.n of the zygomaticus major muscle. To maximize the traction on the NLF prominence, the S MAS is  
transected a t  the level of  the zygomat icus major muscle and the dissection is continued above the super
ficial leaf of the SMAS. This maneuver frees the SMAS from the attached mimetic muscles and allows 
the force pull ing on the skin and fat superior and lateral to the NLC to be transmitted to the NLC. 
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21 .  What change do you expect in  the NLF with superior and lateral SMAS pul l ing without 
releasing the SMAS from the zygomaticus major muscle? 

The pul l ing of the SMAS shortens the mimetic muscles between the modiolus and their bony 
origin. The overlying soft tissue moves for a smaller distance than the muscle. The pull is  tran m it
red from the S MAS to the orbicularis oris muscle medial to the crease. The medial tissue moves su
periorly and laterally for a greater extent than the lateral tissue, which is  attached Jes strnngly to the 
underlying structures. The consequences of these dynamic changes are deepening of the NLC and 
accentuation of the NLF. A sim ilar s i tuation can be seen during smi l ing. The acti ons of the zygo
maticus major muscle and deep orbicularis oris muscle transmit a simi lar pul l ing to the medial t issue 
via the joining structure, the SMAS. 

22. In the malar fat pad suspension technique, the fat pad vector is the skin flap. Describe this 
approach. 

The skin-subcutaneous flap incorporates the malar fat pad, which needs to be completely dis
sected from the underlying retaining l igaments. The platysma-SMAS flap is elevated as needed. A 
fixation suture is sewn from the apex of the fat pad to the superficial fascia of the malar eminence or 
deep temporal fascia. The suture is  placed along a l ine perpendicular to the NLC about 2 cm above 
and I cm in front of the ear until the pad is maximally elevated. 

23. When the malar fat pad is based within a skin flap vector, what is the d irection and the 
amount of fat pad lifting needed to correct the NLF? 

The direction of the l i ft ing is superolateral and roughly perpendicular to the crease. With mi ld 
laxity the fat pad can be repositioned and adequately supported by the cheek flap alone. With more 
severe laxity a wider and stronger reposi tioning is needed, necessitating a suspension technique. 

24. What is the role of suction-assisted l ipectomy in  corrective surgery of the 1\LF? 
After raising the SMAS for the extent required to obtain reposit ioning of the ptotic malar pad, 

any residual fullness of the NLF area can be sculpted under direct vision using a 3 or 4 mm l iposuc
t ion cannula. Al ternatively, d irect excis ion of fat in th is  region can be performed. but the r isk of 
bleeding is higher with this technique. 

25. What is the role of the subperiosteal approach in corrective surgery of the NLF? 
The subperiosteal approach allows detachment of the central third of the face at the subperiosteal 

level. After SMAS and subcutaneous dissection, superior and lateral pull ing al lows transmission of 
the forces to the full thickness of the NLC and NLF areas that are completely freed from the underly
ing bone. Movement of the tissue to a higher and more lateral position resul ts in flattening of the NLF. 

26. What is the recommended amount of undermining below the fat pad to correct the NLF? 
The amount of unde1111ining varies for each patient but should be extensive. For mild midface laxity 

and mildly prominent NLF, the unde1111ining should extend beyond the malar eminence over the infero
lateral orbicularis oculi muscle to the origin of the zygomaticus major muscle. For more severe m idface 
laxity and migration of the fat pad, the entire fat pad should be uncle1111ined to the level of the NLC. 
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5 5 .  RHYTI DECTOMY 

Rexford A Peterson ,  M D ,  FAC S . ,  Tia Peterson ,  
and Daniel C Mills, I I ,  M D ,  FACS.  

1 .  What i s  a face l ift? 
A face l i ft is a mult iproceclure surgical operat ion for the purpose of rejuvenat ion of the facial  

contours, including all regions of the face and the anterior and lateral cervical areas. 

2. What is the most important first step in face l ift surgery? 
Diagnosis. When a physician arrives at a diagnosis, the appropriate treatment is usual ly c lear. 

In face- l ift surgery, the detailed structure-by-structure observat ion, examination, and evaluation of 
the cerv icofacial regions form a valuable diagnostic record that points to the appropriate surgical 
approach.  Recommendat ions for aesthetic fac ial corrections may be custom-designed for each 
person, while envisioning future needs for the maintenance and preservat ion of the improvement to 
be gained. If your patients have simi lar vis ion and the wi l l  and abi l i ty to pursue the same goals, a 
continuing, more youthful appearance may be preserved for as long as 1 5  years. 

3. To determine the proper facial rejuvenation procedure(s) for any patient, what else must 
you know? 

In order to achieve patient sat is faction. it is essential  to ascertain the patient's goal(s) .  Many 
patients present themselves having already . .  diagnosed" their si tuation and "prescribed" their treat
ment. (They have already decided they would l ike a face l i ft before an appointment with a plastic 
surgeon is scheduled.) For instance, patients may come to you saying they want "l iposuction" of the 
anterior neck, th i nking i t  w i l l  " l i ft" the neck and cheeks, whereas a S MAS ( superfic ia l  muscu
loaponeurotic system) face l i ft or "composite" face l i ft would be required to achieve that goal . 

ln order to give the best advice to aesthetic plastic surgery patients, it is necessary to understand 
1heir goals in rejuvenation surgery. Understanding comes from lis1e11i11g to the patient. It is also neces
sary to evaluate objectively all the features of the head, face, and neck regions. Preoperative Evaluation 
and Recommendation fo1111s6 provide excellent meclicolegal data, which reveal the scope of your exam 
and observations. The evaluation should be a careful, thorough record of all areas of the face and neck. 

After l i stening to the patient's goals and recording a complete fac ial evaluation, the surgeon 
writes a menu of recommended face-l i ft and anci l lary procedures considered ideal for the pat ient 's 
facial conditions. 

4. What are the different types of face-lift procedures? 
There are four basic types of face-l ift surgeries: 
l .  Skin only 
2 .  Skin and submuscular aponeurotic system (SMAS)-platysma 
3. Skin and SMAS-platysma and mid-face suspension 
4. Deep plane and/or a combination of l ,  2, and 3 

5. Which do you recommend for a patient who has never had a face lift? 
The recommendation depends on the results of the evaluation. A skin-only face l i ft is  recom

mended if the primary face-l i ft patient has early laxity and rhyticls of the face and neck skin but 
does no/ have platysmal cords, SMAS laxity, jowls, marionette clown l ines, submalar concavity, 
or any other feature of  deep fac ial  t issue re laxation clue to aging.  The presence, degree, and 
extent of SMAS-platysmal laxity and contour abnormal i t ies determine the type of  face l i ft to be 
recommended, and the cho ice of addit ional concomitant procedures such as areas of  l iposuction, 
chin or malar augmentation, mid-face suspension, l ip augmentation, chin contouring, foreheacl
brow l ifting, and perhaps others. 

lf the SMAS-platysma and nasolabial t issues are ptotic, the skin is  also ptotic, for these mus
culofascial tissues are of /he skin. Hence, one recommends a skin and deep-layer (SMAS-platysma) 

29 1 



292 Rhyt idectomy 

face l ift, at the least. Early, before skin redundancy and rhytids have become pronounced, skin-only 
l i fting may suffice but also may be combined with endoscopic l i fts. l f  the deep t issues need l i ft ing 
in al l  regions, i t  is  our opinion to rely on double-layer, skin, and deep-tissue l i ft ing techniques . 

6. What are the indications for pl ication of the medial margins of the platysma in a primary 
face l ift? 

Ptosis of the platysma in the anterior cervical region, with the presence of redundant, lax medial 
platysmal bands or cords. 

7. Would you do another SMAS-platysma deep-tissue lift on a person who had one several 
years before? 

A previous complete SMAS l ift may well contraindicate a secondary extensive deep-layer l i ft, 
because the S MAS may be thinner and more difficul t  to dissect, thus risking injury to the facia l  
nerve. An  alternate option would be  a plication of  the cheek and mandibular area SMAS (as  recom
mended by Skoog 1 1 ) and a secondary l ift-imbrication of the platysma. 

8. What would you recommend for a patient who has had an extensive SMAS lift and desires 
further l ifting? 

You cannot answer this question without a thorough re-evaluation to establish a new diagnosis 
and surgical treatment plan. However, these and all face-l ift patients wi l l  be significantly improved 
by skin-only l i fts, with small to moderate dissection-undermining. These cheek-and-neck tucks may 
be combined with pertinent corrections of the deep tissues, such as pl ication of the cheek SMAS,  
l ifting and imbrication of  the p latysma, mid-face suspension, medial pl atysmal pl ication, e tc . ,  as  
may be indicated by the patient's diagnosis. 

@1991 FtA.P. @1991 R.A.P. 

Leji, Skin-only min i - l ift. Incision schematic for a min i-tuck or secondary cheek luck, showing placement of a 
temporal hairline incision to avoid obliteration of !he temporal sideburns as well as the skin undermining dissec-
1ion and l i ft vectors. The incision into the facial nap at the ear lobe is directed toward the mentum. Righi. Skin
only midi-l ift. Incision, skin undermin ing, and left vectors for a "midi-tuck" procedure. (Cop,right © 1 99 1 ,  R.A. 
Peterson, M.D. ,  F.A.C.S. ,  with pennission.) 

9. What are the indications for a secondary skin-only face lift? 
Recurrent minor skin laxity of the face and neck after a previous face l ift of any type. 

10. Do repeated tucks cause a drawn or "face-lifted" appearance? 
No. The min imal skin undermin ing dissection prevents a drawn appearance. The facia l  con

tours, expressions, and skin continue to look good and natural. Such patients usu.a l ly have a better 
appearance 1 5-20 years after a primary face l ift than they had before their first operation. However, 
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an excessively " l i fted" appearance wi l l  result if secondary operations remove additional temporal 
and/or postauricular hair-bearing skin. A high hairl ine thus created is  d isfiguring and a stigma of a 
poorly planned operation.7 

11. What is the best secret in  face- lift surgery? 
First l i ft ,  then . . .  tuck . . .  tuck . . .  tuck. 

12. When does a patient need a deep-plane l ift of the mid-face? 
When there is ptosis of the mid-face (the region medial from the lateral canthi of the l ids to the 

corners of the mouth) .  Ptosis may include significant nasolabial and nasojugal creases, marionette 
clown l ines, and sagging of the malar tissues below the in fraorbital rim. 

13. What contours are rejuvenated by a mid-face l ift? 
The contours of the infraorbital, malar, and submalar areas become more youthfu l  in appear

ance. The downward marionette l ines from the oral commissures and the adjacent cheek contours 
are improved and may even be eradicated. 

14. What is the vector of l ift in a mid-face suspension"? 
In a l ine that is perpendicular to the nasolabial fold, from the lateral nasal ala to the lateral can

thus of the eyelids.  

Leji, Mid-face suspension incis ions. Through a lower blepharoplasty incis ion a pocket i s  d issected clown to 
the deep plane to mobil ize the t i ssues of the m id-face. This pocket i s  packed, and an incision is  made in the 
temporal scalp to the p lane between the superficial  portion of the deep temporal fascia and the superfic ia l  
temporal fascia. The p lane is  dissected down to and along the zygomatic arch and connects wi th  the dissec
tion of the mid-face. Righr, Mid-face suspension. A suspension suture is  p laced via the blepharoplasty ap
proach in  the SOOF as we l l  as in the the periosteum. The suture ends are drawn up through the temporal 
inc is ion area and anchored on the superfic ia l  portion of the deep temporal fascia.  The vector of l i ft i s  90° 
from the nasolabial l ine.  (Copyright © 1 996, D.C. M i l ls ,  M.D . ,  F.A.C.S . ,  with permission . )  

15. How are the l ifted tissues of the mid-face anchored? 
To maintain the l i ft of the mid-face, i t  is  necessary to anchor the t issues to something unyield

ing, such as through the periosteum at the suborbicularis ocul i  fat (SOOF) into the superficial por
tion of the deep temporal fascia. Suspension to nonstable t issues, such as other fat or S MAS, does 
not give as good a resul t .  

16.  What are the indications for an endoscopic face l ift? 
An endoscopic face l i ft is  a valid procedure for young patients having mid-face ptosis without sig

nificant skin laxity of the face or neck. However, it is not indicated for every face-lift patient and is not a 
substitute for the open face l ift requiring correction of laxity of tl1e skin, S MAS, platysma, and mentum. 
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Small temporal and preauricular incisions provide endoscopic access for l ifting and suspension 
of the deep t issues, including the malar region periosteum. The mid-face endosc pie l i ft may be 
combined with an endoscopic forehead-brow l i ft and upper/lower blepharoplastie . These proce
dures are less invasive than l arger, open-technique l ifts. 

I f  using an open face-lift technique, there is  no need to extend the dissection endoscopically, as 
a fiberoptic retractor provides direct vision for the mid-face suspension procedures. The methods of 
face-l i ft techn iques you may choose will have evolved i n  continuum from the works of Skoog, 
Mi l lard, Peterson, Owsley, Connel l ,  Tessier, Ortiz-Monaterio, Hamra, Ramirez, S tuzin, Heinrichs, 
and subsequent face-l ift authors. 

17. What are the common tell-tale signs of face-lift surgery? 
• Visible scars (from poorly planned incisions and l ift dynamics) 
• Overlifting of the temporal hairline 
• Stepped occipital hairline 
• Distorted traguses and distorted auditory meatuses, no longer shielded by appropriate tragal 

positions (caused by excessive cheek flap tension and a retrotragal incision) 
• Disto1ted earlobes (from an error in skin flap vector dynamics and incision placement) 
• "Drapery swag" of the cheek and neck skin due to incorrect l ift vectors 
• Lack of balance in the l i ft of the face and neck (e.g. ,  a patient wi th t ightened smooth cheeks, 

but defom1ities such as a ptotic, wrinkled brow/forehead region, a seni le chin ("witch's chin") 
deformity, or persistent platysmal cords) 

• Inadequate l ifting in any facial region 

1 8. What are the acceptable incisions for the preauricular incision and the indications for each? 
The contoured pretragal incision is a good choice ( 1 )  if  the tragus is protruding and there is  a 

preauricular rhytid, (2) in older patients, (3) in male patients, and (4) for smokers or other patients with 
the possibility of impaired cutaneous circulation. After L ifting the cheek flap and av iding undue skin 
tension, repair should be done with fine, inverted derrnal sutures and carefully placed fine surface su
tures. Incisions following the contours of the helix, tragus, and lobule norrnally result in  invisible scars. 

Indications for a tragal edge incision are ( 1 )  small ,  flat, nonprotruding tragu es, (2) youthful 
female patients without a pronounced pretragal rhytid, and (3) nonsmokers. The tragal edge incision 
provides an invisible incisional scarline without having to wrap the l ifted cheek skin inside the tragus, 
thereby avoiding the distortion of the nOimal tragal contours that may occur with a retron·agal incision. 

Indicat ions for a retrotragal i ncision are s imi lar to the those for the tragal edge incis ion.  
However, this incision may cause deformity or obliteration of the tragal contour and may distort the 
tragal shielding of the auditory meatus, causing the appearance of an enlarged cavernous meatus. 
These deforrnities are overt signs of face-l i ft surgery. 

@ 1991 R.A.P. 

Contoured pretragal incision pattern. The contoured pretragal 
incision is the best incision placement for patients who match 
the discussed indications. The scar is essentially invisible and 
does not distort the tragus or auditory meatus. (Copyright © 
1 99 1 ,  R.A. Peterson, M.D., F.A.C.S., with permission.) 

19. How does a surgeon obtain an invisible scar in the postauricular skin? 
First, by logical thought about the effect of tissue tensions as dynamic forces that can cause mi

gration of incis ional scars to conspicuous areas. 
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Second, by placing vertical incisions behind the ear precisely in the sulcus between the ear and 
mastoid area and repairing these careful ly, as follows: 

I .  The vertical postauricular incision should be made in the exact junction of the postauricular 
skin and the posterior ear skin by placing it deep in the postauricular sulcus. 

2 .  The incis ion should be turned horizontally across the calp at a point at least two-thirds of 
the d istance from the lobular sulcus to the superior extremity of the concha. The angle should be 
almost 90° and the horizontal incision into the scalp along the occipital ridge about 7 .5 cm in length. 

3 .  Tension is p laced on the cerv icofacial flap at the temporal incis ion and mastoid inc is ion 
edges in a supero-oblique direction. 

4.  The cervicofacial skin flap is  repaired to the lobule with a dermis-conchal fascia-lobular 
dermis inverted suture. 

5. The postauricular and occipital flap is  placed under tension with three Al l i s  clamps spaced 
about 2 cm apart on the superior horizontal edge of the flap, taking care to spread out the upward 
tension away from the ear. 

6. A very narrow strip of postauricular skin is excised adjacent to the the vertical (or sulcus) 
edge to avoid convergent draping of cervical rhytids toward the ear. 

7. The postauricular skin flap is al igned for a perfect match with the posterior conchal skin. The 
dermis  of the postauricu lar flap is repaired deep into the sulcus (which may, i f  desired, be made 
deeper by electrosurgical incis ion) and to the dermis of the postauricu lar skin w ith one or two in
verted 5-0 sutures. 

8 .  The skin edges are repaired with a continuous 5-0 suture from the lobular to the superior in
cisional angle. 

Postauricular resection. Very l ittle skin (4 mm or less) is excised 
aiong the anterior edge from lobule to scalp. Note the vectors of 
the l i ft dynamics. (Copyright © 1 99 1 ,  R.A. Peterson, M.D. ,  
F.A .C .S ., with permission.) 

@ 1991 R.A.P. 

20. How does a surgeon avoid creating a "step" or surgical distortion of the occipital hairl ine? 
Again, i t  is  a matter of analyzing the tension dynamics of the postauricular skin flap and scar 

l ines and placing the incisions so that excised skin will alter the hairline only minimal ly, i f  at all. Do 
not ever assume that male or female patients desire to lose hair-bearing skin behind the ears; there
fore, strive to accomplish goals of concealing the scars without too much hair loss. 

l .  The appropriate amounts of scalp and postauricular flap skin are removed by excising the su
perior flap edge in a wavy, undulat ing l ine or sweeping curve within the scalp from the posterior 
apex of the incision to the hairline. Matching a longer, curved flap incis ion to the shorter, straight su
perior skin edge incision makes it possible to restore the natural al ignment of the hair in the primary 
face l ift. 

2. The wavy scalp excision is repaired to the straight incis ion in the scalp with half-buried 4-0 
interrupted sutures and a continuous 5-0 suture. 

3. Care is taken to spread out the tension posteriorly, as well as superiorly, to prevent the previ
ously mentioned "draping" effect. A pre-planned inferior Bunow's triangle incis ion can be placed in 
the posterior edge of the flap to assist in this goal. 

21 .  What are causes of pulled, distorted ear lobules after rhytidectomy? 
Improper incision placement, faulty l i ft dynamics, excessive excision of skin adjacent and inferior 

to the ear lobule, and failure to repair the cheek flap to the nonyielding conchal fascia under the lobule. 
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22. What are vector dynamics in  face l ift? 
The direction and magnitude of the tension forces of the integumentary l ift, which should be in 

balance throughout the contours of the face, mandible, and neck. 

23. What are the major consequences of faulty l ift vector dynamics in face-l ift surgery? 
• Wide, conspicuous scars, distorted by tension contractures 
• Unnatural temporal and occipital hairlines 
• Ear protrusion 
• Earlobe stretching 
• Tragal protrusion and exposure of the auditory meatuses 
• Inadequate posterior ear skin 
• Flattened postauricular sulcus 
• Unnatural draping of the skin and tissues of the cheek, jaw area, and neck, conspicuous when 

the head t i l ts forward ("the drapery effect") 
If skin vectors and excis ions are correctly planned, these distortions are preventable in primary 

l ifts. In secondary face l i fts, the surgeon is somewhat at the mercy of the first surgical resul t  and may 
not be able to correct prior distortions completely, although the "drapery swag" and lobular pul l ing 
defect can be improved by balancing the vector forces of the cheek and neck l i ft and orienting them 
more horizontally anterior and posterior to the ear. 

Leji, Lift vectors of SMAS. (Note: This is a see-through graphic and does not depict skin incisions. The chin has 
been i l lustrated as surgically contoured . )  This view i l lustrates the vector l ift of the deep tissues, i .e . ,  platysma, 
pattern of the S MAS flap, and premalar and premaxil lary fat. Right, Lift vectors of skin. sho ·ing the proper skin 
face- l ift vectors as well as the area of undermining (dotted lines on the cheeks and neck) and the temporal. preau
ricular, postauricular, and occipital incisions with possible coronoplasty (also a dotted l ine) incis ion placement. 
(Copyright © 1 99 1 ,  R.A. Peterson, M.D., F.A.C.S. ,  with permission.) 

24. In what order should you accompl ish the fol lowing procedures during major face-l ift 
surgery: (a )  coronoplasty, (b) blepharoplasties, (c )  face and neck l i fts, and (d)  chin and sub
mental platysmal plication? 

1 .  Upper and/or lower blepharoplasties. Your best ski l l s  should be focused firs1 on the mo t pre
cise and del icate procedure. 

2. The chin and submental pl atysmal pl ication. The medial platysmal pl icat ion establ ishes a 
midl ine anchor from which to l i ft the facial and neck tissues bi laterally. 

3. Face and neck l i fts, which are individually completed to gain the new contours of the face, 
mandible, and neck. 

4. The forehead and brow l i fts. I f  the forehead and brow are l i fted after the blepharoplasties, 
there is no increased risk of opening the upper l ids too widely i f  excision of the eyelid skin and mus
cles has been cotTectly planned so as not to be excessive. The benefits of a foreh ad-brow l i ft are 
gained by excis ion of corrugator superc i l i i  muscles and chosen segments of galea (deep frontal is  
fascia), and excision of skin or scalp as may be i ndicated. 
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25. Should you completely transect the cervical platysma to obtain a better cervicoman
dibular contour? 

No-for the fol lowing reasons: 
I .  Complete platysmal transection may cause paralysis of the platysma superior to the sever

ance, and the tissues may become flaccid and atrophic. 
2 .  The submaxill ary glands, which are located in an aperture in the deep cervical fascia, may 

prolapse into the weakened platysma and become an unsightly bulge, which is especial ly noticeable 
i f  the glands are large. 

3 .  Complete platysmal transection creates unnatural anatomic relationships that are not an im
provement when repaired and may cause disto11ion of the cervical contours. 

26. In which patients should you recommend a chin-contouring procedure? 
Even minor ptosis of the chin (mentum) should be corrected, or it w i l l  be accentuated after a 

SMAS l i ft and l ipocontouring of the submental and submandibular areas. The SMAS l i ft should 
begin with improvement of the chin and submental contours and advancement-repair of the submen
tal platysma bi laterally to the midl ine. 

27. What is a "witch's chin" deformity? 
A witch's chin deformity results from ptosis of the integumentary and m uscular t issues of the 

mentum, a consequence of aging. However, it also may occur for other reasons, such as chin implant 
surgery or s l iding geniopla · ty surgery by the intraoral approach, wherein the mandibular at
tachments of the lip and chin musculature are cut across or stripped away from the mandible by 
periosteal elevation. Subsequently, the chin sags below the mental protuberance, and the platysma 
and subcutaneous fat may become lax and ptotic. Jowls may appear and a genio-mandibular sulcus 
or concavity occurs below and lateral to the sagging chin. 

28. Can the senile chin be corrected by chin augmentation implants? 
Not by chin implant alone. Excellent correction is possible, however, by a combination of pro

cedures, including a chin implant to l i ft the mentum and contouring procedures with inferior ad
vancement and repair of a superiorly based, horizontal ly e l l iptical dermafat flap of the ptotic 
mentum into the submental area onto the superfic ial platysma. When a witch's chin deformity exists, 
chin contouring procedures are an essential part of the S MAS face l i ft . 5  

29. What are jowls? 
Ovoid masses of fibrofatty subcutaneous t issue immediately adjacent and lateral to the inferior 

extremity of the nasolabial creases. 

30. How can jowls be corrected? 
After the SMAS flap l i ft and/or mid-face deep-plane l i ft is  completed, it is  convenient to l ipo

suction the ovoid mass of subcutaneous tissue, mostly fat, that may overhang the mandibular margin. 
A small suction cannula ( l .5-3.0 mm diameter) may be inserted through the incis ion just under the 
earlobe into the jowl. The ovoid mass is suctioned away, taking care to confine the suction first to the 
jowl, and, as necessary, very carefully, to the submandibular area to define the mandibular margin 
and contour the regions adjacent to the previous l ipectomy of the submental area. 

3 1 .  What happens if this jowl reduction lipectomy is even slightly excessive? 
Concave contour defects may resul t .  If recognized during surgery, these contour concav it ies 

should be corrected immediately by implantation of excised platysma-fascia-fat. 

32. What complications are associated with face-lift surgery? 
• B leeding, hematoma • Nerve injuries 
• Infection • Device problems 
• Poor t i ssue healing: ischemia, • Anesthesia problems 

objectionable scarring • Medication reactions 

33. What causes hematoma after face-lift surgery? 
• Postoperative pain, which causes anxiety and hypertension with subsequent bleeding. After 

general anesthesia, this sequence may begin in the oper(l{ing room. 
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• Nausea and vomiting, through the physical motion of the act of vomiting and al o from sudden 
blood pressure fluctuations 

• Ingestion of aspirin or other anticoagulant medications before or immediately after surgery 

34. Can the frequency of postoperative hematoma be minimized? 
Yes-by good hemostasis ,  effect ive pressure dressings, prevention of postoperative anxiety, 

pain, hypertension and vomiting. 

35. Can hematoma be avoided entirely'? 
Not l ikely-but one should strive for a frequency of 1-3%. (The senior author once had 200 

consecutive patients without hematoma, then S in a brief period. )  The time to be watchful for the 
earliest signs of bleeding is  immediately after surgery in the recovery room and up to 12 hour after 
surgery. Within minutes of extubation after general anesthesia, the pat ient's waking awareness of 
pain and other postanesthetic factors may cause hypertension, which, untreated, causes hematoma 
formation. One should anticipate this postoperative hypertension and ask the anesthetist to treat the 
hypertension prophylactically before extubation and during recovery. The surgeon, a11esthesiolo
gis1, and recovery nursing srajf all must involve themselves in the process of hematoma prevention. 

36. Is the incidence of face-lift hematoma more frequent in male or female patients? 
· In males. They are more subject to labile hypertension, are inwardly nervous, anxious, and 

afraid of pain, and wish to stay in command. Unless counseled beforehand, they ma_ · react to pain by 
tearing off a dressing. They are, with infrequent exception, not candidates for intravenous sedation 
and local anesthesia. Male patients should be pre-advised that they have to abdicate executive au
thority and release command to the surgeon throughout the surgical experience. 

37. What is the treatment for expanding hematoma? 
If  recognized early, the treatment is suction-aspiration (using l iposuction cannulas) under IV se

dation (and local in fi l tration anesthesia, if  necessary). Manual pressure is applied for several minutes 
after removing the hematoma. A new compression dressing is wrapped in place. and the patient is 
observ_ed for recurrence for at least one-half hour. If a large expanding hematoma has formed, suc
tion-aspiration should be tried first. but one may need to take out the sutures, rem ve the clots. and 
locate and control bleeding points by electrocautery. The incisions are again repaired and a new 
compression dressing is applied for 48 hours. 

38. What is the most dreaded face-lift complication'? 
Ischemia of face- l i ft skin flaps with major tissue loss. Cervicofac ial skin flaps are relatively thin 

and, therefore, potentially at risk for impairment of circulation in any face l i ft, but more so in the at
risk group. Occasionally, unexpected skin ischemia in front of, under, or behind the ears is  een in 
other patients. These ischemic areas are at the farthest points from the sources of the blood supply
the boundary of skin undermining-and may require immediate rel ief  by removal of adjacent inci
sional sutures to assist in regaining v iable circulation. 

39. Which patients are more at risk for flap ischemia? 
Smokers, "second-hand smokers," diabetics, hypertensives, and any other patients who may 

have narrowing of small blood vessels, including the arteriolar network in the de1mis and subcuta
neous tissue. 

40. What do you recommend for the prevention of face-l ift fla1J ischemia? 
l .  Smokers should entirely discontinue smoking 3 weeks before surgery or longer i f  possible 

and should be off al l  nicotine substitution medication programs during this period. They should not 
smoke for approximately I O  days after surgery. 

2. S low-acting niacin may be helpful in counteracting the effects of smoking on the small ves
sels. Jf tolerated, 250 mg of slow-acting niacin is prescribed 3 times/day for 3 week before surgery. 

3. If smoking cannot be discontinued, the skin undermining and l ift tension certainly should be 
reduced. Most of the l i ft should be taken on the musculofascial level, and the skin flaps should be 
draped with l ighter tension than is usual for a nonsmoking patient. 
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4. Skin undermining and skin flap tension should be minimized in all patients with thin skin or 
potential ly dimin ished c irculation. 

5 .  Hypertension should be controlled before, during, and after surgery. 
6. At surgery, one should apply smooth dressings and avoid excessive t ightness. 
7. The patient should sleep with the head and chest elevated for approximate ly 7 clays after 

surgery. 
8. The patient should not sleep on e ither cheek for approximately 7 days. 
9.  The patient should be instructed never to use a heat pack, heating pad, or hot water bottle on 

either cheek until sensory perception returns to these areas. If the patient disregards this instruction, 
third- and even fourth-degree burns may result .  

4 1 .  What course of action should a surgeon follow upon seeing a dusky, plum-colored flap a 
day or two after surgery? 

Press on the dusky area with a digit for a second or two. If the area blanches, the surgeon should 
consider putting the patient on time-release niacin therapy or perhaps oxygen inhalation therapy. One 
may even consider treatment in a hyperbaric chamber to increase tissue oxygenation. The involved area 
of the flap should be coated with an antibiotic ointment, Vasel ine gauze, and a l ight dressing. It is es
sential that the patient is examined the next day for evaluation, and daily until the trend has subsided. 

If the pressed area does 1101 blanch, the surgeon should release both the skin surface sutures and the 
deep dermal sutures adjacent to the involved area sufficiently to provide relaxation of the flap and free 
all tension from the ischemic skin. This approach may seem radical, but, in fact, it is the most conserva-
1ive treatment one can do and offers the only real viable (and viabi l ity) alternative. Thus, circulation i s  
often restored partially or  total ly to  the relaxed ischemic skin flap. 

If this maneuver is to succeed, it must be 1i111ely-that is, at the earliest moment one can diag
nose ischemia, even on the first day after surgery. Examination of the face-l ift flaps is a valid reason 
for removing the head wrap dressing on the first postoperative clay. 

In addition, the patient should receive niacin therapy, oxygen inhalation therapy, protective lubri
cation of the skin, and a protective l ight dressing that should be removed daily for progress evaluation. 

If i schemia progresses, one can expect necrosis and demarcation of the vascularly impaired 
cheek or neck flap to be complete in 1 0- 1 4  clays. If ischemia is reversed, the flap can be rev ised in a 
month or two. I f  the v iable flap contracts into perfect position, the scar may be rev ised ad lib with a 
mini- or midi-tuck, which wi l l  improve the cheek contours. 

42. How should you treat the granulating area of the sloughed face l ift? 
There are two treatment methods. 
I .  Al low the granu lating wound to epithel ia l ize and gradual ly contract. This approach, how

ever, may require months of wound care by the patient and surgeon, an interval that is psychologi
cally debi l itating to both. 

2. In the office, frequent wound care dressing, first dai ly, then two t imes weekly, and final ly 
once every week or two. When the edges of the granulating wound exhibit  epithe l ial ization from the 
adjacent skin,  a very thin spl i t  skin graft may be taken from the patient's lateral thoracic area as an 
outpatient office procedure to gain closure .  This can usually be accompl ished approximately 4-6 
weeks after the ischemic complication. In a few months, one may begin serial, staged excisions and 
mini- or midi- l i fts until the skin graft has been removed or reduced by the maximum amount. 

43. What is the most likely cause of nerve injuries in face-lift surgery? 
In first-time face l i fts, cautery hemostasis may be the most frequent cause of nerve injuries, but 

direct division by scissors seems more probable in the deep-plane l i fts . The facial nerve branches ( N  
Y l l )  are potent ia l ly  more suscept ible t o  injury i n  SMAS deep-plane l i fts .  The smal l term inal 
branches from the buccal and zygomaticus major and minor muscles may be most vu lnerable .  
Sutures advancing the SMAS may impinge on nerves, part icularly the great auricular nerve (GAN).  

44. In face-l ift surgery, which nerve is most susceptible to injury? 
The GAN can be harmed by dissect ion of the skin fl ap from the fibrofatty t issue over the 

sternocleiclomastoicl (SCM) muscle. 
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45. Where is the GAN? 
In a large series of patients, the senior author located the GAN at 6.0-6.5 cm from the tragus of 

the ear at the anterior margin of the SCM and 9.0-9.5 cm as it emerged from the po terior margin of 
the SCM. The variab i l i ty and sometimes del icate nature of the GAN make it vulnerable between 
these two points. 

46. If you recognize injury to the GAN at surgery, what should you do? 
Repair i t  with fine sutures and cover the repair with the platysmal portion of the deep tissue flap. 

47. What symptoms may occur after surgery if the GAN is injured? 
• Numbness in  the inferior portions of the ear and ear lobule 
• Painful, neuralgic sensations in the SCM and ear areas 
• Painful neuroma at the site of injury and sometimes symptoms of causalgia 

48. What should you recommend if the symptoms persist for several weeks or months? 
Secondary neurolysis and repair, but sometimes discomfort persists. 

49. What is the easiest way to identify the branches of the facial nerve during a face l ift? 
• It is quite easy to locate the buccal branches in the buccal pocket, under the Sl\lAS, 5 .5-6.0 cm 

horizontally anterior from the ear lobe sulcus. 
• The mandibular branch is located about 1 .0 cm inferior to the mandibular margin, deep to the 

cervical fascia, and 4.0-4.5 cm from the ear lobe sulcus. 
• The zygomatic branch may be found under the fascia of the SMAS about 3 .  cm horizontally 

anterior to the tragus of the ear. 

50. What are the symptoms or findings of facial nerve (N VII )  injury? 
By your own examination, determine ex ac1 /y which muscle functions are deficient and to what 

extent so that you may determine which branch of N Y l l  may be impaired. Ask yourself whether the 
i njury is complete or part ia l  and if it may be caused by cautery, scissors, suturing, or stretching. 
Weakness can be evaluated by testing the functions of brow raising, bl ink ing. winking, l ip  pucker
ing, smi l ing, and lower l i p  pouting. It is  important to observe these functions and to determ ine the 
muscle group malfunctions. 

Neuromuscular stimulation, administered by the patient several times daily at home, wi l l  ass ist 
recovery, maintaining muscle function as the motor nerve branches regain function. The motor 
nerves are stimu lated over the locator points with a suitable st imulator. The patient should repet i 
tively put  al l  muscles of expression through a regimen of exercises after each st imulat ion. Recovery 
is usual ly complete with in a few weeks to 3 months, e ither by resolut ion of a neura l  i njury or 
through networking with ramifications of adjacent nerve branches. 

Facial nerve locator points. Lateral diagram i l lustrating the points where 
the branches of the fac ial nerve can be located in  reference to the ear. 
(Copyright © 1 987, R.A. Peterson, M.D . . F.A.C.S. , with permission.) 
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Sl.  What organisms are the most prevalent in face-lift infection? 
Staphylococrns aure11s, gram-negative baci l l i ,  streptococci, and Candida a/bicans (yeast). 

S2. How do you make the diagnosis of postoperative face-l ift infection? 
Any unexpected local ized swel l ing or inflammation, with or without pain, occurring several days 

after surgery, is suggestive of in fection. Needle aspiration producing purulent fluids yields a diagnosis. 

S3. W hich infections do you consider to be the most difficult to treat? And the most dangerous 
for tissue viabil ity? 

Infections w ith streptococci and gram-negative bac i l l i ,  as they spread rapidly with both abcesses 
and cel lu l i t is ,  and effective antibiotics are more difficult to ident i fy. 

S4. How should a face-lift infection be treated? 
Prompt diagnos i s  and in i t iat ion of adequa/e treatment are the keys to rapid improvement and 

prevention of cicatrix or t issue loss. Once the presence of an infection is established, the 11eares1 part 
of the face- l i ft incis ion is opened and a tract is dissected with scissors under the skin to the abscess. 
One should 1101 incise and drain over the abscess because tissue loss and scar may well occur. 

The drainage is cultured. The abscess is suctioned and i rrigated with steri le sal ine, fol lowed by 
3% hydrogen peroxide. A 

1
1,i-inch iodoform gauze wick is laid through the incision into the abscess 

and a dress ing is app l ied. I ntravenous ant ibiotics are administered to cover gram-negative rods,  
streptococci ,  and staphylococci .  An oral antibiotic i s  prescribed while awaiting a culture and antibi
ogram report from the laboratory. 

This treatment is repeated at least once daily, and even twice, if necessary. It is our preference to 
personally lTeat such patients in our clinics, unless there are systemic symptoms or rapid progression of 
the infection. Should these occur, hospital ization and consultations would be in order. 

Face-l i ft infections treated by this regimen usually subside within 4-5 days. Tissue loss and scars 
are rare and usually do not occur if treatment is aggressive. If corticosteroids are given during and after 
face- l ift surgery, the symptoms of infection and abscess may be masked and infect ion may progress 
even though antibiotics have been administered. 

SS. If you are treating a face-l ift infection that is not responding, what other organisms may 
be present? 

Yeast (Candida albica11s). Yeast infection in a face-l i ft skin flap appears as a deep-red pustular 
erythema with mult iple surface pustules that enlarge, coalesce, and become tracts into the dermis  
and subdermis .  A creamy white,  puru lent fluid exudes from many tracts, or fol l icles, when digital 
pressure i s  applied in the area. Topical antibiotic therapy has no beneficial effect and the lesion may 
progress to ischemia and necrosis. Daily topical antimycotic (Nystat in)  cream dressings and/or oral 
anti fungal medications ( itraconazole) are usually rapidly effective. 

S6. Is it  safe to perform ancillary surgical procedures at the time of a SMAS, deep-tissue, or 
mid-face suspension face-lift surgery? 

Although each ancil lary procedure has its own risks and potential problems, all are usually safe 
to do at the same t ime, except skin res111j'aci11g, by abrasion, chemical peel ,  or laser. It is our opinion 
that i t  is risky to resurface the skin of the cheeks at the same time as a face l i ft because simultaneous 
skin surface surgery, face- l i ft dissect ion, and l i fting may jeopardize skin c i rculation and v iabi l i ty. 
Lips and chin resurfac ing added to the face l i ft can, at times, cause suffic ient excess facial edema to 
cause ischemia and necrosis of the cheek flaps. 
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5 6 .  RH I N O PLASTY 

George C. Peck ,  J r , M . D . ,  a nd George C. Peck , M . D . 

1 .  Which came first, open or closed rhinoplasty? 
A review of late nineteenth and early twentieth century l iterature indicates that nasal procedures 

were performed through external incisions. 

2. Who was the first surgeon to use the intranasal approach? 
Roe appears to the be first surgeon to use the intranasal approach as early as 1 887. In 1 93 l Joseph 

popularized the closed technique and introduced i t  in the United States through Aufricht and Safian. 

3. What underlying anatomic structures are associated with the proximal, middle, and distal 
thirds of the nose? 

• Proximal third-nasal bones • Distal third-lower lateral cartilages 
• Middle third-upper lateral cartilages 

4. List four important nasal angles. 
The septal, nasofrontal, tip-columellar, and nasoiabiai angles (95° in men, I 05° in women). 

5. Where is the internal nasal valve? What is its function? 
The angle formed between the junction of the caudal quadrangular cart i lage and the distal upper 

lateral cartilages, along with its mucoperichondrial l ining, constitutes the internal nasal valve, which 
widens and narrows in its angulation during respiration. 

6. How do the upper lateral cartilages relate anatomically to the nasal bones and lower lat
eral cartilages? 

The upper lateral cart i lages l ie posterior to the nasal bones and lower lateral cart i lages. They 
connect to the cartilaginous septum with fibromembranous tissue. 

7. What is the soft triangle? 
The soft triangle consists of the two juxtaposed layers of skin separat i ng the dome of the alar 

cartilage from the nostri l border. 

8. Describe the internal l in ing of the nose. 
From the nostri l  opening to the nasal valve, the vestibular l in ing is  composed of squamous ep

ithel ium. Cephaiad to the nasal valve, a mucous membrane l ines the passageway. 

9. What is the blood supply to the nasal tip? 
The nasal tip receives its blood supply from the angular artery off the lateral nasal artery. 

10. Define tip projection and nasal length. 
Nasal tip projection is the d istance from the nasal spine to the na al tip. Ideal ly, the nasal t ip  

should project 1 -2 mm beyond the supratip and should be 67% of the nasal length. Nasal length i s  
t he  distance from the root of the nose (nasofrontal groove) to  the nasal Lip. 



R h inoplasty 303 

1 1.  What is a Pinocchio tip? A parrot beak deformity? 
A Pinocchio tip is  excessive nasal tip projection. A parrot beak deformity is a high supratip with 

inadequate nasal tip projection. 

12. What are the most important supports of the nasal tip? 
The primary supports of the nasal tip are the septum, the domes of the lower lateral cartilages, 

and all of their associated attachments. 

13. Name the causes of supratip fullness. 
The cephalad portion of lower lateral cartilage, the dorsal septum, fibrofatty tissue, scar t issue, 

and thick sebaceous skin are causes of supratip fullness. 

14. Define an open roof. How is it  corrected'? 
An open roof results from lowering the dorsum without nasal bone infracture. The dorsum ap

pears flat and wide. B i lateral in fracture of the nasal bones reestablishes the nasal bone pyramid. 

15. What is the most important technique to give definition to the nasal tip? 
By excising the cephalad ponion of lower lateral cartilage with fibrofatty tissue, the surgeon creates a 

level discrepancy between the tip and supratip, producing an aesthetically pleasing gul l-wing highlight. 

16. How do you determine adequate septal support of the nasal tip? 
Push down on the nasal t ip with one finger; i f  resistance and recoil are good, septa! support is 

adequate. lf there is  l ittle resistance or recoil, septa! support is  inadequate. 

17. How do you treat inadequate tip projection? 
Inadequate nasal t ip  projection with adequate septa! support responds to an onlay graft (s ) .  

Inadequate t ip projection wi th inadequate septa! support requires an umbrella graft. 

18. What is an onlay graft? An umbrella graft? 
An onlay graft is a 4 x 9-mm, convex cartilage graft from lower lateral, septa!, or conchal carti

lage that is  placed in a horizontal pocket overlying the alar domes. An umbrella graft consists of a 
3-cm strut of septa!, rib, or conchal cart i lage that is placed in a vertical pocket between the medial 
crura from the nasal spine to the nasal tip. This strut is capped with an onlay graft. 

1 9. What are the most common causes of airway obstruction? How are they treated? 
• An enlarged inferior turbinate can be treated with bipolar electrocautery or turbinectomy. 
• A  deviated septum is treated with septoplasty or submucosal resection of the septum. 
• Inspiratory collapse of the middle vault secondary to lack of cartilaginous support responds to 

spreader grafts or cartilage filler grafts. 
• Intranasal scarring may require Z-plasties or skin graft. 
• A  pinched nasal tip with collapse of the alar rims is treated with cartilage grafts. 

20. What is a saddle deformity? How is it treated? 
A saddle deformity, congenital or traumatic, is a dorsum that is too low. A moderate saddle de

formity is  corrected with a cart i lage graft (septa!, conchal) .  A severe saddle deformity requ ires a 
bone graft ( i l iac, cranial) .  

2 1 .  What is the most common cause of a pinched nasal tip? 
The integrity of  the lower lateral cart i lages is  important to maintain the support of  the alar 

r ims.  Transecting the lower lateral cart i lages near the dome causes co l lapse of  the alar rims and 
a p inched t ip .  This deformity i s  corrected with cart i l age grafts, reconstructing the lower l ateral 
carti I ages .  

22. What i s  a stairstep deformity? How i s  i t  avoided? 
A stairstep deformity is  a prominent ledge of  nasal bone after infracture, a step off the narrowed 

nasal bone. This deformity can be avoided by keeping the infracture low on the maxi l la. 
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23. Should the periosteum be removed from the nasal bones before infracture? 
No. Removing the periosteum causes unnecessary trauma, edema, and ecchy osis. The nasal 

bone may fal l  into the pirifo1m aperture, creating a depression and skeletalization of the septum. 

24. How long should one wait for a secondary rhinoplasty? 
Most surgeons agree that a secondary rhinoplasty should not be performed for I year. 

25. Which preoperative pose accentuates the problems of the nose? 
The lateral profile wi th  the patient smi l ing accentuates the dorsal hump, length of the nose, 

crowded l ip,  and inadequate t ip projection. 

26. What is the relationship  between sculpturing the lower lateral cartilages and nasal tip pro
jection? 

Excising the cephalad portion of the lower lateral cart i lage reduces the volume of  the nasal t ip  
pyramid and nasal t ip  projection. The most common problem after rhinoplasty is inadequate nasal 
tip projection. 

27. What causes a retracted columella? How is it  treated? 
A retrosee or retracted columella results from overresection of the caudal border of the septum 

or excision of the nasal spine.  This deformity is corrected with rectangular cart i lage grafts to the 
posterior two-thirds of the columella. 

28. How do you rotate the nasal tip? 
The tip may be rotated by sculpturing the lower lateral cartilages, by excising a po1tion of the an

terior one-third of the caudal septum, or with sutures. Postoperative edema exaggerates tip rotation. 

29. Define veiling of the alar rims. 
Approximately l -2 mm of columella should be v isual ized in profi le .  Vei l i ng of the alar rims 

occurs when the alar rims overhang the columella. Treatment, described by M i l l ard, consists of 
wedge excisions of the alar rims. 

30. How do you narrow flaring nostrils? 
The general shape of the alar base is an isosceles triangle. A modified Weir 's resection of  the 

alar base corrects flaring nostrils and a wide floor. The inferior incision should be kept in the alar 
groove to minimize the scar. 

31 .  How do you inject the nose preoperatively? 
We use a few mi l l i l i ters of a concentrated solution of epinephrine ( 1 :30,000) with l idocaine and 

perform a circumferential block of the nose. No local solution is injected into the nasal tip, suprat ip, 
or dorsum to avoid distorting the nose. 

32. How do you perform septal surgery? 
Most important are good hemostasis and visual ization. Hydrodissection of the mucoperichon

drium with local anesthesia aids in  septa! surgery. Elevate the mucoperichondrial flaps by starting 
high on the septa! wal l ,  and create a pocket to the end of the septum. Then sweep inferiorly to com
plete the elevation of mucoperichondrial flaps. 
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5 7. OTO PLASTY 

Jeffrey Weinzweig, M D , and Norman Weinzweig , M D 

1. What is a prominent ear'? 
A prominent ear, also commonly referred to as a lop ear, cup ear, or Dumbo ear, protrudes ex

cessively from the temporal surface of the head. The normal external ear forms an angle of approxi
mately 2 1-25° with the temporal scalp. A more obtuse angle (> 25°) may cause the ears to appear 
overly prominent on frontal or posterior view. 

2. What are the pathologic characteristics of the prominent ear deformity? 
The three major pathologic characteristics of the prominent ear deformity are ( I )  a poorly de

fined or absent antihel ical fold; (2) conchal excess (> 1 .5 cm deep); and ( 3 )  a conchoscaphal angle > 
90°. Each of these characterist ics may exist in varying degrees. Thus, the excessive depth of the 
concha may be evenly d istributed or may affect the upper pole (cymbum) more than the lower pole 
(cavum). S imi larly, the entire antihel ical fold may be underdeveloped or just a specific part, such as 
the superior crus or inferior crus. 

Components of the prominent ear deformi ty: ( I )  poorly clelined or 
absent antihelical fold, (2) conchoscaphal angle > 90°, and (3) con
chal excess. (From LaTrenta GS: Otoplasty. In Rees TD, LaTrenta 
GS (eds) :  Aesthetic Plast ic Surgery, 2nd eel. Phi ladelphia, W. B .  
Saunders, 1 994, pp 89 1 -924, with permission.) 

3. What are the embryologic origins of the ear? 

CONCH AL 
EXCESS 

The mand ibular ( fi rst )  branchial  arch and the hyoid (second) branchial  arch each contribute 
three h i l locks of approximately equal s ize to the formation of the ear. Ult imately, the hyoid arch con
tributes 85% to the formation of the ear, including the hel ix ,  scapha, ant ihel ix ,  concha, anti tragus, 
and lobule. The mandibular arch contributes the tragus and hel ical crus only. 

4. When does antihelical folding begin in utero'? 
The ear begins to protrude from the developing face by the third to fourth month of gestation, at 

which t ime anti hel ical  folding commences. I ncomplete folding of the anti he l ix  resul ts  in a con
choscaphal angle > 90°, producing the prominent ear deformity. 

5. By what age has the ear attained 85 % of adult size? When should otoplasty be performed? 
Three years. Therefore, otoplasty is ideally performed in the interval between age 3 and the com

mencement of school so that the child can avoid the psychological trauma of ridicule by classmates. 

6. What is the nerve and vascular supply to the ear? 
The auriculotemporal nerve (V3 ) provides sensibi l ity to the tragus and crus of the hel ix only. 

The great auricular nerve (a branch of the cervical plexus) provides sensib i l i ty to the lobule, antitra
gus, antihel ix, scapha, external acoustic meatus, postauricular sulcus, hel ix, and concha. The exter
nal acoustic meatus receives addi t ional sensory supply v ia  auricu lar branches of the vagal and 
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glossopharyngeal nerves. The vascular supply to the external ear is via the posterior auricular and 
superficial temporal arteries, both terminal branches of the external carotid artery. 

7. What are the normal proportions of the ear? 
The ear's width is typically 50-60% of its length with an average width of 3-4. cm and average 

length of 5.5-7 cm. Viewed from the front, the ear extends from the brow superiorly to the base of 
the columella inferiorly. Laterally, the ear should l ie a single ear-length behind the lateral orbital rim.  

8.  How is  ear protrusion defined? 
Protrusion of the ear is defined in terms of both distance and angle. The distance from the scalp 

to the anterior edge of the helix ranges from 1 .5-2 cm; the cephaloauricular angle is a mean of 25° in 
men and 2 1 °  in women. 

9. What is the average distance of each third of the ear from the head? 
The helical rim measures approximately 1 0% of the vertical height of the ear (7 mm) and pro

trudes to 1 0- l 2  mm at the helical apex (upper third), 1 6- 1 8  mm at the midpoint (middle third), and 
20-22 mm at the lobule ( lower third). 

10. What is the normal incline of the ear? 
The normal ear incl ines posteriorly approximately 20° off the vertical ,  which is s l ight ly less 

steep than the plane of the nasal dorsum. 

1 1 .  Should the helix be visible from the frontal view? 
Yes. From the frontal view, the helix of both ears should be v isible beyond the antihel ix.  

12. What are the anatomic goals of otoplasty? 
The anatomic goals are threefold: ( I )  production of a well-defined anti helical fold; (2)  conchal 

reduction; and (3) a conchoscaphal angle of 90°. Of course, the extent to which each of these goals is 
pursued depends on the severity of the specific characteristics of the deformity. In addition, several 
general guidel ines are applicable: 

1 .  The posit ion of the two ears with respect to the temporal surface of  the head should match 
within 3 mm at any specific point. 

2. Protrusion of the upper third of the ear must be completely corrected; mild protrusion of the 
lower two thirds may be acceptable if the upper third is ful ly corrected. 

3. The postauricular sulcus should not be significantly decreased or distorted. 
4. The helix should have a smooth and regular contour. 
5. The ears should not be placed too close to the head. 

13. Who performed the first otoplasty? 
Although Dieffenbach is usually credited for having performed the first correction of a promi

nent ear in 1 845, his technique was used for correction of a posttraumatic deformity. The earliest 
elective otoplasty for prominent ear deformity was reported by Ely in 1 88 1 .  Dieffenbach 's procedure 
consisted of postauricular skin excision and conchomastoidal suture fixation; Ely's procedure in
cluded these techniques as wel l  as conchal strip excision. 

14. Can skin excision alone correct the prominent ear deformity? 
No. Although skin excision is virtually always perforrned during otoplasty, i t  is  done to avoid skin 

redundancy in the postauricular sulcus rather than to maintain the set-back position of the ear. Although 
some beneficial effect on ear position may initially be attributed to skin excision, over time the elastic
ity of the skin inevitably results in recurrence of the prominent ear deformity. Even Dieffenbach knew 
this 1 50 years ago and included conchomastoidal sutures in his technique (see question 1 8) .  

15. What important concept did Luckett contribute to the principles of otoplasty? 
In 1 9 1 0  Luckett introduced the concept of restoration of the anti helical fold for correction of the 

prominent ear deformity. He used a carti lage-breaking technique that consisted of excising a strip of 
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medial skin and cart i l age along the entire vert ical length of  the anti hel ical fold. In some cases a 
sharp edge was created along the antihelical fold, which Luckett attempted to correct w ith several 
horizontal mattress sutures. 

16. What is Gibson's principle'? 
Gibson's principle states that cart i lage spomaneously bends or wa1vs away from the scored sur

face by "release of interlocked stresses." A number of cartilage-weakening techniques (e.g. , i ncis ion, 
abrasion, scoring) take advantage of this principle to recreate the anti helical fold by interrupting the 
anterior surface of the auricular cart i lage. 

17. What is the Stenstrom technique? 
Through a mall postauricular incision, an otoabrader is used to rasp the anterior surface of the 

antihe l ix  to recreate the antihel ical fold. Stenstrom and Heftner were the first to apply the Gibson 
principle in otoplasty. Cart i lage scoring also may be achieved with a 2-mm anterior skin inc is ion 
along the i nside edge of the hel ix .  After cartilage weakening, 5 or 6 radial ly oriented Mustarde su
tures (4-0 clear nylon) are placed. 

18. What is the purpose of conchomastoidal sutures? 
Conchomastoidal sutures are simple or mattress sutures that penetrate the full thickness of the 

cartilage of the posterior conchal wal l and the fascia/periosteum of the mastoid process. These su
tures anchor the posterior wall of the concha to the mastoid prominence, reducing conch al projection 
and decreasing the depth of the postauricular sulcus. Before placing these sutures, i t  is helpful to 
resect a portion of the soft t issue (muscles and l igaments) in the postauricular sulcus. This  resection 
permits c loser approximation of the conchal carti lage to the mastoid fascia/periosteum and fac i l i 
tates the conchal reduction. 

Conchomastoidal sutures. A. Resection of postauricular soft tissue. B.  Several permanent mattress sutures secure 
the conchal cart i l age to the mastoid fascia .  (From LaTrenta GS: Otoplasty. In Rees TD, LaTrenta GS (eds): 
Aesthetic Plastic Surgery, 2nd ed. Philadelphia, W.B.  Saunders, 1 994, pp 89 1-924, with permission.) 

19. Is there another way to reduce conchal projection? 
Concha! cart i lage excision. Through an anterior incision, a full-thickness crescent of excessive 

cart i lage may be excised from the prominent conchal rim to reduce its height. Alternatively, a poste
rior incis ion may be used to excise a strip of cart i lage from the deepest part of the conchal cup. 

20. What is the purpose of Mustarde sutures? 
M ustarde sutures, also referred to as conchoscaphal sutures, are used to create the antihel ical 

fold. These permanent mattress sutures are placed posteriorly through the fu l l  th ickness of the 
scaphal and conchal cart i lage on e ither side of the antihel ix .  As they are tied, the antihelical fold is 
created. The cartilage surfaces are approximated only far enough to produce an aesthetic fold. The 
cart i lage surfaces usually do not meet; instead, the sutures span the gap between them. Placement of 
these sutures is usual ly faci l itated by first making several pairs of ink marks on the concha and outer 
aspect of the anti hel ix whi le pressing medially on the hel ix .  These pairs of marks out l ine the posit ion 
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of the mattress sutures to be used in the repair. A 25-gauge needle dipped in ink is used to transfer 
the ink marks through the postauricular skin and tattoo the underlying ca11 i lage. The artilage can be 
directly tattooed if the postauricular skin excision has already been performed. The sutures (usually 
4-0 clear nylon) are pl aced as described and tied simultaneously. 

B 

Mustarde (scaphoconchal) sutures. A ,  Several pairs of ink marks are made on the scapha and concha on ei ther 
side of the antihel ix . B, Markings are transferred 10 the postauricular skin and cani lage wi th 25-gauge needles 
dipped in ink. C, After postauricular skin excision down 10 canilage, several permanent suture are placed in the 
full thickness of the scaphal and conchal cart i lage, piercing the perichondrium of the anterior cart i lage. The su
tures are tied simul .taneously. (From LaTrenta GS: Otoplasty. I n  Rees TD, LaTrenla GS (eds l :  Aesthetic Plastic 
Surgery, 2nd ed. Philadelphia, W.B .  Saunders, 1 994, pp 89 1 -924, with permission.) 

2 1 .  How is a prominent lobule corrected? 
Prominence of the lobule, or lower third of the ear, is corrected by a modified fishtail excision 

extending from the posterior surface of the lobule to the mastoid skin. 

Correction of prom inent lobules. A modified fishtail excision is performed 
in the postauricular su lcus. ( From LaTrenta GS :  Otoplasty. In Rees TD, 
LaTrenta GS (eds): Aesthetic Plastic Surgery, 2nd ed. Ph i ladelphia, W. B .  
Saunders, 1 994, pp  89 1-924, w i th  permission.) 

22. Correction of which third of the ear is most important? 
The upper third. Although a minor degree of remaining protrusion of the middle or lower third 

may be acceptable if the top is completely co1Tected, the reverse is not true. 

23. What is a "telephone ear" deformity? 
Inadequate correction of a projecting anti tragus and lobule may result in a secondary telephone 

ear deformi ty in which the upper and lower thirds of the ear appear relatively prominent with respect 
to a properly corrected middle third. The ear resembles a telephone receiver. 

24. What is the difference between cartilage-molding and cartilage-breaking techniques? 
Cartilage-molding techniques, such as those of Mustarde and Furnas, take advantage of the 

soft, pl iable characteristics of cart i lage, especial ly in children. Such techniques u·e M ustarde con
choscaphal mattress sutures to maintain the new ant ihel ical fold wi thout excising any cart i l age. 
Scoring of the anterior surface of the antihelix is performed as needed. 
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Cartilage-breaking techniques, such as those of Converse and Wood-Smith, are especia l ly  
useful for the st iffer cart i l age of adults .  These techniques use fu l l -thi ckness inc is ions or breaks 
through the cartilage to permit tubing of the antihelix, which is  then stabi lized with several sutures. 
The amount of conchal excess is  estimated by pressing inward on the newly folded antihel ix ,  and an 
ell iptical conchal strip is  excised. The edges of the newly folded ant ihelix and freshly contoured con
chal rim are approximated with several permanent 4-0 mattress sutures. Care is  taken not to evert the 
edges of the cart i lage because eversion may cause secondary sharp ridging, the main complication 
of cartilage-breaking techniques. 

25. What is the most common late deformity after otoplasty'? 
Residual deformity, which is usually identified within 6 months of surgery, may present a prob

lem in as many as 1 0-24% of patients after otoplasty (according to review of several series) .  S uch 
problems may resu l t  from sharp ridges and irregular contours along the antihelical fold (more 
common with cart i lage-breaking techniques), sinus tracts secondary to the presence of permanent 
sutures, overcorrection with any cartilage-weakening technique, and a secondary telephone defor
mity. Despite the potential for residual deformity, in most series fewer than I 0% of patients require 
subsequent otoplasty revis ion. 

26. What is the most l ikely cause of sudden onset of pain after otoplasty'? 
Hematoma. Sudden-onset, persistent, or unilateral pain should raise the index of suspicion for 

hematoma and warrants immediate dressing removal and evaluation. Evacuation of a clot after 
suture removal often is  eas i ly accomplished and should be fol lowed by reappl ication of a head dress
ing with mi ld compression. 

27. What organisms are usually responsible for cel lul itis after otoplasty'? 
Staphylococci or streptococci are usual ly the culprits, although Pseudomonas sp. is occasionally 

responsible. Intravenous antibiotics are often indicated. Topical mafenide acetate (Sulfamylon) cream 
is often useful in preventing further spread of the infection and chondri t is .  Infections must be con
trolJed immediately because long-term sequelae may include the development of residual deforn1 ity. 

28. Can chondritis occur after otoplasty'? 
A lthough rare, chondrit is may occur after inadequate treatment of postoperative infect ion.  

Chondritis is  a surgical infection requi1ing immediate exploration, debridement of necrotic cartilage, 
and soft tissue coverage to prevent severe cartilage destruction and resultant deformity. 

29. When can prominent ears be treated nonoperatively'? 
Within the fi rst 72 hours of the neonatal period, the carti lage e last ic i ty is affected by high 

levels of c i rculating maternal estrogens, resu l t ing in unusual mal leabil i ty of the auricular cart i lage 
that permits  nonoperative treatment of several congenital ear anomalies, including prominent ear 
deformity. After 72 hours, these hormonal levels  drop and the cart i lage becomes st iffer. Spl int ing 
materials for nonoperative management of congenital ear deformities i nc lude S teri-Strips, rubber
coated e lectrical w i re ,  and lead- free solder covered by a polyethylene suction catheter. Spl int ing 
of the prominent ear to the mastoid surface for 1 -2 months often corrects the deformity. 

30. Which is the best technique for correction of the prominent ear deformity'? 
Each patient requires individual assessment to determine which technique(s) is  best suited to 

meet the specific needs of the deformity. Not every prominent ear warrants conchal excision, con
choscaphal (Mustarde) sutures, conchomastoidal sutures, or abrasion of the anterior surface of the 
antihel ix .  Most, however, require some combination of these techniques to achieve the desired goals 
of otoplasty. Most otoplasty procedures ( such as the Mustarde technique) inc lude a maneuver to 
recreate the anti hel ical fold (see figure in question 20) . 

31 .  Describe patient management after otoplasty. 
A dressing of mineral oil-soaked cotton and fluffed gauze is applied under a light cotton wrap. This 

dressing is removed within the first few postoperative days-sooner if  signs or symptoms of infection 
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or hematoma are present. The sutures are removed after 7- 1 0  days, and the patient is instructed to 
sleep wearing an e lastic ski band over the ears for 2-3 weeks after surgery. 

CONTROVERSY 

32. Should postauricular skin excision always be performed during otoplasty? 
Not necessarily. Much has been written about various approaches to postauricular skin excision 

during otoplasty. Some advocate centering the excision over the postau1icular sulcus; the excis ion 
thus includes skin from the posterior surface of the ear as wel l as the mastoid region. Others prefer to 
bring the excision within several mi l l imeters of the postauricular sulcus without acrually crossing i t  
or including mastoid skin. S t i l l  others contend that skin preservation is necessary to compensate for 
excessive skin contraction that may obliterate the posterior sulcus or pull  the mid-helix into a hidden 
position on frontal view, creating a telephone ear defom1ity. Therefore, the excision of postauricular 
skin is  based on the surgeon's experience and preference. 
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5 8 .  AB DOM I N OPLASTY 

Michael Brucker, M D ,  and David Barra l l ,  M . D .  

1 .  What i s  the blood supply of the anterior abdominal wall? 
The anterior abdominal wal l has superior, inferior, and lateral vascular supply. The superior epi

gastric artery and the musculophrenic artery, both branches of the internal mammary, feed the upper 
half of the abdominal wal l .  The inferior blood supply consists of the inferior and superficial  epi
gastrics medial ly as well as the deep and superfic ial circumflex i l iac arteries laterally. The skin and 
subcutaneous tissue derive their blood supply from medial rectus perforators as well as lateral ly  
from intercostal and lumbar segmental arcades. 

Vascular zones related to abdominoplasty can be separated into superior medial (zone I), infe
rior medial (zone I I) ,  and lateral (zone III) areas. Zone II and most of zone I (depending on the extent 
of dissection) a.re devascularized in an abdominoplasty. As a result, the abdominal •al l  flap is vascu
larized primarily by the intercostal and lumbar arcades of zone I l l .  



Abdom i noplasty 

Superficial (rop lefr) and deep (rop righr) vasculature supply 
to the anterior abdominal wal l .  (From Pitman GH (ed): 
Liposuction and Aesthet ic Surgery. St .  Louis ,  Quality 
Medical Publishing, 1 993, with permission.) 

Righr, Vascular zones of the anterior abdominal wal l .  (From 
Matarosso A: Abdominoplasty. C l in  Plast Surg 1 6 :289, 
1 989, with permission.) 
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2. What are the layers of the anterior abdominal wall?  
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The layers of the anterior abdominal wall  vary according to location on the wal l .  The basic 
l ayers of  the lateral abdomen, from superfic ia l  to deep, are ( I ) skin, ( 2 )  Camper's fascia,  ( 3 )  
Scarpa's fascia, ( 4 )  external obl ique, ( 5 )  i nternal obl ique, ( 6 )  transversal is  fascia ,  and (7 )  peri
toneum. The arcuate l ine, which is found below the umbil icus in the mid abdomen, demarcates a 
change in the thickness of the anterior and posterior rectus sheath. Above the arcuate l ine ( level l 

in the figure on page 3 1 2) ,  the external oblique fascia and half of the internal oblique fascia give 
rise to the anterior rectus sheath. The other half of the internal obl ique fascia combines with the 
transversalis fascia to form the posterior rectus sheath. Below the arcuate l ine, the internal oblique 
fascia contributes a l l  of i ts fibers to the anterior sheath, and the transversal is fasc ia alone forms 
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the posterior sheath. This may resu l t  in a relatively weaker fascia! segment below the arcuate l ine 
that is  more susceptible to lax i ty. Overlying and closely adherent to the anterior rectus and exter
nal oblique fascia is the i nnominate fascia, or fascia of Gal laudet, which covers a plexus of smal l 
arteries and veins. Undermin ing of the abdominal wall flap in an abdominoplasty should proceed 
above th is  l ayer to preserve the del icate vasculature and reduce the incidence of postoperative 
seroma formation. 
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Cross-sectional anatomy of the fascia I system of the anterior abdominal wall al three clifferenl levels. (From Pitman 
GH (eel): Liposuction and Aesthetic Surgery. Si. Louis, Quality Medical Publishing. 1 993, with permission.) 

3. What is the superficial fascia! system? 
The superficial  fascia !  system (SFS)  is made up of a horizontal, loose connective tissue layer 

and its investing vertical and oblique septa. The distinct compartmentalization of the SFS defines the 
adipose layers of the anterior abdominal wal l .  The layer of adipose t i ssue superficial  to Scarpa 's 
fascia i n  the anterior abdominal wall is  usual ly of uniform thickness with a compact septa! frame
work, whereas the deep layer is highly compartmentalized with a globular septa! framework. The 
deep adipose layer is  primarily responsible for distinct contouring of the abdomen. In a male or  an
droid pattern, this fatty layer is in the upper abdomen and flanks, whereas in a female or gynoid pat
tern it is  in the lower abdomen, hips, and thighs. 

4. What are the basic elements of abdominal contour abnormalities? 
Most patients seeking abdominoplasty do so because they wish to correct a contour abnornial 

ity. The abnormality is  often a complex composite of mul t iple basic problems. Four fundamental 
areas of concern should direct the plastic surgeon in correction of the abnormality: ( I )  to evaluate 
the degree of skin redundancy and flaccidity; (2) to assess the degree of excessive adj pose tissue and 
its location; (3 )  to evaluate muscle diastasis and aponeurotic laxity: and (4) to assess undesi rable 
scars or striae and their location. These four basic elements direct the surgical approach for optimal 
correction of anatomic problems. 
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5. What is the basic surgical approach to abdominoplasty? 
One of the most important steps in the basic abdominoplasty begins before the surgery with 

supine and upright marking of the patient's abdomen. Skin laxi ty and the area of proposed resection 
are of most concern at this stage. With the patient properly marked, the appropriate skin i ncisions are 
then based on the extent of t issue that needs to be resected. The standard low transverse incision is 
the most widely used and widely modified of the abclominoplasty incisions. The abdominal skin flap 
is elevated off the rectus sheath from pubis to zyphoid with pre ervation of the umbil ical stalk and 
c ircumferential excision from the skin flap. The lower aspect of the skin flap is then resectecl, and 
the rectus sheath and external oblique fascia are plicatecl as indicated. By tacking the abdominal skin 
flap into place, l i posuction can be used to define and fine-tune the contour of  the abdomen. 
Liposuction is part icularly useful for excessive flank adipose t issue not incorporated into the pri
mary dissect ion. The umbil icus is  then resuturecl into its new location, and the new superior margin 
of the skin flap is sutured to the original inferior margin. 

Low transverse or W-1ype incis ion. (From Pitman G H  (ee l ) :  L ipo
suction and Aesthetic Surgery. St .  Louis, Quality Medical Publishing, 
1 993, with permission.) 

6. What is a fleur-de-lis abdominoplasty? 
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Fleur-cle- l i s  describes the shape of the incis ion in this inverted T-rype abclominoplasty. It i s  
useful in pat ients w i th  a s ignificant amount of medial obesity or when a large pannus must be  ex
cised. The procedure begins with a traditional W-type or Regnault low transverse incision, which is 
used in conjunction wi th a vertical wedge component that may be taken as high as the zyphoicl as 
wel l  as in feriorly over the mons pubis, i f  necessary. This method resects medial t issue and draws the 
new medial margins into the micl l ine. 

7. What is a modified Weinhold or T-excision abdominoplasty'? 
As its name implies, the T-excision abclominoplasty places the horizontal component of i ncision 

at the level of the umbi l i cus and extends a vertical wedge resection clown to the pubis. The skin flap 
underm ining is carried out both inferiorly and superiorly. This technique is used in patients with 
upper medial obesity and is effective at reducing "love handles" by both elevating and medial ly dis
placing the lower lateral skin flaps. 

8. What are the indications for the so-called mini-abdominoplasty? 
The mini-abdominoplasty employs a shortened low transverse incision and is used primarily in pa

tients with infraumbilical obesity and/or low-midline musculofascial laxi ty. The same techniques of skin 
flap undermining, often with the aid of endoscopic equipment, are used as in  a standard abdominoplasty. 
The umbil icus, however, is often left in cont inuity and simply retracted inferiorly after resection of 
redundant skin in the superior flap. The rectus sheath and external oblique fascia are then p l icatecl, 
usually in the midl ine and laterally, and l iposuction is used for flank and upper th igh contouring. 

9. What is the role of l iposuction in abdominoplasty? 
The extent of l iposuction used in an abdominoplasty varies greatly, depending on the desired 

result and amount of tissue to be resected. Suction-assisted l i pectomy (SAL) and abclomi noplasty 
are complementary modal it ies in body contouring and, in general, are used inversely, depending on 
the severity of the contour abnormali ty. Typical ly, l iposuction has its greatest role in procedures re
quiring minimal tissue excision and minimal musculofascial repair; however, i t  is often used in large 
abdominoplasties to tailor areas such as the flanks. SAL of the upper and lateral abdomen (zones f l  
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and Ill in the figure in question I )  should be avoided because it may jeopardize blood supply to the 
abdominal flap. 

10. What are the relative contraindications to abdominoplasty? 
Contraindications to abdominoplasty focus primarily on conditions that may predispose to poor 

skin flap viability after dissection. Examples include previous scarring above the umbilicus, which may 
indicate poor segmental blood flow, and previous skin unde1mining; a history of smoking; cardiovas
cular disease; and morbid obesity. Although not true contraindications, considerations such as future 
pregnancy and unreasonable expectations of outcome should always be discussed before surgery. 

1 1 . When is musculof'ascial repair or plication indicated? 
Musculofascial  repair is  i ndi cated in a l l  pat ients with musculofasc ial l ax i ty. The anterior 

aponeurosis of the abdominal wall is  the frame on which the cutaneous flaps are draped, and a sig
n ificant amount of trunk contouring can be achieved at this leve l .  Different techniques can be used, 
depending on the type and extent of fascia! laxity. Most surgeons use a vertical rectus pl ication in the 
midl ine as a starting point .  The external oblique may be further pl icated laterally for better waist de
finit ion. Some surgeons even advocate external oblique dissection from the rectus and underlying in
ternal oblique with resuturing of the fascia in  the midl ine. An indication for mini-abdominoplasty, 
particularly in patients with multiple previous pregnancies, is the low-midline fascia] laxity that re
sults from stretching in the relatively weaker fascia! system below the arcuate l ine. This laxity gener
ally can be corrected with midl ine pl ication of the anterior rectus sheath. 

12. What about the umbil icus? 
The umb i l icus usual l y  l ies in  the mid l ine at the level of the superior i l iac p ines;  from an 

anatomic standpoint, these landmarks are used to replace it within the superior skin flap. With mus
cu lofascia l  p l i cation , the umbil ical stalk is  shortened s l ightly; this aids in  creating an inwardly 
drawn, aesthetic navel .  Freeman and Weimer recommend defatt ing the umbil ical stalk to less than 
1 .5 cm in diameter and i nsetting i t  to a reverse omega incision in the superior skin flap. The reverse 
omega incision is reported to add hooding to the superior aspect of the umbi l icus. The vertical mid
l ine of the skin flap is s l ightly defatted above and below the new umbil icus s i te to recreate the verti
cal raphe. The umbil ical stalk is  then affixed to the skin flap with surures that both approximate the 
skin edges and capture the deep fascia! margin. This technique not only strengthen the closure but 
also help to create the invagination of the umbilicus. 
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Suturing technique for affixing the umbilicus to the uperior skin flap 
and anterior rectus fascia. (From Pitman GH (eel):  L iposuction and 
Aesthetic Surgery. St. Louis, Quality Medical Publi h ing, 1 993, with 
permission.) 

13. What are the complications of abdominoplasty? 
The more common complications of abdominopla ty, in order of decreasing frequency, are wound 

infections, seromas, hematomas, minor skin edge necrosis, and minor skin edge dehiscence. Together 
these complications occur in approximately 1 2% of all abdominoplasties and are res nsible for over 
98% of all complications reported. Complications such as major skin necrosis requ iri ng reoperation, 
deep vein thrombosis, or pulmonary embolism are significantly more serious but occur rarely. 

Bl BLIOG RAP HY 

I .  Castanares S ,  Goethe! JA: Abdominal l ipectomy: A modification in technique. Plast Reconstr Surg 7:378, 1 967. 
2 .  Dell in AL: Fleur-de-lis abdominoplasty. Aesth Plast Surg 9:27, 1 985. 
3.  Dubou R, Osterhout DK: Placement of the umbilicus in abdominoplasty. Plast Reconstr Surg 6 1  :29 1 ,  1 978. 



Body Contour ing 3 1 5  

4. Freeman BS, Weiner DR: Abdominoplasty with special attention to construction of the umbil icus: Technique 
and complications. Aesth Plast Surg 2:65, 1 978. 

5 .  Grazer FM, Goldwyn RM: Abdo111 inoplasty assessed by survey with e111phasis on compl ications. Plast 
Reconstr Surg 59:5 1 3 , 1 977. 

6. Hughes WE Jr: The anatomic rationale for abdo111 inal l ipectomy. Am Surg 45:6 1 2, 1 979. 
7 .  Lewis TS: M idabdo111inoplasty. Aesth Plast Surg 3: 1 95 ,  1979. 
8 .  Markman B, Barton FE: Anatomy of the subcutaneous tissue of the trunk and lower extre111ity. Plast Reconstr 

Surg 80:248, 1 987. 
9. Matarossa A: Abdo111inoplasty. Clin Plast Surg 1 6:289, 1 989. 

I 0. Piranguy I :  Abdominal l ipectomy. Clin Plast Surg 2:40 I ,  1 975. 
1 1 . Pitman G H  (eel ) :  Liposuction and Aesthetic Surgery. St. Louis, Quality Medical Publishing, 1 993. 
1 2. Psi l l ikas JM: Plastic surgery of the abdomen with improvement in the body contour, physiopathology and treat-

ment of the aponeurotic 111usculature. Clin Plast Surg I I :465, 1 984. 
1 3. Regnault P: Abdominal dermolipectomies. Cl in Plast Surg 2:40 1 ,  1 975. 
14. Rohrich RJ: Body contouring (overview). Select Read Plast Surg 7:38, 1 995. 
1 5 . Wilk inson TS : Limi ted abdominoplasty techniques applied to complete abdominal repair. Aesth Plast Surg 

1 8 :49, 1 994. 

59.  BODY CONTO U RI N G  

Samuel J Beran ,  M D .  

1 .  What i s  the anatomic distribution o f  fat in men and women? 
Men and women general ly accumulate fat in distinct and predictable patterns, which are geneti

cally and honnonally related. The distribution in men is primarily around the abdomen and torso (an
droid pattern). Women accumulate fat around the hips and thighs (gynoid pattern). 

2. Are there differences in  the layers of fat? 
The subcutaneous fat in the trunk is composed of two layers, superficial and deep. The superficial 

layer is dense and compact, with multiple fibrous septa. The deep layer is more loose and areolar with 
few septa. The deep l ayers are principal ly located around the umbilical ,  paralumbar, gluteal, and 
medial thigh regions. 

3. How is cell ulite formed? 
The fat present in cel lu l ite is no different from ordinary subcutaneous fat. The distinct appearance 

of cel lul i te is due to the architecture of the superficial fat in these areas. The presence of dense vertical 
septa separates the fat into pockets. As the fat hypertrophies or the skin relaxes with age, the septa act 
as anchor points to the skin. This results in the classic accordion appearance of cel lu lite. 

4. If fat is removed, will it come back? 
Fat cell s  are produced by the body during three different periods: in utero, early chi ldhood, and 

early adolescence. Jn general, after reaching maturity, the total number of fat cells in the body wil l  not 
increase. Fat cells that are removed through l iposuction or other techniques will not be replaced by other 
fat cells. However, the remaining cells may hypertrophy, <md the total fat mass in the area may increase. 
The one exception is morbid obesity, in which the fat cells may become hyperplastic and multiply. 

5. What is liposuction? 
Liposuction, also known as l ipoplasty or l iposculpture, is the surgical removal of adipose tissue 

tluough the use of small metal cannulas. 

6. Who originally developed l iposuction? When did it become accepted? 
Dujarrier is generally accredited with the first use of l iposuction in 1 92 1 .  He attempted to remove 

fatty deposits from around the knees of a ballerina but perforated the femoral at1ery, resulting in an am
putation. This set back l iposuction for several years. The modem development of l iposuction can be 
traced to such surgeons as Schrudde, Fisher, Meyer, and I llouz in the 1 970s and 1 980s. 
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7. What are the indications for liposuction? 
Liposuction works best for treating localized fat deposits that do not respond to tradit ional diet and 

exercise. The treated areas wi l l  retain the new contour unless the patient has large wei,,,ht gains. Lipo
suction is not a treatment for obesity. Patients with significant medical problems, patient who have poor 
skin tone or inelasticity, and patients who are taking anticoagulants should not undergo l iposuction. 

8. What is the difference between ultrasound-assisted liposuction and traditional l iposuction? 
Tradi t ional l i posuction removes fat cells through the mechanical avulsion of fat. Ul trasound

assistecl l iposuction (UAL) uses an uJn·asound generator and hanclpiece to produce ul asound energy 
to destroy fat cells in v ivo through a process known as cavitation. The emulsified fat i then removed 
through a hollow channel in the cannula using standard suction. 

9. What is wetting solution? Why do we use it? 
Wetting solution is the del ivery of subcutaneous infiltration into the subcutaneous fat before the use 

of l iposuction. It was pioneered by l l louz in the 1 970s and later adapted by many surgeons, most notably 
Klein, who developed the tumescent technique. The use of wetting solution has two advantages: an 
<mesthetic effect secondary to the use of l iclocaine and a hemostatic effect clue to the use of epinephrine. 

Estimate of Blood Loss 
Technique Infiltrate (as % of \ '  fume) 

Dry 
Wet 
Superwet 
Tumescent 

No infi l trate 

200-300 cc per area 
I cc in filt rate per I cc aspirate 
I nfi l trate to skin turgor 
2-3 cc i nfi l trate per I cc aspirate 

10. What are the most common sequelae of liposuction? 

20-45 
4-30 

The difference between sequelae and complications is what the doctor tells the patient: the patient 
will have the sequelae after the procedure but may have the complications. The most common sequelae 
include contour irregularities, paresthesias, edema, ecchymosis, and discoloration, \� hich occur rou
t inely in almost all patients who undergo l iposuction. However, they resolve spontaneously or with 
minimal n·eatment such as massage. 

1 1 .  What are the most common complications of liposuction? 
The most common compl ications of l iposuction include s ignificant blood I ss, fl u id  sh ifts, 

asymmetries, and contour deformit ies .  The possible complications of skin loss, skin burns, and 
seroma formation are seen more frequently with UAL than with traditional l iposuction. 

1 2. Is it safe to perform l iposuction with abdominoplasty? 
It is safe to perform l iposuction in some areas of the trunk in conjunction with abclominoplasty. 

These areas include the flanks and anterolateral abdominal wal l ;  however, the central abdomen 
should not be treated because skin or flap loss may occur. 

13. What is the recommended treatment for gynecomastia? 
Currently, UAL is an excellent modality for treatment of gynecomastia. It removes the dense fi

brous fat of the male breast and contours the area around the cenn·al core. Occasional ly, resection of 
the small fibrotic remainder may be needed. 

1 4. Does the excessive skin need to be resected after removal of fat via l iposuction? 
In  general, even despite large amounts of removed fat, skin has good elasticity and wil l  confom1 

to the new underlying volume. However, in patients with inelastic skin or in elderly patients, the skin 
may not reclrape and skin resection may be needed. 

1 5. How do you determine whether a patient will benefit from abdominoplasty vs. l iposuction? 
The first determinant is the status of the abdominal wal l musculature. During examination i t  is 

critical to check for the presence of a lax abdominal wall. Diastasis or wall laxity cannot be treated 
by l iposuction. Secondly, if the patient has inelastic skin or severe skin excess, the kin may not re
drape; therefore, excisional techniques are more appropriate. 
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16. What is the treatment for arm ptosis and l ipodystrophy? 
There are two approaches. In mi ld-to-moderate cases, l iposuct ion, e i ther tradit ional or ul tra

sound-assisted, may be effective. If the deformity is  moderate to severe or the patient has inelastic 
skin, direct excision (brachioplasty) may be performed. 

17. How do you prevent complications from a medial thigh lift? 
The most common complications from a medial thigh l i ft are wide scars, vulvar distortion, and 

relapse. They may be prevented by anchoring the thigh flap to the deep layer of the superficial per
inea! fascia (Colles' fascia). 

18. What is autologous fat transplantation'? 
I n  th is  process fat is harvested from one area of the patient and transplanted to another. 

Examples include removal of abdominal fat for such procedures as lip augmentation, repair of postl i
posuction deformit ies, and facial sculpturing. The survival rate of transplanted fat cel ls is  controver
sial . In general, if the fat is treated gingerly, rinsed, and centrifuged, the survival rate is 25-50%. 

19. What are Autologen and A llode�m? 
Autologen i s  autologous processed dermis,  and Al loderm is processed cadaver dermis .  Both 

products can be used for augmentation of the l ip ,  contour deformit ies,  and the nasolabial fold .  
Although no large long-term studies have analyzed survival rates of  the dermis, several reports show 
no resorption after 1 year. 

20. Does the use of Autologen and A lloderm involve any risk? 
The significant risks wi th use of Autologen are infection and resorption. Al loderm is treated by 

a number of techniques to el im inate viable viral and/or cel l  structures. 

CONTROV E RS I ES 

2 1 .  Will u ltrasound-assisted l iposuction (UAL) replace traditional l iposuction? 
Although ini tial ly greeted as the replacement for trnditional l iposuction, the c l in ical applications 

of UAL are now more apparent. UAL appears to be more effective than traditional l iposuction in fi
brous t issue such as the buttocks, gynecomastia, and secondary l iposuction. There may be increased 
skin shrinkage with the use of UAL. UAL, however, wi l l  not replace traditional l iposuction. Instead, 
i t  extends the use of l iposuction in body contouring. 

22. Is fat transplantation the best way to perform lip augmentation or minor contouring pro
cedures where augmentation is required? 

The use of fat transplantation is  somewhat controversial .  Although some surgeons believe that 
50% or more of grafts wi l l  survive, many believe that the survival rates are too variable and unpre
dictable for safe use. Al ternatives include biologic products such as autogenous dermis ,  processed 
cadaver dermis, porcine or bovine collagen, and synthetic products such as Gore-Tex. 

23. Does tumescent l iposuction have an advantage over other techniques? 
Liposuct ion performed without the use of subcutaneous infil tration has a much higher rate of 

blood loss than l iposuction performed with wetting solutions. However, the exact dosage of subcuta
neous infiltration required to provide the beneficial effects has not been thoroughly studied. The risk 
of true tumescent infiltration is fl uid overload. 

24. Are there cures for cel lul i te? 
At present a number of modal i t ies are purported either to ame l iorate or to cure ce l lu l i te .  

However, no definitive studies show clear results in reducing or e l im inating ce l lu l i te .  Techniques 
that have been reported to be effective include ultrasound l iposuct ion, Endermologie, massage tech
niques, and application of creams. None of these has proved to be fruitfu l .  
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60.  CH EMICA L  PEELI N G  AN D D E RMABRASI O N  

Sheilah A Lynch ,  M . D. 

1. What is chemical peeling? 
Chemical peeling, also cal led chemexfoliation, chemosurgery, or dermapeeling. is the applica

tion of one or more exfoliating agents Lo the skin, result ing i n  destruction of portion of the epider
mis and/or dermis wi th subsequent regeneration of new epidermal and dermal t issues. The various 
agents in use may be categorized according to the depth of wounding that they produce. S uperficial 
or l ight peeling involves wounding to the papil lary dermis; wounding to the upper re ·cu lar de1111i s  is 
considered medium-depth peeling; and deep-depth peeling is  to the midreticular demlis. 

Chemical Peeling Wounding Spectrum* 

Superficial wounding (to the stratum granulosum-papi l lary dermis) 
Very l ight :  TCA, I 0-20% (TCA, superficial), resorc in, Jessner's solution, sal icyl ic acid, solid C02. 

ex-hydroxy  acids, tretinoin 
Light: TCA, 35%, unoccluded, s ingle or multiple frost 

Medium-depth wounding (to the upper reticular dermis) 
Combination CO? + TCA ,  35-50%, unoccluded, single or mul t iple frost 

Combination Jess
-
ner's solution + TCA, unoccluded, single or multiple frost 

TCA, 50%, unoccluded (TCA, deep) , s ingle frost 
Ful l-s trength pheno l, 88%, unocc l uded 

Pyru vic ac id 

Deep-depth wounding (to the midreticular dermis) 
Baker's phenol, unoccluded 
Baker's phenol, occluded 

* Depth depends on prepeel skin defatting preparation, wounding agent strength or amount appl ied, and skin 
thickness or location. Cl in ical reepithel ial ization may depend on skin location and the character of the dem1al 
pathology, which may determine the degree of inflammatory response evoked. TCA = trichloroacetic acid. 

From Brody HJ: Chemical Peeling. St. Louis, Mosby, 1 992, p 2 1 ,  with pem1ission. 

2. What are the indications for chemical peeling? 
Chemical peeling may be used for photoaging, including actinic keratoses, solar elastosis, solar 

lentiges, and rhytids; pigmentary disturbances, including melasma, post inflammatory pigmentary 
changes, and other pigmentary dyscromias; superficial scarring; acne vulgaris; rosacea; and m il ia. 

3. What agents are most commonly used for chemical peeling? What are the typical concen-
trations? 

Phenol and trichloroacetic acid (TCA) are most commonly used. The Baker fo1m la for phenol is :  
3 ml U.S .P. phenol (C6H50H) (88%) 
2 ml tap water 
8 drops of l iquid soap (Septisol) 
3 drops of Croton oil 

Phenol, a keratocoagulant, denatures and coagulates the surface keratin. Croton oil i s  a skin irritant 
that enhances the action of phenol. Soap is added to act as a surfactant to enhance penetration. The 
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water i s  a d i l uent to slow down keratocoagu lation and enhance absorption. TCA strength can be 
varied depending on the depth desired: 

Light peeling 1 0-25% 
Intennediate peeling 26-50% 
Deep peel ing 5 1 -75% 

The major advantage of TCA is its versat i l ity. The depth of pee l ing can be individualized for a par
ticular patient's needs, skin type, and underlying pathology. 

4. How do you choose a particular peeling agent to suit your patient's skin type? 
Fitzpatrick has classified skin into six types based on color and response to sunl ight. Types I-III 

are ideal for peeling of al l  varieties, but the l ine of demarcation between peeled and unpeeled skin is 
most prominent in actinically damaged type I skin with marked neck poikiloderma. Red-haired, freckled 
people should forgo the treatment. Type IV skin can be peeled with all peeling agents. If the patient has 
an eye color other than brown, however, the l ikelihood of postinflammatory pigmentation is reported to 
be less. Types V and VI also can be peeled with all peeling agents, but the risk of unwanted pigmenta
tion is greater. Test spots should be perfonned at the hairline in patients who are at greatest risk (types 
V and VI), but this test does not guarantee that the remainder of the face wi l l  respond identically. 

Fitzpatrick 's  Classification of Sun-reactive Skin Types 

SKIN TYPE 

I 
II 
I I I  
IV 
v 
VI 

COLOR 

White 
White 
White 
Moderate brown 
Dark brown* 
B lack 

REACTION TO FfRST SUMMER EXPOSURE 

Always burn, never tan 
Usual ly burn, tan with difficulty 

Sometimes mild burn, tan average 
Rarely burn, tan with ease 
Very rarely burn, tan very eas i ly 
Never burn, tan very eas i ly 

* Asian, Indian, Oriental, H ispanic, or l ight African descent, for example. 
From Brody HJ: Chemical Peeling. St. Louis, Mosby, 1 992, p 36, with permission. 

5. Is pretreatment necessary before chemical peeling? 
Yes. For patients undergoing TCA peels,  tret inoin ( Retin-A) and 4% hydroquinone should be 

used for 4-6 weeks before treatment. Tretinoin decreases the thickness of the stratum corneum, 
thereby increasing the permeabi l i ty of the epidermis to chemical peel ing.  Hydroquinone suppresses 
melanocyte activity and helps to prevent the tendency toward postpeel hyperpigmentation. For pa
tients who cannot tolerate tretinoin, glycolic acid facial creams, used for 4-6 weeks before peeling, 
have yielded comparable results. 

6. Is taping necessary during chemical peeling? 
Use of occlusive adhesive-type tape after phenol-based solutions have been applied is standard 

procedure. The results are defini tely more profound and longer-lasting when tape is used. If a lesser 
degree of depth of peeling is desired, the peel may be pe1formed without tape, using petroleum jelly 
occlusive dressing. In contrast, tape occlusion with TCA does not increase penetration. 

7. Can peeling be done simultaneously with surgery? 
Peeling solut ion should not be applied to any areas that have been undermined during a surgical 

face l ift .  The only areas that may be considered for peel ing are those around the mouth that have not 
been surgically altered. Simultaneous disruption of the blood supply by undermining and the chemi
cal burn produced by the appl ication of the phenol solution are l ikely to produce i rreversible skin 
changes, perhaps even skin necrosis. 

8. Which should be done first-facial surgery or facial peeling? 
If both procedures are planned, surgery should be performed first and the peel ing 2-3 months 

l ater. I f  the peeling is clone first, somewhat more time must elapse before the surgery can be safely per
fonned because of the slower heal ing after peel ing. The choice as to which procedure to do first de
pends on whether the sagging of the face or the lines of the face are the primary concern of the patient. 
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9. What complications may be encountered after peeling? 
Postoperative changes can be classified into two categories. Category I consists of sequelae that 

are expected as procedural s ide effects and resolve completely. Examples include pigmentary 
changes, prolonged erythema (< 3 months), colloid mi l ia, pustulocystic acne, reactivation of latent 
facial herpes simplex v i rus infection, and superficial bacterial infection. 

Category 2 consists of sequelae that are characteristic of the indiv idual agent, occur regardless 
of patient setting, may be secondary to poor postoperative care, and are considered true complica
t ions. True complications inc lude pigmentary changes, prolonged erythema (> 3 months), hyper
trophic scarring, atrophy, and systemic effects such as hepati c ,  renal or cardiac abnormal i t ies 
associated with phenol. 

Skin depigmentation may occur, and patient selection is important. Patients with mult iple freck
les and other sun-induced blotches, as commonly seen in people with red hair, should forgo the treat
ment. Special care should be taken to stop the peel just under the jawline to h ide the l ine of  
demarcation and to feather, o r  blend, the edge. Mi l ia, which are small, superficial epidermal inclu
sion cysts, may occur during the first 6-8 weeks after treatment. In  most instances they resolve w ith 
vigorous washing and/or scrubbing. Persistent cysts need to be punctured and evacuated. 

10. What peeling solution may cause cardiac arrhythmias when it is applied too rapidly to too 
large an area? 

EKG changes, premature atrial or ventricular contractions, bigeminy, and trigeminy may occur 
in patients who absorb large amounts of phenol through the skin. Trichloroacetic acid is not cardio
toxic. Cardiac arrhythmias have not been reported fol lowing its use. 

1 1 .  Regeneration of the epidermis and upper dermis occurs via dermal appendages. What 
previous procedures or medications affect the concentration of dermal appendages and conse
quently regeneration? 

Laser procedures for hair removal and electrolysis leave the tissue with a reduced number of ap
pendages and therefore a l im ited regenerative capacity. Accutane ( isotret inoin), used for the treat
ment of acne vu lgaris, inhibi ts sebaceous gland function. Accutane presents a transient r isk for 
reepithelial ization problems, and patients should not undergo peeling or dermabrasion whi le taking 
this medication or for 6 months after termination of its use. 

12. Discuss Glogau's classification for photoaging and how treatment strategy changes for 
each group. 

Glogau 's classification of photoaging divides patients into four groups based on the degree of 
act inic keratoses, wrinkl ing, and acne scarring and the amount of makeup worn by the patient. This 
classification helps to assess the degree of sun damage in patients with and without a history of acne 
scarring and to make treatment decisions. 

Photoaging Gro11ps-C/ogau' s Classificarion 

Group I-mild (usual ly age 28-35 yr) 
No keraroses 
L i ttle wrinkl ing 

Group II-moderate (usually age 35-50 yr) 
Early actinic keratoses-subtle skin yellowing 
Early wrinkl ing-parallel smi le l i nes 

Group Ill-advanced (usual ly  age 50-65 yr) 
Actinic keratoses--obvious skin yellowing 

with telangiectasia 
Wrinkl ing-present at rest 

Group IV-severe (usually age 65-75 yr) 
Act inic keratoses and skin cancer have occurred 
Wrinkl ing-much cutis laxa of actinic, gravitational, 

and dynam ic origin 

No acne scarrin°' 
Little or no makeup 

Mi ld  acne scarring 
Little makeup 

Moderate acne scarring 
Wears makeup always 

Severe acne scarring 
Wears makeup that does not 

cover but cake on 

From Brody HJ: Chemical Peel ing. St. Louis, Mosby, 1 992, p 38, with permi ssion . 
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13. What are alpha hydroxy acids? 
Alpha hydroxy acids (AHAs), a group of nontoxic organic acids found in natural foods, have been 

i ncorporated i nto a variety of creams, lot ions, and cleansers for general use. They inc lude g lycolic, 
lactic, malic, tartaric, and c itric acids. Recently the c l in ical applications of A HAs have expanded to in
clude their use as alternative chemical peel ing agents. G lycol ic acid i s  currently the most commonly  
used AHA. I t  is frequently applied as  a series of peels separated by 1 -4  weeks in a 50-70% nonneu
tral ized concentrntion. TCA peels usually have a longer interval between applications. 

14. How do glycolic acid peels compare with standard chemical peels? 
Many of the risks and compl ications associ ated with the other pee l i ng  agents are m i n i mi zed 

with the use of glycol ic acid. Virtually every patient is  a candidate for glycoli c  acid peel s ,  inc luding 
Asians, African-Americans, H i spanics and others with deeply pigmented skin .  I n  addi t ion ,  a lmost 
every part of the body can be peeled, including the back, chest, arms, and legs. 

15. What is dermabrasion? 
Demiabrasion is the surgical process by which the skin is  resurfaced by plan ing or sanding, usually 

by means of a rapidly rotating abrasive tool such as a wire brush, diamond fraise, or serrated whee l .  This 
process removes the epide1rnis and superficial dermis to treat a variety of dermatologic conditions. 

16. What are the indications for dermabrasion'? 
Dermabras ion may be used to treat a variety of scars, including traumatic,  acne, and surgical  

scars as wel l  as superficial  lentigos, actin ic keratoses, both decorative and traumatic demial tattoos, 
and, most commonly, fine facia l  wrinkl ing, particularly in the perioral region. 

17. Compare the effects of dermabrasion in  the perioral area with the effects of phenol. 
Because dermabrasion i s  a mechanical process, the depth of peel i s  more control lable; thus, heal

i ng is faster w i th less d iscomfort . Erythema fol low ing dermabrasion resolves faster than that seen 
with phenol. For dark-complected patients, dennabrasion has less of a bleaching effect than phenol.  

18. Should patients undergoing chemical peel or dermabrasion of the perioral area receive 
acyclovir prophylaxis? 

Yes .  For patients with a h is tory of herpes s implex the use of prophylactic acyclovir is warranted. 
Adequate prophylactic doses of acyclov i r  have not been c learly establ ished by a randomized, con
trolled study. Data suggest that 2400 mg/day in  three div ided doses c l i n ical ly min imizes postopera
tive HSY infection rates and also reduces the severity and duration of i l l ness in patients who become 
infected. Valacylovi r  (Yaltrex), a newer a l ternative, may be conveniently admin istered twice a day as 
500-mg capsules or tablets. 
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Gary J .  Rosenberg , M D ,  FACS.  

1 .  What does laser mean? 
Laser is  an acronym for l ight ampl i fication by stimulated emission radiat ion. The laser was first 

developed by Maimon in 1 954. 

2. How is laser light created'? 
A l l  l ight is part of the electromagnetic spectrum. Surgical  lasers are found between the near in

frared and u l trav iolet  port ions of the electromagnetic spectrum, inc luding vis ible l ight .  The active 
medium of a laser is solid, gas, or l iquid in which, when excited by absorbing energy, the atom i s  ele
vated from a normal ground state to a h igher energy state. Then, on spontaneous return to its ground 
state, the atom releases the absorbed energy-the spontaneous emission of radiation. If the atom is  en
ergized, thus interact ing with a photon of identical wavelength, the energy emirted (photons) travels in 
the same direction and in the same phase with the energizing photon-stimulated emission of radiation. 
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A r g o n  
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3. Describe the components of a laser. 
An active medium is  contained within a resonator. At each end of the resonator cavity, there are 

paral l e l  m irrors. An energizer pump suppl ies the source of energy ( thermal ,  e lectric,  or opt ica l ) .  
Then the  energy i s  absorbed by the act ive medium,  causing a population i nvers ion o f  the  atoms 
within the resonator. On reflection, the energy is ampl ified between the paral le l  m irrors. A portion of 
the energy i s  a l lowed to escape through one of the m i rrors, which i s  part ia l ly  reflect ing. Escapi ng 
l ight is monochromatic and col l imated . 

.----- Resonator Cavity ----. 

The components of a laser. 
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4.  Describe how laser light interacts with tissue. 
On contact w ith t i ssue, a small  amount of l ight is  reflected, some is  scattered, and some is trans

mi t ted through the t issue. B u t  the vast majority is  absorbed. On absorption i nto the t issue, the im
parted k i ne t ic  energy i s  converted to heat ,  which coagulates, ablates,  or cuts  the t issue. The 
chromophore in the t i ssue determines which wavelength w i l l  be absorbed by the t i ssue. 

5. What is selective photothermolysis"? 
Selective photothe1molysis is the process whereby selective destruction of specific m icroscopic 

cel l u lar s tructures i s  determined by the durat ion pulse of the laser. To avoid destruction of the sur

rounding t issue, there must be a rapid decrease in temperature after the in i t ia l  exposure to the l aser 
energy, with heating secondary to absoqJtion. The time required for t i ssue to cool to 50% of the init ial. 
temperature is cal led thermal relaxation time. Therefore, h igh energy of short duration (m icro
seconds) protects the remaining tissue. At the t ime of vaporization, the surrounding tissues are immedi
ately cooled to 60-70° Celsius .  At this temperature collagen shrinks and t ightens as i t  i t  reconfigures. 
The in i t ial shrinking and tightening of the skin are visual ized as laser resurfaci ng is perfonnecl. 

6. What are the long-term effects of the C02 laser on the skin'? 
A fter the in i t ia l  inflammatory phase and reepithe l ia l ization have been completed, there is an i n

growth of new col l agen in the G renz layer of the derm is (neocol lagenesis ) .  Between 6 weeks and 6 
months there is a tremendous pro l i feration of new col l agen throughout the ent ire th ickness of the 
dermis .  Studies have shown that prol i feration continues up to J year and may cont inue even longer. 
There is a lso a s imul taneous new formation at 6 months to I year. The elastin organizes itsel f into a 
tight network, particularly in the deep dermis .  

7. How does reepithelialization occur"? 
The progen i tor ce l l s  for the reepi the l ia l ization remain protected deep wi th in  the ha ir  fol l ic les 

and sweat glands at the t ime of laser resurfaci ng.  Migration, reproduction, and coalescence of these 
progenitor epidermal cells reepi thel ial ize the skin. With t ime, the normal l ayers of the epidem1 is re
const i tute themselves. 

8. Does the pigmentation of a patient's skin influence the results of laser resurfacing"? 
Patients w i th l ighter, th in  sk in  usual ly requ i re l ess aggress ive resurfac ing.  M ost often, the 

rhyticls of the skin have the qua l i ty of c igarette paper and respond readi ly  to conservative laser resur
facing. Postoperative erythema may last longer than the usual 4-6 weeks. Proper moisturizers, reas
surance, and avoidance of agents that may i rritate the skin are required. Occasional ly, a patient with 
excessive sens i t iv i ty of the skin may require further interventional management. A t  the other encl of 
the spectrum are patients with dark, ol ive complexions and thick skin .  S uch patients tend to hyper
pigment after l aser resurfacing.  This process is self- l imi t ing but can be treated readi ly  with hyclro
qu inone 4% twice dai ly; hyclrocortisone I %  twice daily; and tret inoin 0.0 1 25% twice dai ly. Patients 
shou ld  be treated for 3 weeks preoperat ively and then as soon as the hyperpigmentat ion appears 
postoperatively. An honest di scussion of hyperpigmentation with patients prior to laser resurfacing is 
the most important component of treatment. 

9. Since the C02 laser is in the invisible infrared spectrum, should precautions be taken for 
protection of the eyes"? 

The Occupational Safety and Health Admin istration and common sense d ictate that the answer 
is  a resounding yes. There is no excuse for damage to the eye of  the patient, plastic surgeon, or staff. 
Everyone i n  the operat ing room m ust wear protective plast ic eyewear. A reflected beam may shatter 
eyewear made of g lass. A l l  pat ients undergoing laser resurfacing must have frosted metal scleral  
protectors w ith l ubricating ointment. I t  is  a lso helpfu l  to place two drops of  topical ophthalmic anes
thetic drops in each eye before placement of the scleral protectors. Sciera! protectors must be frosted 
on their outer surface. 

10. If a patient presents with increased erythema and swelling, itching, and pain 5-10 days 
postoperatively, what should be done'? 

R u le out contact dermat i t i s ,  especia l ly  from topical ant ibiot ic o intments. A d iagnost ic  potas
sium hydroxide preparat ion to rule out cancliclal infection is important, along wi th  a sk in cu l t ure to 
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rule out topical bacterial i nfect ion. Candida! infection is  effectively treated with oral ant ifungal 
agents as wel l  as a topical antifungal. Bacterial infection should be treated with the appropriate an
tibiotic revealed by culture and sensi t iv i ty. 

1 1 . Describe the management of a patient who presents with painful vesicular lesions, with or 
without low-grade fever. 

Most l ikely the lesions are clue to herpes simplex v irus and are treated most effectively with 
valacyclovir, 500 mg 3 t imes/day, usual ly for I week. As long as the low-grade fever improves or 
diss ipates, this management is  a l l  that is  needed. Patients with systemic s igns such as increasing 
malaise, increased fever, weakness, or central nervous system symptoms should be admitted to the 
hospital and receive intravenous antiviral agents. 

12 .  Can laser resurfacing of the face be done simultaneously with face and neck lift? 
Most experienced laser surgeons laser the midface at the same t ime that they perform the face 

and neck l i ft but not the full face for fear of necrosis of facial flaps. At present, it is considered h igh 
risk to resurface the entire face simultaneously with face and neck l i ft .  

1 3. Which is preferable for postoperative care-the open or closed technique? 
The c losed technique, which consists of covering the skin with Flexan, Vigilon. Second Skin ,  

S i lon, or another occlus ive agent, is  preferred by many laser surgeons. Others fav r a dressing of 
only vaseline with regular compresses consisting of hydrogen peroxide 50%/50% water, followed by 
compresses of Domeboro solution. A recent study by Seckel demonstrated an increased rate of in
fection with the closed technique. 

BIBLIOGRAPHY 

1 .  Anderson R, Parrish J :  Selective photothermolysis precise microsurgery by selective absorption of pulsed ra
diation. Science 220:524-527, 1 983. 

2 .  Anderson R ,  Parrish J :  Laser-t issue interactions. In  Fitzpatrick RE, Goldman MP (eds) :  Cutaneous Laser 
Surgery. St. Louis, Mosby, 1 994. 

3. Fitzpatrick RE: The U l trapulse C02 laser: Selective photothennolysis of epidermal tumor . Laser S urg Med 
5(Suppl) :56, 1 993. 

4. Rosenberg GJ: A comparison of the Coherent U ltrapulse and Sharplan Si lk Touch lasers. Presented at the Annual 
Meeting of the American Society of Plastic and Reconsn-uctive Surgeons, Dallas, TX, November 1 996. 

5. Rosenberg GJ: Discussion of Stuzin J .M. ,  Baker T.J., Baker T.M. ,  Ki lgman A.A. ,  H istologic effects of high
energy pulsed CO? laser on photoaged facial skin. Plast Reconstr Surg 99:2055, 1 997. 

6 .  Rosenberg GJ:  The 
-
longterm histologic effects of the carbon dioxide laser on skin [submitted for publ ica

tion]. 
7. Rosenberg GJ, Gregory RO: Lasers in  aesthetic surgery. Clin Plast Surg 23:29-48, 1 996. 
8 .  Seckel B: Shrinking effect of CO? laser resurfacing of skin. Presented at the Annual Meeting of the American 

Society of Laser Medicine and Surgery, Phoenix, AZ, April 1 997. 
9. Sriprachya AS, Fitzpatrick RE, Goldman MP, Smith SR: Infections complicating carbon dioxide laser resur

facing for photoaged facial skin. Dermatol Surg 23:527, 1 997. 
1 0. Stuzin J M, Baker TJ , Baker TM, K l igman AM: Histologic effects of the high energy pulsed CO? l aser on 

photoaged facial skin. Plast Reconstr Surg 98:2036, 1 997. 
-

1 I .  Wheeland RG: Cl inical uses of lasers in dermatology. Laser Surg Med 1 6 :2-23, 1 995. 

6 2 .  TATTOOS 

Raymond G .  Dufresne, J r , M . D . 

1 .  What is a tattoo? 
A tattoo is a foreign material entered into the detmis by needle or some other trauma that resul ts 

in a v isible, indel ible mark in the skin. The depth varies with the type of tattoo and has an effect on 
the choice of removal technique. Professional tattoos from the tattoo parlor are usually p laced super
fic ia l ly in the dermis at a fairly uniform layer. As a result, the material is fai rly accessible to most 
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removal techniques. However, the  amount of dyes may be signi ficant. Homemade tattoos wi th  I ndia 
ink have a varied depth ( 1 -3 mm), but usually a smaller amount of ink is  present. Traumatic tattoos 
from an abrasion tend to be superficial .  Traumatic tattoos from penetrating injuries usual ly have a 
deeper component. H istorically, newer and professional tattoos were believed to be easier to remove. 
However, wi th the Q-switched lasers, older and homemade tattoos seem to respond the best. 

Options for Tartoo Removal 

Deep destruction 

co2 laser 
Infrared coagulator 

Superficial destruction 
Chemical peeling 

Derma bras ion 
Salabras ion 

Electrocautery 

Dennaplaning 

Argon/KTP lasers 

Cryosurgery 
Q-switched lasers 

2. What is the h istory of the tattoo? 

Innammatory methods 
Tannie acid 
Oxalic acid 
Urea 

Surgical methods 
Excision, including serial excision 

Punch excision 

Excision wi th grafting 

Flap 

Tissue expansion 
Other 

Overtattooing 

The story of tattoos begins with the desire to decorate the human body. Tattoos certainly existed 
in ancient Egypt. The Polynesians were known to have had tattoos and, thus, started a naval tradi
tion. In modern t imes, tattoos have become prevalent in Western society. 

3. Why do people get tattoos? 
Tattoos have been placed for decoration (personal satisfaction, attention-seeking behavior, iden

t ification with groups such as Hel l 's Angels, gangs, or armed forces), identification (prisoners, Nazi 
concentration camp survivors), and personal proclamations, including love. Tattoos may be used for 
cosmetic purposes, such as eyel iner, eyebrows, and nipple reconstruction. Tattoos are used medically 
for marking radiation ports. Lastly, tattoos may result from trauma. The most common example i s  an 
auto accident in which road debris enters the skin. Of course, many of us have a tattoo resulting from 
running with a pointed penci l .  

4.  How does motivation affect outcome of removal? 
In  some circumstances, such as removing a tattoo that says "I Love Sally" from a man who is mar

ried to J i l l ,  a quick C02 laser removal or excision resulting in a minor scar may be quite acceptable to 
the patient. However, when a scar is not acceptable, removal with a Q-switched laser may be the better 
option. Patients with tattoos from trauma or radiation markers may have psychologic problems that the 
physician must consider and address. 

5. Are cosmetic, professional tattoos safe? 
Overa l l ,  the answer is yes. The dyes are general l y  selected to have l it t le reaction ( i .e . ,  to be 

inert) .  This does not mean, however, that the patient cannot become sensitized to a tattoo. The red 
from c innabar, for example, is a well-described sensitizer. Usually, the reaction is  delayed hypersen
sit ivity, but more serious anaphylactic reactions may occur or even coexist. The delayed hypersensi
t ivity presents as a granulomatous and/or itchy dermati t is-l ike reaction in the area of a certain dye. 
At times the reaction may be photoallergic. 

The use of a Q-switched laser in a patient wi th an al lergic reaction is  dangerous because the 
dyes are broken up and freed from the macrophages, al lowing potential worsen ing of the reaction. [n 
this situation, excis ion or possibly the co2 laser is a better choice. 

Infectious disease transmission is  a more serious question. Hepat i t is  has been associated with 
tattoos for decades, and the fear of A I DS has raised concern about tattooing in  the publ ic health 
sector. Some states ban tattooing, others regulate and license tattooing, and still others have no over
sight at a l l .  
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6. Have weird reactions been reported in tattoos? 
Of course. Anything arising in a tattoo becomes a case report, including skin cancers, such as 

melanoma, keratoacanthoma, and sarcoid, and diseases that show kebnerization, such as psoriasis, 
keloids, discoid l upus, l i chen planus, and Darier's disease. Rarely, systemic immune responses such 
as erythema mul tiforme and scleroderma may occur in association with tattoos. Reactions of the 
metal p igments may occur during an MRI. A host of rare infections have been reported in  asso
ciation with tattoos: leprosy, Treponema pallidum, papillomavirus, molluscum, and Mycobacrerium 
tuberculosis. 

7. Why not simply cut out the tattoo? 
There is nothing wrong with cutting out a tattoo. This method of removal is fast and direct and 

may be cost-effective. In some circumstances, cutting out the tattoo is the most prudent treatment 
and, in cases of al lergy, the least risky. S imple punch excisions may be used for mall traumatic 
scars. For larger tattoos, serial excisions, flaps, t issue expansion, or excision with appl ication of a 
skin graft may be considered. In considering excision, remember that most tattoos occur in s i tes that 
tend to heal with problem scars, such as the torso and extremit ies. 

8. What happened to the C02 laser? 
The C02 laser was a popular option before Q-switched lasers, bui l t  on the success of other de

structive processes and the current love affair with new high-tech approaches to any problem, were 
developed. co2 laser removal was a favored approach due to the bloodless field, ability to view the 
tattoo particles, and high patient approval. In  comparison with other destructive methods, the C02 
laser vaporizes the tattoo, generally removing it in one session. Larger tattoos are removed in smaller 
sections ( 1 0  cm2) to avoid contraction scars on the extremities. 

In the first step, the laser vaporizes or bl isters off the epidermis; the tattoo becomes brighter 
with the loss of the skin cells. The laser is then used to vaporize into the dem1is to remove the bulk of 
the tattoo material. Not al l  of the material needs to be removed, because some of the tattoo i s  leached 
out during the healing phase. Some surgeons use the CO, laser l ike dermabrasion to remove the epi
dermis and then combine i t  with other destructive techniques, such as salabrasion or tannic acid. 
Urea also has been used (50% ointment) as an adjunct to superficial laser abrasion. 

The wound is al lowed to heal by second intention, usually  with some type of occlusive dressing 
(e.g., Vaseline gauze, Vigilon). Because of the 1isk of hypertrophied scars, some surgeons use potent 
topical steroids as soon as reepithel ia l ization occurs. In any case, intervention with i ntralesional 
steroids (e.g., 5-20 mg/di triamcinolone) may st i l l  be needed. Although the outcomes are sometimes 
good, C02 laser removal makes sense only if the patient is happy with a scar rather than the tattoo 
and wants one treatment. 

9. What about salabrasion? 
If one removes the epidermis and invades the superficial dermis in some manner, some of the 

dyes wi l l  leach out of the dermis and may disseminate during the inflammatory pr cess. Salabrasion 
was classically done with table salt, abrading the skin and leaving salt on the wound for several min
utes; longer periods up to 4 hours or more result in  more pigment removal but al o more scarring. 
The longer the salt is  present, the greater the injury. 

10. How does tannic acid work? 
Tarmic acid or oxalic acid also has been used after epidermal abrasion to induce an infl anima

tory reaction and subsequent leaching of pigment. Tannie acid has been used alone in an overtattoo
ing method without dermabrasion. 

1 1. Can dermabrasion be used alone? 
In this approach, the epidermis and superficial dermis are abraded. The tattoo brightens with the 

loss of the epidermis .  An occl us ive dressing is placed and removed dai ly;  the leaching of dye i s  
noted. The wound can then be  abraded with gauze. This approach al lows more time for the material 
to leach out of the dennis .  If the response is partial, the procedure can be repeated. The depth of de
struction is kept superficial ;  thus, scarring can be minimized. However, scarring, dyschromia, and 
partial response are problems. 
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Leff , M ulticolored tattoo. Ce111er, Ta1100 immediately after superficial  dermabrasion. Note brightening of  the 
tattoo after epidermis removal. Righi, Tal!oo pigment on gauze 24 hours after clermabrasion. (Courtesy of Dr. 
Louis Fragola.) 

12. If dermabrasion works, what about chemical peeling? 
Because a chemical peel with trichloroacetic acid (or even phenol ) causes epidermal loss and 

some dermal injury, i t  may be effective on tattoos. Al though a few reports exist, including a large 
Scottish study, chemical peeling has not been generally used. 

13. What about dermaplaning? 
In addition to the CO? laser and dermabrasion, a dermatome may be used to remove the epider

mis  and upper dermis. This technique has been reported in a small number of cases. I t  makes sense 
that any technique of superficial destruction or removal wi l l  work in the same manner. 

14. Any other thoughts on nonselectivc destruction? 
Light electrocautery may be used in small tattoos, and the infrared coagulator is effective in the 

removal of the material in tattoos. The argon laser also has been used, but with scarring and residual 
pigmentation result ing.  As always, the rat io of tissue damage to extent of material removal is  the 
heart of the matter. The Q-switched lasers changed this ratio (and require less ski l l ) .  

15. What arc Q-switched lasers? 
Presently, three Q-switched lasers are available: ruby (694 nm), YAG ( 1 064 nm and double-fre

quency YAG at 532 nm), and alexandrite (760 nm).  These lasers operate by giving off short pulses 
(nanoseconds) that disrupt the tattoo material and cause minimal disruption of adjacent dermis and 
epidermis ( i .e . ,  they demonstrate selective photothermolysis). Q-switched lasers can disrupt the in
tracel lu lar pigment selectively, alter the pigment, and allow the redistribution and e l imination of pig
ment because the duration of the laser is  so short and the energy so high that the pigment is  heated 
and disrupted before the adjacent dermis is injured. 

The wavelength must be matched to the color pigment, and multiple wavelengths are needed to 
treat different colors . Al l  Q-switched lasers work wel l  with black and India ink, but the ruby laser 
will not remove red, although i t  is  effective in green tattoos. The double-frequency YAG is effective 
for red but not green. The alexandrite appears to be effective in blue/black, red, and green but does 
less wel l  with orange and yellow. 

16. Any tips for using Q-switched lasers? 
• I  routinely use a clear polyurethane or Vigilon-l ike material over the tattoo to keep the splatter, 

which moves too fast for an evacuator, off my face and out of the air. A cool sheet of Yigilon is  
soothing and in theory may reduce epidermal damage. 
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• With treatment, whitening of the epidermis gives you a sense of the endpoint. Heavy bleeding 
points suggest an overaggressive approach. 

• Competi t ive absorption in a heavi ly pigmented patient l imits  effect iveness but may sti l l  be 
used. As one would expect, the less tanned the patient's skin, the better. 

• Do not rush. A few months between treatments is not a problem; in fact, it ma_ be beneficial. 

17. What kind of complications may occur with the Q-switched laser? 
In comparison with other techniques, scarring occurs in a smal l number of cases and usual ly re

sponds to time and intralesional steroids. Scarring decreases as the t ime between treatments i s  
lengthened from 2 weeks to  6- 8  weeks. Most patients have temporary hypopigmentation. However, 
occasionally a whi te depigmentation may be permanent. Rarely, a tattoo may change color w ith 
treatment; a wel l-described phenomenon is  l ight or natural tones that turn black with treatment. 
However, unmet expectations are probably the most common problem. 

Left, Old, partially faded professional tattoo after two treatments with the Q-switched YAG. Note light hypertrophic 
scar at the strings of the gloves. Right, Response to four additional laser treatments, with go i mprovement in  
tattoo disappearance and resolution of the scar without treatment. Note slight hypopigmentation in  the  treated area. 

18. So the worst problem is that it may not work? 
Exactly. Even with the right laser, the number of treatments and final outcome ( i .e . ,  how much 

is  removed) cannot be predicted. Imagine the frustration of 10 treatments with only partial response. 

19. Are some tattoos easier to remove than others with the Q-switched lasers? 
The easiest to remove are clearly the homemade lesions, which use a small amount of India ink. 

The worst are bright, new, multicolored tattoos. Tattoos overlying other tattoos are hard and unpre
dictable. Old tattoos respond better than new tattoos. 

20. What about traumatic tattoos? 
In most tattoos foreign material is  introduced on purpose, but material may be entered by 

trauma, such as road grit from an auto accident, powder from a blast, or penci l  p int from rushed 
movements. The best approach is prevention in the acute phase, trying to remove as much material 
as possible immediately after the i nc ident. Careful c leaning of the wound, i ncluding the use of 
brushes, should  be petformed. The use of an occlusive dressing may allow further material to leach 
out, much l ike a therapeutic dermabrasion. 

21 .  Once you have a traumatic tattoo, are the choices the same as for a decorative tattoo? 
Exactly. The choices are excision, spot demiabrasion, laser abrasion, or Q-swirched lasers. The 

depth and materials vary from case to case, and one needs to be creative in treating a tattoo. In addi
tion, patients may have an underly ing scar that becomes more apparent after the igment is gone. 
Remember to consider the psychologic effects of the trauma when evaluating patient expectations. 

22. Does the tattoo have a role in plastic surgery? 
The use of medical tattooing procedures is  underappreciated. In the past, tattoos were used to 

h ide scars or blend in  discolorations, such as port wine stains. Cosmetic tattooing has been used in 
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skin grafts and vermil ion enhancement. Although the use of tattooing in port wine stains has been re
placed with better treatments, tattoos are more commonly used in circumstances such as permanent 
eyeliners, eyebrows, postrnastectomy periareolar reconstruction, and covering areas of vi t i l igo. Low
cost units for this purpose are read ily available. Penmark makes a commonly used unit .  

The loss of pigment in v i t i l igo can be stressful and quite obvious, especial ly in a pigmented pa
tient. By using a unit such as the Penmark enhancer with a multineedle brush, wide areas can be cov
ered. This technique is most helpful in local ized areas, such as the hand, that respond poorly to 
psoralen and ul traviolet A (PUVA) and are di fficult to cover effectively. 

Cosmetic tattooing may be used to enhance existing eyelids (blepharopigmentation) or eyebrows 
or to m imic hair for patients with traumatic hair loss or alopecia areata. Ferrous oxide is the common 
pigment and appears to have a great safety profi le with few al lergic reactions. Cosmetic tattooing also 
may be used to create the i l lusion of an areola and nipple when a formal reconstruction is not desired 
or possible. lt has the advantage of a low invasive approach, and the appearance can be excellent. 

Retattooing ( i . e . ,  covering a prior tattoo) can be helpfu l  by hiding the offending port ion.  
Examples include tattooing clothes on a naked figure or hiding the name of a loved one from the past. 

Medical Uses ofTarrooing 

Color blending and pigment replacement 
Port wine stains 

Mimicking of los t  structures 

Skin grafts 
Vermil ion-coloration of flaps 
Scars/burns 
Vitiligo 

Miscellaneous: radiation ports 
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63 . E N DOSCOPIC S U RG E RY 

Osca r M .  Ram irez. M . D . ,  FACS , a nd W .G .  Eshbaugh ,  J r. ,  M . D .  

1 .  What technologic advances enabled the rapid prol iferation o f  endoscopic techniques in  
surgery? 

• Creating an optical cavity. Techniques such as insufflating the abdominal cavity with nonflam
mable gas (e.g., CO,), fi l l ing synovial spaces with saline, and use of special ized retractors and 
sleeves for soft tissue endoscopy allow enlargement of the workspace for endoscopic procedures. 

• Electrocoagulation. The earlier uses of high-frequency currents produced destructive temper
atures and were hazardous with insufflated oxygen in closed body cav ities. The modern use of 
mono- and b ipolar e lectrocautery with nonflammable gases al lows hemostasis with much 
lower temperatures. 

• Light source. With the advent of fiberoptics and "cold l ight" (heat shield placed around the 
bulb) consisting of an incandescent tungsten element in iodine, halogen, or xenon vapor, abun
dant light with m inimal heat can be transmitted to the surgical cavity. 
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• Imaging. Coherent bundl ing of glass fibers, the Hopkins rod-lens system scope, sol id-state 
chip sensor video cameras, of which the charged coupled device ( CCD) is the most common, 
and high-resolution monitors al low mainstream use of endoscopy in surgery. 

2. What is the Hopkins rod endoscope? 
Named for the British physicist who introduced it, the Hopkins rod greatly improves the optics 

of endoscopy by using a glass rod with interspersed air spaces rather than the traditional tube of air 
with interspersed glass lenses. 

�··v I l \) I 0 
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The Hopkins rod endoscope (/Jo110111) compared wi th  the tradi t ional glass rod enclose pe (rop). 

3. How is endoscopic surgery different in plastic surgery compared with other specialties? 
Most endoscopic procedures in other specialties are performed in natural ly occurring, readi ly 

accessible body cav it ies, such as the abdominal, thoracic, synov ial ,  and sinus ca\'i t ies ,  or hol low 
organs, such as the gastrointestinal tract and urinary bladder. In plastic surgery, most endoscopic 
procedures are perfom1ed in surgically created soft tissue planes, which required the development of 
specialized instrumentation. Lack of natural cavities and incompatibi l i ty with existing instrumenta
tion used in other specialties are the main reasons why plastic surgeons were late in developing en
doscopic techniques. 

4. Which common procedures in plastic surgery are now performed endoscopically? 
The endoscopic forehead l i ft has gained widespread popularity. Endoscopic procedures for har

vest ing of certain flaps (muscle, jejunum, and omentum), removal of benign subcutaneous tumors, 
carpal tunnel release, tissue expansion, and rejuvenation of the face and neck have become increas
ingly common. Breast procedures for augmentation. implant inspection, gynecomastia correction, 
mammary hypertrophy, and ptosis are performed endoscopically in selected pat ients. More recent 
advances in endoscopic plastic surgery are currently used less commonly. Examples include treat
ment of varicose and incompetent veins, reduction and fixation of facial fractures, neurolysis, tendon 
and nerve harvesting, and strip craniectomies for craniosynostosis. 

5. Which muscles are responsible for forehead animation'? 
The frontal is ,  corrugator superc i l i i ,  procerus, and orbicularis ocul i .  Over time, repeated contrac

tions of these muscles lead to prominem wrinkle l ines perpendicular to the axis of the muscle. 

6. What is the nerve supply to each of these muscles'? 
The frontal is and corrugators are innervated by the frontal branch of the facial nerve. The buccal 

branch innervates the procerus, and the orbicularis is  innervated by the frontal and zygomatic 
branches. 

7. Which muscles are associated with the vertically oriented glabellar frown l ines'? 
The corrugator superc i l i i .  The corrugators have obliquely oriented fibers within the superome

dial portion of the orbicularis ocu l i .  These muscles must be modified to improve the glabel lar frown 
l ines. 
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8. What is the significance of the procerus muscle? 
The procerus is a vert ical ly oriented muscle extending from the nasal root superiorly into the 

glabel lum.  It pu l ls down the medial brow and glabel lar skin and contributes to the development of 
horizontal wrinkles al the root of the nose. 

9. What are the important components of an endoscopic forehead lift? 
The areas to be d issected are infi l trated with l idocaine contain ing epinephrine. Three to six s l i t  

i nc i s ions are made behind the hair l i ne in  the  centra l ,  paramedian, and  temporal regions i f  lateral 
brow d issect ion i s  planned. The optical cavity is created with blunt d issect ion posteriorly as far as 
the occiput ,  depending on the amount of sk in  to be redraped; anteriorly to 3 cm above the orbi tal 
rims; and tempora l l y  to create a plane between the superfic ia l  temporal fascia and temporal fascia 
proper. With aid of the endoscope, the temporal d issection is continued within I cm of the zygomatic 
arch. The forehead is  e levated in the subperiosteal plane across the supraorbi ta l  rims to the lateral 
canth i .  The corrugator superc i l i i ,  procerus, and orbicularis oculi muscles are mod i fied by transec
t ion, d isruption, resection, or denervat ion. The wide underm ining of the scalp a l lows the forehead to 
be elevated upward without skin excision. Fixation of the redraped scalp is  commonly achieved with 
temporary percutaneous screws or permanent sutures placed into the outer cortex of the sku l l .  

10. The location of which nerves is  important during an endoscopic forehead lift'! 
The frontal branch of the facial nerve may be encountered i n  the temporal d issect ion.  This 

motor nerve runs in the superficial  fat pad above the superficial  temporal fascia and crosses the zy
gomatic arch m idway between the tragus and lateral canthus. The supraorbital and SUJJratrochlear 
nerves are sensory branches of the ophthalmic d iv i sion of the t rigeminal nerve. The supraorbi ta l  
nerve exits the superior orbit adjacent to the periosteum, travels  superiorly 2-3 cm, penetrates the 
fronta l  i s  muscle,  and con t inues in  a subcutaneous pos i t ion to the forehead and scalp.  The supra
trochlear nerve exi ts the orbi t  medial to the supraorbital nerve and courses through the corrugator 
musc les to i ts subcutaneous location in the scalp. 

CONTROVE RSY 

1 1 .  What are the advantages and disadvantages of endoscopic surgery vs. the traditional or 
open approach? 

Advantages. Endoscopic techniques a l low smal l ,  remote incisions with magni fication and i l lu
m inat ion of the operative fie ld .  Pat ients often have a shorter convalescence with sign i ficant reduc
tions in morbidi ty and financial costs. Teach ing is enhanced with the use of mult iple h igh-resol ut ion 
monitors that a l low many students to v iew the procedure s imul taneously. 

Disadvantages. As with any new technique, a learn ing curve is  associated w ith developing pro
ficient sk i l l s  in endoscopic procedures. Crit ics c i te the losses of stereoscopic v iewing and tacti le sen
sory information wi th  endoscopic surgery. Because of the re lat ively recent development of many 
endoscopic procedures performed in plastic surgery, long-term resul ts  are unavai lable. 
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64.  AUG ME N TATION O F  TH E FACIAL S K E LETON 

Stephen D.  Bresnick ,  M . D , D D S ,  and J ohn  F. Rein isch , M . D .  

1 .  What are the two most common sites i n  which alloplastic implants are used fo r  facial aug
mentation in  Western cultures? 

The chin and cheekbones are the most common sites for alloplastic facial implantation. Western 
cu ltures tend to find a strong, muscu lar jawline and chin extremely attractive. In add it ion, high 
cheekbones with associated subtle cheek hol lows are considered aesthetically desirable .  Chin im
plants are the most common alloplastic implants in facial aesthetic surgery. Malar implants are the 
second most common al loplastic implant. 

2. In Asian cultures, what is the most common site for p lacement of an al loplastic facial  
implant? 

The nasal dorsum is the most common anatomic site for placement of an al loplastic facial im
plant in Asian countries. A defined and sculpted nasal dorsum is considered aesthetically desirable in 
many Asian cultures.  

3. What is the most common material used to make alloplastic facial implants? 
Si l icone ( sol id) is  by far the most common material used in the construction of al loplastic im

plants. Si l icone implants are biocomparible, stable, modifiable, and easy to work with . S i l icone i s  used 
to manufacture all types of alloplastic facial implants, including chin, malar, and submalar implants. 
Polyethylene (Medpor) and hydroxyapatite implants are also used in facial alloplastic implantation but 
far less commonly than sil icone. Polyethylene implants are manufactured for ear reconstruction, nasal 
augmentation, and other facial augmentation purposes. Hydroxyapatite implants are used for recon
struction of the cranium (cranioplasty), dental alveolar ridges, and other facial bony structures. 

4. Compare tissue reaction to a solid, smooth silicone implant and a solid, textured polyeth
ylene implant. 

Solid s i l icone implants used in facial augmentation are smooth and generate the formation of a 
capsule. Capsules have an inner, smooth, endothelial l in ing. The capsule does not grow into s i l icone 
implants. On the other hand, porous polyethylene implants allow tissue ingrowth; they are made of 
thousands of tiny polyethylene beads fused together. Pores between the beads al low small blood ves
sels and collagenous matrix to grow into the interstices of the implant. Thus, polyethylene implants 
are much more d ifficult to remove than s i l icone implants. 

5. Is l iquid silicone currently used in facial augmentation? 
No. In modern practice, l iquid s i l icone has no role as an augmentation mate1ial .  However, since 

the 1 960s, many patients have undergone liquid s i l icone injections freely into facial t issues for facial 
augmentation. Although discontinued in the United States, l iquid si l icone is st i l l  used for facial aug
mentation in some countries. Liquid s i l icone is associated with significant long-term complications. 
Over t ime, l iquid s i l icone tends to m igrate through tissue planes, causing significant inflammatory 
reactions, tissue calcification, and deformity. 

6. Alloplastic implants can augment structures in the head and neck to improve speech func
tion. How can an alloplastic implant be used to improve speech in patients ith short or ab
normally functioning palates? 

Implants can be placed in the posterior pharynx to augment the pharyngeal wall. During certain 
sounds in normal speech, the soft palate touches the posterior pharyngeal wal l .  Patients with short or 
abnormal palates often do not make palatal contact with the posterior pharyngeal wal l .  Such patients 
have velopharyngeal incompetence. Nasal escape of air results in hypernasal speech. Alloplastic im
plants made of Teflon or si l icone can be placed beneath the prevertebral fascia in the posterior pharynx 
to plump up the posterior pharyngeal wal l and to help obtain closure with the palate during speech. 

332  
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7 .  What anatomic designs are available in facial implants? 
A great variety of implant designs is commercially avai lable. Examples of facial implants in

c lude ch in ,  jowl ,  combinat ion chin-jowl ,  nasal  dorsal ,  malar, extended malar, submalar, dorsal 
columella, and mandibular angle implants. Implants also may be custom-manufacn1red for an indi
vidual patient. Most facial implants are constructed of s i l icone elastomer. 

T?P � 
view � 
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Basic Chin Implant Anatomical Chin Implant Standard Malar 
Implant 

Various shapes of common facial al loplastic implants. 

Anatomical Malar 
Implants 

8. A patient seeking a consultation for facial cosmetic surgery has a large nose, weak chin, 
and an obtuse cervicomental angle. The plastic surgeon plans to perform rhinoplasty, chin 
augmentation with a silicone implant, and liposuction of the neck. In what order should these 
procedures be performed? 

Facial balance and harmony are important concepts in aesthetic surgery. Al teration of the chin 
and neck significantly alters the appearance of the patient and creates a stronger lower facial appear
ance. For this reason, chin augmentation should be performed before rhinoplasty. Al teration in the 
profile of the chin influences the amount of recontouring of the nose. Once chin augmentation has 
been performed, less extensive nasal reduction is  required to create facial  balance and harmony. 
Thus, it would be advisable to perform the procedures in  the fol lowing order: chin augmentation, 
neck l iposuction, and rhinoplasty. 

9. In what ratio ( implant projection to soft tissue projection )  do facial al loplastic implants 
augment soft tissues? 

The facia l  soft t issue response to fac ial skeletal change is about 0.66. In other words, an im
plant with I cm of projection gives significantly less than I -cm projection (about 0.66 cm) when i t  
is  placed. The di fference is due to  the thinning of the soft t issues overlying the  implant. Most large 
chin implants provide about 0 .8 cm of projection, or about 0.5 cm of soft t i ssue projection after 
placement. 

10. In  what anatomic location are facial alloplastic implants placed in  relation to facial soft 
tissues and bone? 

Alloplastic implants are best placed subperiosteally. Subperiosteal placement with careful pocket 
dissection is important to minimize compl ications and give the best results. With a subperiosteal loca
tion, most al loplastic implants are stable and non-palpable. Careful dissection to the subperiosteal 
plane and subperiosteal p lacement of the implant minimizes soft tissue trauma, decreases possible 
injury to the facial expression muscles, and minimizes postoperative sensory dysfunction. 

1 1 .  Ear reconstruction can be performed with al loplastic implants shaped into the normal 
anatomic configuration of an external ear and require coverage with vascularized fascia. What 
is the most common fascia! layer used to cover an alloplastic ear implant? 

The temporoparietal fascia, which is  located just deep to the hair fol l icles and superficial to the 
temporal is muscle, is most commonly used to cover al loplastic ear implants. The superficial tempo
ral artery runs through the temporoparietal fascia. This fascia! layer can be raised as a flap and trans
posed downward over an al loplastic ear framework to create a vascularized envelope for the implant. 
Skin grafts and skin flaps may be used to cover the fascia. 
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1 2. Several years after placement of a chin implant, the patient notices that the chin promi
nence has slightly decreased. No evidence suggests that the implant has been displaced. What 
is the most l ikely cause for subtle loss of 1>rominence? 

Bone resorption beneath the implant is the most l ikely explanation. Over time, implants usually 
cause some resorption of the underlying bone. This is  usual ly not a significant pro !em; most often, 
the loss is  only several mi l l imeters in bone thickness. 

13. What surgical approaches are used for the l>lacement of chin implants'? 
Chin implants are placed with either an intraoral or a submental approach. The intraoral ap

proach has the advantage of rapidity, convenience for the surgeon, and no external skin incision. 
D isadvantages of the intraoral approach include a higher infection risk, less v isual ization of the dis
section, and possible disruption of the labial sulcus. 

The submental approach is often used when additional procedures, such as l iposuction, direct 
submental fat excis ion, or platysmaplasty, are planned. Advantages of the submental approach in
c lude better v isual ization of the dissection, access to neck soft tissues, lower infection risk, and im
proved preservation of the labial sulcus. Disadvantages of the submental approach include external 
scar (although it is  well camouflaged), more difficult dissection, and longer operating time. 

14. What surgical approaches are used for the 1>lacement of malar implants? 
Malar implants may be placed through either intraoral or extraoral approaches. The extraoral 

approaches include subcil iary, preauricular, and transcoronal approaches. The subci l iary approach 
is best used when malar augmentation is combined with lower l id blepharoplasty, because direct v i 
sual ization of the zygoma and precise implant placement are possible. Care must  be taken to avoid 
the possible compl ications of eyelid scarring and ectropion. The preauricular approach is usefu l  
when malar augmentation is  combined with face l ift (usually composite or deep-plane face l ift). This 
approach al lows sterile placement of the malar implant and lower infection rates, but it is  not used 
when malar augmentation without face l i ft is desired. Transcoronal placement of malar implants 
may be used when malar augmentation is combined with forehead l i ft or subperiosteal face lift. 

The intraoral approach is  preferred by most surgeons. This technique involves placement of 
an anatomical ly s ized implant in a subperiosteal location over the zygoma with a minimal buccal 
vestibular incision. Advantages of the intraoral approach include ease and rapidity of p lacement, no 
visible scar, and low complication rates. 

15. What are common complications after placement of an alloplastic facial implant? 
The most common complications include hematoma, infection, extrusion, malposition, sensory 

nerve dysfunction, and facial muscle weakness. Most compl ications are related to a postoperative 
hematoma that causes wound healing problems and infection. The incidence of infection, extrusion, 
or hematoma has been found to be less than I %  in several series. 

16. What is the most common compl ication after placement of a ch in  i mplant? A malar 
implant? 

Hypoesthesia of the lower l ip is the most common complication after placement of a chin im
plant. This problem is usually transient, unless the mental nerve has been inadvertently damaged or 
the implant is  impinging on a nerve. Malposition is the most common complication after malar im
plant placement. 
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65 . C H EST WALL RECONSTRUCTIO N  

Norman Weinzweig , M D . . and Jeffrey Weinzweig, M . D .  

1 .  When do the skeletal components of the chest wall form embryologically? 
The ribs, costal cartilages, and sternum form during the sixth week of gestation. The primit ive 

sternum arises from two lateral mesenchymal bands that fuse by the ninth week of gestation. During 
this period the thoracic ribs, costal cartilages, and intervening musculature develop independently of 
the sternum. By the ninth week, the ribs have matured and cartilages 1 -7 have joined the sternum. 
Cartilages 8- 1 0  are incorporated shortly afterward. Congenital chest wall anomalies arise from de
velopmental d isturbances during this period. 

2. What are the muscular layers of the chest wall? 
Between the overlying skin and underlying rib cage are a number of muscles that can be divided 

into two main groups: inspiratory and expiratory muscles. The inspiratory muscles serve as eleva
tors of the superior aperture of die rib cage and assist with expanding the chest volume. They include 
dle sternocleidomastoid and scalene muscles, which insert onto the c lav icle and the first and second 
ribs. Major resections of the upper sternum and ribs result in a partial col lapse of the ribs inferiorly 
and a measurable functional loss in ventilation. The expiratory muscles attach to the m uch larger in
ferior aperture of the rib cage and constrict the skeletal structure downward, forcing the abdominal 
contents upward against the diaphragm to assist with expiration, coughing, and sneezing. They in
clude the rectus abdominis, internal oblique, and external oblique muscles. Muscles attached to the 
clavicle, scapula, and humerus, such as the pectoralis major, trapezius, and latissimus dorsi, are pri
marily involved in movement of the shoulder and arm. 

3. What are the functions of the chest wall? 
The chest wal l has both structural and functional roles: 
l .  It provides a bony shel l  for protection of v ital v i sceral organs, including the heart, l ungs, 

l iver, spleen, pancreas, and kidneys. 
2 .  I t  provides a flexible frame for respiratory movements. 
3. Muscular components actively contribute to inspiration and expiration. 
4. Chest wall muscles attached to the clavicle, scapula, and humerus contribute to movement of 

the shoulder and arm. 
5 .  Overall expansion of the rib cage is crucial to creating negative pressure necessary for lung 

expansion during inspiration; loss of rigid support over a large area of the rib cage resul ts  in an 
inward motion of the chest wal l-paradoxical movement. 

4. What are the most common indications for chest wall reconstruction? 
Defects of the chest wall requiring reconstruction most often result from ( I ) trauma, (2) tumor 

resection, (3) infection, (4) radiation ulcers, or (5) congenital defects. These defect may be superfi
cial, involving only the soft t issue of the chest wal l ,  or complex, involving the skeletal framework, 
thoracic cavity, or mecl iastinum. 

5. What are the principles of chest wall reconstruction? 
l .  Adequate debriclement and resection of all tumor, osteoradionecrotic t issue. or infection 
2.  Obl iteration of intrathoracic dead space 
3. Skeletal stabi l ization if more than four ribs or > 5 cm of chest wal l are resected en bloc 
4. Adequate soft tissue coverage 
5. Aesthetic consideration 

6. What type of tissue is most often used for reconstruction? 
Muscle and musculocutaneous flaps are the tissues of choice for chest wall reconstruction. Local 

skin flaps, regional peclicle flaps, and thoracoabdominal tube flaps were used until the popularization 
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o f  muscle and musculocutaneous flaps i n  the mid 1 970s. The pectoral is  major, latissimus dorsi, ser
ratus anterior, and rectus abdominis muscles are most frequently used. 

7. What are the indications for free tissue transfer? 
Free tissue transfer for chest wall reconstruction is performed infrequently. It is reserved for cases 

in which regional flaps are unavailable or have already been used. Microvascular anastomoses can be 
perforn1ed using the thoracodorsal, subscapular, or internal mammary arteries as recipient vessels. 

8. What options are available for skeletal stabilization? 
Stabil ization of the sternum for defects encompassing more than four contiguous rib segments 

is  necessary for restoration of normal protective and respiratory function of the chest wal l .  Various 
materials can be used in this capacity, incl uding autogenous t i ssue ( rib grafts, fascia, large muscle 
flaps), synthetic compounds (Teflon, Prolene mesh, Gore-Tex) ,  and composite mesh (a  Marlex
methyl methacrylate composite). Muscle flaps can also stabilize large chest wall defects without re
sult ing in flail segments , espec ially in the radiated chest wal l ,  in which local t issues have st iffened 
secondary to chronic inflammation from radiation exposure. 

9. What is the incidence of median sternotomy infection? 
Median sternotomy infection occurs in 0.4-5.0% of cardiac procedures. 

10. What is the significance of sternal wound infections? 
Postcarcl iotomy sternal wound infection is a l i fe-threatening complication. Mortality rates range 

from 5-50%. Infection may extend into the mediastinum, affecting prosthetic valves, bypass grafts, 
and suture I in es. 

1 1 .  Should serial debridement be performed after sternal wound dehiscence? 
Not necessarily. Nahai et al. reported a series of 2 1  I consecutive cases of sternal wound cover

age. The pectoral is  major muscle flap was used in 56% and the rectus abdominis muscle in 38%. 
Stngle-stage debridement with muscle flap coverage immediately on diagnosis of sternal deh iscence 
was successful in 95% of cases. 

12. Is there a correlation between use of the internal mammary artery ( IMA)  for bypass graft
ing and the incidence of sternal wound infections·? 

Yes .  Perforators of the l M A  are the main blood supply to the sternum. Therefore, use of the 
IMA for bypass grafting may compromise the vascular supply of the sternum, delaying wound heal
ing and increasing the risk of infection. Cosgrove et al. demonstrated no sternal wound comp I ica
tions in patients in whom saphenous vein grafts were used for bypass, a 0.3% incidence in patients 
in whom uni lateral IMA grafts were used, and a 2.4% incidence in patients in whom bilateral ! MA 
grafts were used. 

13. How are sternotomy wound infections classified? 
Pairolero c lassified infected sternotomy wounds into three types: 
Type I infected sternotomy wounds occur in  the first 1 -3 days postoperatively and consist of 

serosanguinous dra inage with negative wound cu ltures without cel l u l i t is ,  costochondrit is ,  or os
teomyeli t is .  Wounds requ ire reexploration, minimal debridement, and rewiring of the sternum. 

Type II infected sternotomy wounds occur in the first 2-3 weeks postoperatively and consist of 
purulent mediastinit is with positive wound cultures, cel lu l i t is ,  costochondritis, and osteomyel itis. 

Type III infected sternotomy wounds present months to years after card iac procedures. 
Draining s inus tracts resu l t  from chronic costochondrit is and osteomyel i t is .  Type I I  and Type I l l  
wounds requ ire thorough debridement and reconstruction. 

14. How are median sternotomy wounds reconstructed? 
Because of its location on the chest wal l ,  its s ize, and its arc of rotation, the pectoral is  major 

muscle is the flap of choice for reconstruction of median sternotomy wounds. This muscle originates 
on the clavicle, sternum, six upper ribs, and aponeurosis of the external obl ique muscle and occupies 
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the anterior chest wal l .  I t  inserts on the intertubercular sulcus of the humerus, forming the anterior 
wall and fold of the axi l la .  The pectoral is major muscle is a type Y muscle supplied by the thora
coacromial artery, its dominant pedicle, and segmental perforators from the IMA. 

The muscle is harvested through the sternotomy wound. Wide undermin ing ar the level of  the 
pectoralis fascia is  perfom1ed, and the muscle is then detached from the ribs and sternum. Dissection 
proceeds latera l ly  after identification of the thoracoacromial ped ic le on the undersurface of  the 
muscle, and the humeral attachment is  divided. The muscle is  then dissected from the clavicle and 
advanced medially to cover the defect .  Coverage of large defects with exposed heart and great ves
sels can often be accomplished with bi lateral pectoral is  major muscle flaps. 

Pedicle flap donor sites for chest wall reconstruct ion .  A .  
Pectoral i s  major muscle flap. 8.  Lat issimus dorsi muscle flap. 
C, Serratus anterior muscle flap. D, Greater omentum flap. £, 
Rectus abclominis muscle flap. (From Cohen M: Reconstruct ion 
or  the chest wal l .  I n  Cohen M ( ed) :  Mastery of  Plast ic and 
Reconstructive Surgery. Boston, Litt le, B rown. 1 994, p 1 250, 
with permission. )  

1 5. How can the pectoralis major muscle be used as a "turnover" flap'? 
The pectoral is major muscle can be based medially on the perforating branche of the IMA if i t  

is  intact. After the anterior surface of the muscle is  exposed, dissection of the muscle from the chest 
wall is pe1fo1111ed from lateral to medial to avoid injury to the IMA perforators. The thoracoacromial 
pedicle is identified and l igated, and dissection is continued up to 2-3 cm lateral to the midl ine
again, to protect the perforators. The muscular attachment to the humerus is  divided. and the muscle 
is  turned over l ike a page in a book to cover the defect. When possible, preservat ion of a partial at
tachment of the superior portion of the muscle to the humerus provides a better aesthetic result by 
preserving the anterior axil lary fold. 

16. When is the rectus abdominis muscle used'? 
The rectus abdominis muscle can be used to supplement a pectoral is  major muscle flap when 

additional bulk is  needed or when the pectoral is  major muscle is  not available. Based superiorly on 
the deep superior epigastric artery, a terminal branch of the IMA, this type ill mu le can be turned 
on itself to fill a defect of the chest wall or mediastinum. The rectus abdominis muscle is harvested 
through a midl ine or paramedian skin incision. The anterior rectus sheath is incised. and the muscle 
is divided at the necessary level inferiorly and elevated from the posterior rectus sheath in a caudad 
to cephalad fashion. The muscle is  mobil ized on its superior pedicle and transpo ed into the defect. 

17. Can the rectus abclominis muscle be used when the ipsilateral IMA has been harvested for 
bypass grafting'? 

Yes. The rectus muscle can be harvested based on the eighth intercostal ves e l .  However, the 
distal third of the rectus muscle often has tenuous vasculari ty. 
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18. What role does the omentum play? 
Weinzweig and Yetman reported the largest series of omental transposition flaps for coverage of 

infected sternal wounds. In their series of 25 patients, the greater omentum, either alone or in combi
nation with muscle flaps, provided reliable coverage after radical sternectomy for deep in fections, 
inc luding osteomye l it is ,  chron ic chondrit is ,  and mediastinit is ,  as wel l  as for extensive and lower 
third sternal wounds. Ninety-five percent of wounds ultimately healed without intraabdominal prob
lems or chest wall instabi l i ty. 

19. What is a sternal cleft? 
Sternal clefts, described as early as 1 772 by Sandi fort, are rare defom1 ities in which a grotesque 

depression in the m iddle of the chest may reveal the pulsating heart through the overlying skin .  
I nterruption of sternal fusion may resu l t  in these impressive anomal ies .  A superior sternal cleft 
occurs secondary to a deficiency in cephalad fusion; a distal sternal cleft results from a premature 
cessation of fusion. 

20. Which congenital anomalies are associated with developmental abnormalities of the ribs? 
Developmental abnormal ities of the ribs may result in supernumerary ribs or hypoplasia of the 

costal cart i lages. which may be associated with Poland's syndrome. Anomalous rib development 
also may result in pectus excavatum and pectus carinatum. 

2 1 .  Which congenital chest wall anomaly is associated with ipsilateral hand deformities? 
Poland's syndrome. 

22. What is Poland's syndrome? 
Described by Alfred Poland in 1 84 l ,  th is  congen ital anomaly is  characterized by part ia l  or 

complete absence of the pectora l i s  major muscle and hypoplast ic or absent adjacent muscu
loskeletal components. The deformity consists of a number of uni lateral fi ndings, including par
t ia l  agenesis of the ribs and sternum, brachysyndactyly, mammary aplasia ,  and absence of the 
latissimus dors i ,  serratus anterior, and pectoral is  major muscles in the severe form . In the mi ldest 
form of Poland 's syndrome, m i ld hypoplasia of the breast and lateral n ipple displacement may be 
the only findings. 

23. Do the reconstructive goals differ in females and males with Poland's syndrome? 
Yes. Although the goal in both cases is restoration of a natural contour to the anterior chest wal l ,  

reconstruction o f  a symmetric breast mound, a normal-appearing n ipple-areolar complex, and sub
clav icular ful lness are necessary in female patients. In both male and female patients, the best aes
thetic result is usual ly accomplished by a latissimus dorsi muscle transfer to the anterior chest wal l .  
In women, s imul taneous insertion o f  a submuscular mammary prosthesis is  usual ly performed. 
Depending on the severity of the anomaly, a muscle flap may be performed without the need for a 
mammary implant;  s imi larly, reconstruction of mi ld forms of the syndrome may requ ire use of a 
prosthesis alone. 

24. What is pectus excavatum? 
Pectus (chest) deformit ies occur as commonly as I in 300 l ive births. Pectus excavatum (funnel 

chest) is the most common chest wall deformity. The depression of the anterior chest wall usual ly 
begins at the sternal angle (angle of Louis) and reaches its deepest point at the level of the xiphoid. 
The concave deformity is  occasionally so severe that the sternum contacts the vertebral bodies or 
passes to one side of the vertebral bodies into the paravertebral gutter, accounting for the associated 
cardiopu lmonary and physiologic abnormalit ies. Th is anomaly is bel ieved to result from overgrowth 
of the costal cartilages, which force the sternum posteriorly in the case of pectus excavatum and an
teriorly in the case of pectus carinatum (see question 26). 

25. How is pectus excavatum treated? 
The Ravitch technique for reconstruction involves elevation of perichondrial flaps and resection 

of the involved costal cart i lages (usually 4 or 5 on each side) with preservation of the costochondral 
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junction when possible. The xiphoid process is  divided to permit elevation of the sternum. A posterior 
transverse osteotomy of the sternum is performed superiorly, and the sternum is fractured forward. A 
bone wedge is used to stabil ize the sternum at the osteotomy site posteriorly. An anterior transverse 
osteotomy is then performed inferiorly and stabi l ized with a bone wedge anteriorly. The sternum is 
then stabilized with wires to adjacent ribs and bilateral pectoral is flaps are surured to the sternum in 
the m idl ine. 

The sternum turnover procedure involves transection of the ribs and intercostal muscles bi lat
era l ly  at the costal arches along the margin of the deformity. The sternum i s  transected above the 
level of the deformity, removed en bloc, and turned over. The convex side is  then flattened by wedge 
resections and trimmed to fit the chest wall defect. The sternum is sutured in place with wires, and 
each costal cartilage or rib is  sutured with heavy si lk. 

26. What is pectus carinatum'? How is it related to pectus excavatum? 
Pectus carinatum (pigeon breast) is  a protrusion deformity of the anterior chest wall and is con

s idered the opposite of the pectus excavatum deformity. This condition occurs much less commonly 
than the excavatum anomaly. Surgical reconstruction for pectus carinatum is s imilar to that used to 
correct pectus excavatum. The abnormal costal cartilages are resected through a subperichondrial 
approach, and the sternum is reposit ioned to restore the anterior chest wall cont ur. A substemal 
metal l ic strut is used to support the reposit ioned sternum. Wires are used to secure the stru t  to the 
sternum and surrounding ribs. 
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66.  ABDOMI NAL WALL RECON STRU CTIO N  

Norman  Weinzweig, M D ,  and Gloria Chin , M . D .  

1 .  What is the functional role of the abdominal wall? 
The abdominal wall consists of a wel l -del i neated system of vert ical ly, obl iquely, and trans

versely oriented muscles that play a key role in posture, standing, walking, bending, and l i fting. In 
addition, the abdominal wall muscles protect the abdominal v iscera and increase i ntraabdominal 
pressure to aid in coughing, vomit ing, defecation, micturition, and parturit ion. These muscles also 
play a supporting role in normal respiration. 

2. What are the anatomic l imits of the anterior abdominal wall? 
The anterior abdominal wall is  bordered superiorly by the lower rib margins and xiphoid 

process and extends inferiorly to Poupart's l igaments and the pelv ic brim. 

3. What are the layers of the abdominal wall'? 
• Skin 
• Superficial fascia: superficial fatty layer, Camper's fascia, Scarpa 's fascia 
• Muscles and their aponeuroses :  external oblique, internal obl ique, transversus abdomin is ,  

rectus abdominis, and pyramidal i s  
• Properitoneal fat 
• Peri tone um 

4. What are the origins and insertions of the abdominal wall muscles'? 
External oblique muscle-most superficial of the three muscles in the lateral aspect of the ab

dominal wal l .  It arises from the lower eight ribs and interdigitates with the serratus anterior and latis
simus dorsi muscles. It inserts on the anterior half of the i l iac crest; inferiorly its aponeurosis forms 
the inguinal l igament (Pou part's l igament), which extends from the anterosuperior i l iac spine to the 
pubic spine. 

Internal oblique m uscle- l ies beneath the external oblique. Its origin is in the lumbodorsal 
fascia, anterior two-thirds of the i l iac crest, and lateral two-thirds of the inguinal l igament. The lower 
fibers join those of the transversus abdominis muscle to form the conjoined tendon, which inserts on 
the pubic crest and spine and on the ileopectineal l ine. The superior fibers insert as a broad aponeu
rosis into the l i nea alba and cartilages of the seventh to ninth ribs. 

Transversus abdominis muscle-located deep to the internal oblique muscle. Its origin l ies in 
the lower six ribs, lumbodorsal fascia, anterior two-thirds of the i l iac crest, and lateral one-th ird of 
the inguinal l igament. It inserts on the l inea alba and contributes to the conjoined tendon that inserts 
on the pubic spine and i leopectineal l ine. 

Rectus abdominis muscle-longitudinal muscle located in the medial aspect of the abdominal 
wal l .  I t  arises from the front of the symphysis and pubic crest and inserts on the x iphoid process and 
cartilages of the fifth through seventh ribs. 

Pyramidal is muscle-small triangular muscle that I ies superficial to the rectus muscle. It arises 
from the front of the pubis and inserts on the linea alba half way between the symphysis and umbilicus. 

5. What are the functions of the abdominal wall muscles? 
The rectus muscles flex the body anteriorly and are important in c l imbing in and rising out of 

bed. The external and internal obl ique muscles are involved in rotating the upper body against the 
lower body. The vertical component of these muscles can substitute for the rectus muscles if they are 
absent. 

6. What is the arterial supply to the abdominal wall? 
1 .  Superior epigastric artery-a terminal branch of the inrernal mammary artery that suppl ies 

the upper central abdominal skin through the upper rectus muscle. 
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2 .  Thoracic and lumbar intercostal arteries-t ravel between the external and i n ternal  
oblique muscles with direct lateral skin perforators. 

3. Deep inferior epigastric artery-a branch of the external i l iac artery that enters the lower 
rectus muscle and suppl ies i t  and the accompanying vertical or transverse skin paddle. 

4. Deep circumflex il iac artery-a branch of the external i l i ac artery supplying the i nner 
aspect of the i leum and skin over the i l i ac crest. 

5. Superficial inferior epigastric artery-a branch of the femoral artery that s uppl ies the skin 
and subcutaneous t issue of the lower abdomen. 

6. Superficial circumflex i liac artery-a branch of the femoral artery that suppl ies the sk in 

and subcutaneous t issue over the anterosuperior i l iac spine. 
7. Superficial external pudenda! artery-a branch of the femoral artery that suppl ies the skin 

and subcutaneous t issue over the pubis. 

7. What is the venous and lymphatic drainage of the abdominal wall? 
The venous drainage para l lels the arterial supply to the abdominal wal l .  The upper abdomen i s  

drained by the superior epigastric, i ntercostal, and axi l lary veins.  The lower abdomen is drained by 
the superficial inferior epigastric, superfic ial  c ircumflex i l iac, and deep inferior epigastric veins. The 
superfic ia l  lymphat ics drain into the gro in  and ax i l l ary nodes .  The deep system drains upward 
toward the in ternal mammary or deep i l iac nodes. 

8. What are the most frequent causes of abdominal wall defects? 
Trauma (shotgun blasts) Massive infection (necrotizing fasci it is)  
Tumor (primary or recurrent) Postoperative incisional hern ia 
Radiation therapy Congen i tal anomalies (gastroschisis, omphalocele) 

9. What is gas gangrene of the abdominal wal l? How do you differentiate it from anaerobic 
clostridial cellulitis? 

Gas gangrene, or clostridial myonecrosis, is a rare but highly lethal postoperative compl icat ion 
that requires early recogni tion and prompt surgical debridement of all i nvolved layers of the abdom
inal  wal l .  C l in ical  signs incl ude wound swel l ing, tenderness, drainage. d iscoloration that changes 
from pink to magenta within a few hours, and usually a small amount of crepitation. The patient is 
toxic out of proportion to the temperature elevation, with signs of tachycardia and hypotension. The 
wound cul ture is polymicrobial  with at least one species of C/osrridium. usual ly C. oedamariens or 
C.  sepricum. The most important exotox in i s  leci thi nase. The main d i fference between anaerobic 
clostridial cel l u l i t i s  and c lostridial myonecrosis is the relationship of the gas to the igns of toxicity; 
a smal l amount of gas w i th severe toxici ty usually represents clostridial myonecrosis. 

10. What are the most common congenital defects of the anterior abdominal wall?  
Omphalocele and gastroschisis. 

11 . What is an omphalocele? What causes it? 
An omphalocele i s  a developmental anomaly of the abdominal wall that occurs in I in 3,200 to I 

in 1 0,000 l ive births, often in associat ion with sternal or diaphragmatic abnormal i t ies, heart defects, 
or ex trophy of the bladder. Large defects, often associated with syndromes, have a high mortality rate. 
An omphalocele resu l ts from fai lure of the four folds of the abdom inal wal l  (endoderm, ectoderm, 
inner splanchnic and outer somatic mesoderm) to fuse at the umbi l ical ring. The sac (yolk sac) of 
amnion and chorion that covers the ev iscerated mass commonly contains l iver and midgut. The defect 
develops during the extracolemic phase, between the s ix th and twelfth weeks of intrauterine l i fe,  
when the ent i re m idgut passes out of the abdomen and into the yolk sac.  A fter a period of l inear 
growth the bowel rotates 270° counterclockwise around the superior mesenteric vascular axis before 
returning in to the abdomen. Defects range from those l imited to the umbi l icus to those extending 
from the xiphoid to the pubis.  The umbil ical cord attachment is most often at the apex of the sac. 

12. Is an omphalocele a true hernia? 
An omphalocele is 1101 a true hernia. No peritoneum l ines the sac, and the contents have never 

truly been in the abdomen. 



Abdomina l  Wa l l  Reconstruct ion 343 

13.  What is a gastroschisis'? 
A gastroschisis is a fu l l -thickness defect of the abdom inal wal l  that occurs l ateral to the umbi l i 

cal  r ing with the umbi l ical cord altached at the normal posit ion.  The herniated v i scera are 1101 cov
ered by amnion. 

1 4. Besides the physical findings of the abdominal wall, what characteristics do patients with 
gastroschisis have in common? 

Nonrotation of the bowel ,  abnormally short miclgut, and smal l peritoneal cavity. 

1 5. How does a gastroschisis differ from an omphalocele? 
A gastroschis is  d i ffers from an omphalocele in that it l acks a covering sac and it is rare to see 

l iver or other organs in the defect .  The intestines are usual ly th ickened, maned, and shortened be
cause of prolonged contact with the amniotic fl uid .  Umbil ical cord insert ion is normal.  The abdomi
na l  wall defect is l ateral to the umbi l icus .  usua l ly  on the right s ide where the umbi l ical  vei n  has 
resorbed, leaving it  structural ly weaker. 

16. What are the major causes of mortality in patients with an omphalocele or gastroschisis? 
Sepsis,  increased intraabdom inal pressure postoperat ively, respiratory insufficiency, and cata

bol ic state associated with prolonged intest inal i leus. 

1 7. What other major anomalies are seen in patients with gastroschisis and omphalocele? 
In testinal atresia (20-25% of pat ients), malrotation, and volvulus.  

1 8. What is the treatment of patients with gastroschisis or omphalocele'? 
Primary closure,  i f  i t  does not produce dangerously h igh in traabclominal  pressure. Otherwise, 

staged procedures are i nd icated. Si Ion (s i last ic-coatecl Dacron) ,  polyethylene, or Teflon sheets are 
sutured to the edges of the fascia! defect. and the viscera are gradual ly returned into the abdomen as 
the wall relaxes and the cavity enlarges. If necessary, local or regional flaps are then placed. 

1 9. What is "prune belly" syndrome? 
Prune bel ly  syndrome, also known as triad syndrome or Eagle-Barrett syndrome, consists of a 

tr iad of anomal ies found al most exclusively in newborn boys: ( I )  absent or hypoplast ic abdom inal 
wal l  musculature, (2) b i lateral cryptorch ism, and (3) di latation of  the uri nary tract. On physical ex
amination, the m uscular deficiency may be l im i ted to one area. ranging from complete absence of 
muscle to the presence of al l  muscles as thin but recognizable structures. Complete absence of the 
lower rectus m uscles is most common. The abdomen appears wrinkled or flabby, much l i ke a prune, 
because of the weakened abdom inal wal l .  As the child grows, the body contour resembles a pear or 
pot bel ly  more than a prune. Children are often subject to respiratory compl ications clue to impaired 
d iaphragmatic motion. Surgical correction involves a combined approach to correct the urologic and 
gonadal defects at the same time. Patients are encouraged to develop the avai lable muscle(s) .  Recent 
reports describe the t ranspos i t ion of the tensor fascia  Iara and rectus  femoris muscle flaps to 
strengthen the abdominal  wal l .  

20. What are the most important considerations in the evaluation of  abdominal wall defects? 
• U nderlying d isease process-acute or chronic wound? Reconstruction can proceed either im

mediately, as i n  the case of tumor ablation or rad iation, or in delayed fashion, as in the case of 
trauma with gross fecal contam ination or massive infect ion. 

• Stab i l i ty of the wound-has al l  of the necrot ic and/or infected t issue been removed? 
• Gastrointest i na l  fis tu la 
• Part ia l  vs. fu l l -th ickness defect 
• Lower vs. upper vs. ent ire abdominal wall defect 

2 l .  What studies aid in the evaluation of abdominal wall defects'? 
A CT scan or MRI is helpfu l  in eval uating the extent of lllmor invasion or the i ntegrity of poten

t ia l  muscle or musculocutaneous flaps to be used in reconstruction. The vascular status of these flaps 
can be determined by a color flow duplex Doppler study that combi nes Doppler u l trasound and B
mode ul trasound to produce images of blood vessels and their surroundings. A fistu logram or an in
testinal contrast sllldy may be needed to evaluate for abdom inal fistu las. 
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22. Describe the management of acute losses of the abdominal wall .  
Ini t ia l  management of acute losses of the abdominal wal l ,  as in traumatic injuries with massive 

fecal contamination or necrotizing fasci itis, begins with the ABCs of resuscitation (airway, breath
ing, circulation). After stabilization of the patient, aggressive surgical debridement is performed. I t  is 
critical that abdominal wounds not be closed under tension because of the prohibitive morbidity and 
mortality. It is  also best to avoid closure of acute injuries by elevation of local soft tissue flaps with 
the intention of later hernia repair. This approach merely opens new tissue planes that may spread in
fection and unnecessari ly  increases the operative t ime. Although exposed viscera can be d i rectly 
skin-grafted, skin grafts lack the resilience to protect internal organs, promote adhesions, and pro
vide unstable coverage. Moreover, the risk of early enteric fistulas is high. The treatment of choice in 
the acute setting is  the use of synthetic mesh for abdominal support. 

23. What are the objectives in abdominal wall reconstruction? 
I .  The integrity of the abdominal wall must be restored to protect the intraabdomi.nal viscera and 

to prevent herniation. Abdominal ·wall suppott can be reconstituted either by alloplastic materials, such 
as Marlex or Prolene mesh, or by musculofascial flaps, such as tensor fascia lata or rectus femoris. 

2 .  Soft tissue coverage can be provided by either a skin graft or one of several flaps. Adjacent 
abdominal soft tissue can be transposed for coverage. Omentum, measuring as much as 25 x 45 cm 
in surface area, can be placed either above or below the mesh to prevent adhesions to the v iscera and 
then skin-grafted. Various musculofascial and musculocutaneous flaps or free tissue transfers can be 
used for defini t ive coverage. These flaps also may contain a fascia! component and can be used to 
provide both support and soft tissue coverage. 

24. How do you treat acquired abdominal wall defects? 
1 .  Acute traumatic wounds. Temporizing measures such as packing or a "zippered"mesh may 

be used to cover v iscera while the acute problems are treated and the patient is  stabil ized. 
2 .  Infection 

• Infection l imited to the skin and subcutaneous tissue, including abscesses and some syner
gistic infections, requires drainage and wide debridement with preservation of the underly
ing muscle and fascia. 

• Infection of the abdominal wal l fascia, such as necrotizing fasciit is, requires wide debride
ment of the involved fascia and overlying infected skin and subcutaneous tissue. 

• Clostridial myonecrosis involves all layers of the abdominal wall  and therefore requires 
full-thickness resection. 

3. Tumor resection. Primary tumors of the abdominal wal l include desmoid tumors, sarcomas, 
and thei.r mal ignant variants. There also may be primary skin malignancies, malignant degeneration 
of chronic scars, fistulas, and radiation injury. Secondary tumors resu l t  from extensions of carc i
noma of the colon, bladder, gallbladder, or other v isceral malignancies. The primary goal of treat
ment is  defin i t ive resection. The specimen is examined. If resection is  considered, the wound can be 
managed temporarily with dressings or mesh. 

4. Radiation wounds involve an area of skin prone to ulceration or infection that does not heal. 
The treatment i s  w ide resection and examination of the specimen for recurrence. Once the wound 
margins are tumor-free, definitive reconstruction can be performed while the wound is temporarily 
covered with dressings or mesh. 

5. Postoperati ve defects. Abdominal wall defects after surgery include inc is ional hernias, 
parastomal hernias, and local breakdown of catheter and infusion s i tes. Defects also may result from 
exposed or infected mesh, skin-grafted viscera, or painful, irregular scars. Reconstruction is consid
ered only when the in itial problem and associated complications are resolved. 

25. What are the reconstructive options? 
1 .  Prosthetic materials are used for abdominal wall support. 
2. Skin grafts are most often used in cases of massive abdominal trauma. When the wound is 

stable, they can be removed by dermabrasion or excision. The hernia is  repaired with mesh, and the 
wound is covered with a local or regional flap. 

3. Local flaps. Skin and subcutaneous flaps can be based laterally on the intercostal vessels, on 
perforators from the deep circumflex i liac artery, or on axial vessels from the superficial circumflex 
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i l iac, superior epigastric, or superficial external pudenda! arteries. The external oblique muscle may 
be used as a medially based musculofascial turnover tlap or a laterally based musculocutaneous tlap. 
The rectus muscle, based on e i ther the superior epigastric or deep inferior epigastric vessels ,  may be 
used as a muscle or musculocutaneous tlap. 

4. Regional flaps. The tensor fascia lata and the rectus femoris muscles are most commonly 
used. The grac i l i s  muscle i s  much more l im ited in  i ts appl icat ion. It originates from the inferior 
pubic symphysis and inserts as a tendon on the upper medial t ibia. The major pedicle is a branch of 
the profundus femoris artery located 8- 1 0  cm from the adductor tubercle; one or two m inor pedicles 
are located distally from the superficial femoral artery. I t  may be used as a muscle or musculocuta
neous flap that reaches to the inguinal and perinea! regions. The skin paddle is often unrel iable. 

5 .  Distant flaps inc lude the omentum, the extended lat iss imus dorsi musculofascial flap, or 
free flaps. Free t issue transfer may be necessary when the defect i s  large and no adequate local or re
gional flaps are available. 

26. When is prosthetic material used? 
Prosthetic material is used for structural support of the abdominal wall in a stable wound or as a 

temporizing measure in an open acute or infected wound. 

27. What are the criteria for synthetic mesh? 
Synthetic mesh i s  often useful both in the acute setting and at the t ime of definitive reconstruc

t ion. However, a l loplastic materials should meet certain criteria. Mesh should be res i stant to me
chanical stress; it should be strong, durable, and of s ignificant tens i le  strength so that it w i l l  not 
fragment w ith usage. Mesh should be chemically inert; it should not be modified by t issue fluids or 
excite an inflammatory body reaction but instead should be capable of  i ncorporation.  Mesh should 
be tolerant to infection and capable of being reentered in  the presence of infection for further ex
ploratory surgery. Mesh also should be easy to handle and capable of being fabricated into the de
s ired shape. Lastly, it should be steri l izable. 

28. What types of prosthetic materials have been used for abdominal wall reconstruction? 
Tantalum, stainless steel, Mersilene, Vicryl, Prolene, Marlex, and Gore-Tex patch. 

29. Describe the experience with prosthetic materials. 
Different prosthetic materials vary in their indications and e fficacy. However, few cl in ical reports 

describe large series with long-term follow-up. Both tantalum and stainless steel were found to frag
ment easily and to have less pl iabil ity than the other materials and were abandoned many years ago. 

Marlex mesh ( polypropylene [PP] )  was originally used during the Vietnam War for open ab
dominal wounds. Reports of its usage are few, and fol low-up is usual ly incomplete. Most reports 
showed a I 00% incidence of mesh extrusion or fistula formation when the mesh was directly skin
grafted. Piecemeal removal of the mesh was required. Thus, although Marlex mesh demonstrated an 
early benefit i n  providing abdominal wall support, especially in the presence of infection, there were 
uniform long-tenn problems with skin grafting or closure by secondary intention. Despite excellent 
quality granulation t issue and init ial complete skin graft survival, there is inevitable failure with skin 
graft breakdown and mesh extrus ion, usual ly within the first 3 months. Voyles looked at the short
term benefits vs. the long-term compl ications of Marlex mesh in emergency abdominal wall recon
struction. He found good short-term results in his series of 3 1  patients, in 29 of whom the mesh was 
placed in the presence of gross contamination. Twenty-three of the patients were reoperated through 
the mesh without subsequent dehiscence. Long-tenn results, however, were less favorable. Extrusion 
was observed in all 9 patients in whom a skin graft was applied directly over the mesh. Enteric fistu
las were observed in 3 of the 9 pat ients. In the 3 patients in whom a flap was appl ied directly over 
the mesh, no problems were noted with either mesh extrusion or enteric fistulas. 

Prolene mesh has shown a somewhat lower incidence of mesh extrus ion when covered w ith a 
skin graft, but the incidence st i l l  hovers around 40%. Prolene has greater p l iab i l i ty than Marlex. 
Gore-Tex promotes fewer adhesions to the viscera and i s  more easi ly removed than Marlex. I t  does 
not allow incorporation. Vicryl mesh is usual ly absorbed by 8 weeks and provides temporary sup
port. It does not result in more significant bowel adhesions or suffer spat ial d isorganization and was 
found to retain its shape. 
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30. What is the clinical course of prosthetic materials capable of incorporation'? 
Within 1 8-24 hours, a fibrous exudate seals the viscera from the mesh. At 5-10 clays, there is in

growth of granu lation t issue through the interstices of the mesh. At 1 4-2 1 days, the granu lation 
tissue is ready for either skin-grafting or flap coverage. 

31 .  Describe the technique of prosthetic material placement in abdominal wall reconstruction. 
Mesh is best appl ied directly over the omentum, if the omentum is sti l l  intact, to prevent adhe

sions to the underlying v iscera. Mesh may be sewn directly to the remaining musculofascial tissue in 
encl-to-end fashion, or the free edge of the mesh may be folded over on itself for 2-3 cm and then 
sewn to the musculofascial t issue. It is  critical that the mesh be sutured under s light tension to avoid 
wrinkles, folds, or bunching. Tension is adjusted as the mesh is inset. 

32. What are the options for lower abdominal wall reconstruction? 
1 .  Tensor fascia lata musculofascial flap 
2. Rectus femoris musculofascial flap 
3. External oblique muscle and aponeurosis 
4. Inferiorly based rectus flap with or without anterior rectus sheath and overlying skin paddle 
5. Groin flap 

33. What are the options for upper abdominal wall reconstruction? 
1 .  Superiorly based rectus with or without rectus sheath and overlying skin paddle 
2 .  External oblique muscle and aponeurosis 
3. Thoracoepigastric flap 
4. Extended latissimus dorsi musculofascial flap with pregluteal and lumbosacral fascia-also 

may be used for large or ipsi lateral abdominal defects. For added length and mobil ity the latissimus 
m uscle may be detached from its humeral insertion. 

34. What is the flap of choice for abdominal wall defects? 
The tensor fascia lata is the ideal reconstructive option for abdom inal wall defects. A dense, 

strong sheet of vascularized fascia and overlying skin can be transferred as a s ingle unit in a s ingle 
stage with min imal donor defici t .  I t  is  extremely useful in i rradiated and contaminated fields .  
Protective sensation can be maintained by inclusion of the lateral femoral cutaneous nerve (T 1 2 ), 
and voluntary control is provided by the descending branch of the superior gluteal nerve. Flaps wider 
than 8 cm usual ly require skin graft ing of the donor s i te; narrower flaps can be c losed primari ly. 
There is tremendous d isparity between the small size of the tensor muscle, originat ing from the 
greater trochanter, and the surrounding tensor fascia lata flap. The cutaneous paddle is  reliable to ap
proximately 5-8 cm above the knee; the distal portion is essential ly a random pattern flap suppl ied 
largely by cutaneous perforators from the vastus lateral is muscle. The dominant pedicle-the lateral 
circumflex femoral vessels arising from the profunda femoris-pierces the medial aspect of the flap 
8-1 0  cm below the anterosuperior i l iac spine. The arc of rotation allows the tip of the flap to reach 
the ips i lateral lower chest wall  and x iphoid, especia l ly in a thin patient. The flap may be used to 
resurface the entire suprapubic region, lower abdominal quadrants, or ipsilateral abdomen. 

35. What is the role of the rectus femoris in abdominal wall reconstruction? 
Like the tensor fascia lata, the rectus femoris is an excellent flap choice for reconstruction of the 

ipsilateral or lower abdominal wal l .  For extensive defects, a larger cutaneous paddle may be incor
porated with the adjacent fascia lata in the musculocutaneous flap. The tip of the flap reaches a point 
midway between the umbil icus and xiphoid. The flap is supplied by the lateral femoral c ircumflex 
vessels. I t  also can cover the entire suprapubic region and extend to the contralateral anterosuperior 
i l iac spine. After transposit ion, the vastus lateral is and vastus medial is are approximated to prevent a 
functional deficit resul ting in loss of the final 1 5° of knee extension. Sacrifice of this muscle in am
bulating patients may provide some functional debility. 

36. What is the "mutton chop" flap? 
Described by D ibbe l l  et  a l . ,  the mutton chop or extended rectus femoris myocutaneous flap 

a l lows reconstruction of large ful l-thickness abdominal wall defects, including the epigastr ium, 
without prosthetic material. 
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37. What is the "components separation" method for closure of abdominal wall  defects? 
Elucidated by Ramirez et al . ,  the theory behind the components separation method is that sepa

ration of the muscle components of the abdominal wal l  a l lows mobi l i zation of each uni t  over a 
greater distance than is possible by mobil ization of the entire abdominal wall as a block. For exam
ple, the compound flap of the rectus muscle attached to the internal oblique-transversus abdominis 
muscle can be advanced I 0 cm medial ly. The rectus muscle is  separated from its posterior rectus 
sheath. The external oblique can be elevated, leaving the neurovascular supply to the rectus intact in 
the internal oblique-transversus layer; however, advancement is  l imi ted. Large abdominal wall de
fects can be reconstructed by the functional transfer of these components, overlapping muscle l ayers 
while maintaining the ir  innervation and vascular supply. This technique obviates the need for distant 
flaps or free flaps. It takes advantage of the three muscle layers lateral to the rectus muscles. The dif
ferent orientation of the musc le fibers and their attachments makes it difficult  to advance them en 
bloc in a given direction. 

38. What is the role of the omentum in abdominal wall reconstruction? 
The omen tum, a double layer of fused peritoneum arising from the greater curvature of the 

stomach, is suppl ied by the right and left gastroepiploic arteries. This flap can cover the entire ab
dominal wall and perinea! areas. I t may be used with mesh and provides a good bed for a skin graft. 

39. What is the role of tissue expansion in abdominal wall reconstruction? 
Tissue expansion is  a reconstructive option that has been used in  congenital abdominal wall  de

fects for extensive soft t i ssue defects. Expanders can be placed between the external and i nternal 
oblique muscles to create an enlarged external oblique musculocutaneous flap or beneath the subcu
taneous tissue but above the fascia. 

40. What is the incidence of herniation following TRAM flaps'? 
Krol l  and coworkers reported using mesh in 2 1 .4% of free transverse rectus abdominis muscle 

(TRAM) flaps and in  45.0% of conventional TRAM flaps. The incidence of lower abdomina l  wall 
laxity fol lowing conventional TRAM flaps ranged from 0.2- 1 6.0%; i t  was even lower in  free TRAM 
flaps ( 1 .0-5 .0%).  There was no difference in abdominal wall strength, based on the abi l i ty to per
form sit-ups, in patients who had a pedicled or free TRAM flap and age-matched controls. 
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6 7 .  RECON STRUCTION O F  TH E POSTERIOR TRU N K  

Andrew L .  Da Lio , M . D . ,  a nd William W Shaw, M . D . 

1. What are the common reconstructive problems of the posterior trunk'? 
Thoracic pressure sores, radiation necrosis, spinal/paraspinal tumor resections, and spina bifida. 

2. What muscle or fasciocutaneous flaps may be used in reconstruction of the posterior trunk? 
Most wounds of the posterior trunk result from trauma, tumor resection, or irradiation. Clas

sically, muscle coverage has been divided into thirds based on the location of the wound: the trapez
ius muscle for upper-third wounds, the latissimus dorsi for middle-th ird wounds, and the gluteus 
maximus for lower-third wounds. The scapular/parascapular fasciocutaneous flaps also may be used 
for small upper-thi rd defects. Paraspinous muscle flaps may be advanced for relatively smal l venical 
defects of the spine and paraspinal regions. 

LATISSIMUS DORSI FLAP 

3. What is the origin and insertion of the latissimus dorsi muscle? What are the external  
anatomic landmarks to identify the muscle? 

The latissimus dorsi muscle is a broad, flat, triangular muscle measuring approximately 35 cm 
long, 20 cm wide, and I cm thick. I t  originates from the spinous processes of T7-T l 2, L l -L5, and 
the sacrum, posterior superior i l iac crest, and ribs 9- 1 2 .  It inserts on the intertubercular groove on 
the anterior aspect of the proximal humerus. 

External landmarks i nc lude the posterior midl ine, posterior superior i l iac crest, tip of the 
scapula, and posterior axil lary l ine. Forceful contraction of the latissimus dorsi mus le may help to 
identify the muscle border at the posterior axil lary l ine. 

4. What is the function of the latissimus dorsi muscle and the functional deficit after harvesting? 
Functions of the latissimus dorsi muscle include shoulder adduction, medial rotation, and exten

sion. It also assists the pectoralis major in pul l ing the trunk upward and forward when the arm is raised 
(as in rock or mountain cl imbing). Laitung and Peck examined shoulder function after latissimus dorsi 
harvest. Objective measurements of muscle donor s i te shoulder function were compared with the 
equivalelll dominant or nondominant shoulders in controls. There was no s ign i ficant d ifference in 
shoulder power. Range of motion after muscle harvest was decreased 5-30° in one-dlird of patients be
cause of scar contracture. No patients had occupational problems related to shoulder di abi l i ty. 

5. Describe the vascular anatomy of the latissimus dorsi muscle. 
The l at issimus dorsi muscle has a type V pattern of circulation with one dominant pedicle (tho

racodorsal artery) and secondary segmental pedicles (posterior intercostal and lumbar artery perfo
rating branches). The dominant vascular pedicle to the latissimus dorsi muscle is  the thoracodorsal 
artery, a branch of the subscapular artery. The thoracodorsal pedicle has a mean length of 9 cm but 
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can be increased to l l cm by following the dissection to the subscapular artery. The mean diameter 
of the thoracodorsal artery is 2.7 mm at i ts origin, whereas that of the subscapular artery ranges from 
3 .0-4.0 mm.  Despi te some variabi l ity in vascular anatomy, there is usual ly a s ingle thoracodorsal 
and subscapular vena comitans measuring 3-4.5 mm in diameter. 

I n  86% of cadaver dissections, the thoracodorsal artery bifurcates on the inferior surface of the 
latissimus dorsi muscle at a clearly defined neurovascular hiatus 2 cm medial to the muscular border. 
The upper branch courses transversely across the muscle 3 .5 cm from the superior border, whereas 
the lateral branch courses vertically toward the i l iac crest 2 . 1 cm from the l ateral margin. This vascu
lar pattern allows splitt ing of the muscle into two distinct components and thus a variety of insetting 
options. In the remaini ng 1 4% of dissections, no major bifurcation was identified. 

Lat i ss imus dorsi myocutaneous flap with dual blood 
supply consist ing of the thoracodorsal artery and seg
mental paravertebral perforators, of which there are 
two rows. (From Vasconez LO, McCraw JB, Camargos 
AG: Muscle, musculocutaneous, and fasciocutaneous 
flaps. In Smith JW, Aston SJ (eels): Grabb and Smith's 
Plastic Surgery, 4th eel. Boston, Litt le,Brown, 1 99 1 ,  p 
1 1 23, wi th permission.) 

� Thoraco<lorsal a. 
I 

6. What is the motor innervation to the latissimus dorsi muscle? Can the latissimus dorsi 
myocutaneous flap be used as a neurosensory flap? 

The thoracodorsal nerve supplies motor innervation to the latissimus dorsi muscle.  The nerve 
arises from the posterior cord of the brachia! plexus; descends posterior to the axi l lary artery, located 
3 cm medial to the origin of the subscapular artery; runs with the thoracodorsal artery; and enters the 
neurovascular hi I um with the vessels. The latissimus dorsi myocutaneous flap cannot be elevated as 
a neurosensory flap. 

7. What is the arc of rotation of the latissimus dorsi muscle based on the dominant thora
codorsal pedicle? 

Using the dominant thoracodorsal pedicle, the point of rotation is  at the neurovascular hiatus. 
The muscle has a posterior arc of rotation to the neck, occiput, parietal skul l ,  and thoracic vertebrae 
T l -T l 2. The anterior arc can reach the ipsilateral hemithorax and sternum, middle and lower third 
of the face, and superior abdomen. 

8. What is the arc of rotation of the latissimus dorsi muscle based on the secondary segmen
tal pedicles? 

The point of rotation is  along the l ateral and/or medial row of minor pedicles,  a l lowing the 
muscle to reach across the midl ine for coverage of smal l defects in the thoracic and upper l umbar 
vertebral regions. 

9. What is the skin territory of a latissimus dorsi myocutaneous flap? 
The skin paddle may be raised in various shapes and patterns (obl ique, horizontal ,  vertical skin 

islands) because of the numerous perforating vessels from the latissimus dorsi muscle to the overly
ing skin. In general , the perforators are more numerous in the proximal two-thirds of the muscle.  
Skin paddle widths al lowing primary closure range from 8- 1 5  cm, depending on body habitus and 
skin compl iance, and must be individual ized. Vertically, the skin paddle may extend downward to 
the posterior i l iac crest, although the most distal aspect may be less reliable in terms of overall vas
cularity. 
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1 0. What are options for coverage of large wounds of the lower back (below TIO)  in the set 
ting of cancer and/or prior irradiation and infection? 

Wounds of the lower back (below T I O, lumbar, sacral, and buttock areas) may present d ifficult 
problems. Although local flaps ( latissimus dorsi muscle reverse flap based on the secondary segmen
tal pedicles, g luteus maximus muscle flap, and transverse back flap) may be considered, they may 
prove unreliable or inadequate in the face of prior irradiation and fibrosis. In such circumstances, the 
Jatissimus dorsi muscle may be transposed inferiorly, using reversed greater or lesser aphenous mi
crovascular vein grafts reliably and with relatively l ittle difficulty, given the large vessel diameters. 
Although an additional option includes direct anastomoses to the superior gluteal vessels, these ves
sels are often involved in radiation and fibrosis; furthermore, they are located deep in  the wound, 
making microvascular anastomoses difficult . 

1 1 .  Can the latissimus dorsi muscle be elevated and transferred based on the serratus anterior 
branch? 

Yes .  When the thoracodorsal vessels are d ivided for whatever reason , the lat iss imus dorsi 
muscle may be transposed based on the retrograde flow from the serratus anterior branch i nto the 
thoracodorsal artery as the dominant vascular pedicle. Likewise, venous return is pre erved through 
the vena comitans accompanying the serratus branch. Reversal of flow from the serratus anterior 
branch into the thoracodorsal artery has been clearly demonstrated intraoperatively. Cl in ical ly, this 
finding is significant because the latissimus dorsi myocutaneous flap can be rel iably used as a sal
vage flap for breast reconstruction after fai l ure of free flaps that used the prox imal thoracodorsal 
artery and vein as the recipient vessels. 

SCAPU LAR/PARASCA PU LAR FLAP 

12. What are the anatomic landmarks of the scapular and parascapular fasciocutaneous flaps? 
The skin territory of the circumflex scapular artery (CSA) may be divided iJ1to two regions based 

on the transverse and descending branches. The scapular flap, based on the transverse branch, is cen
tered on a horizontal l ine extending from the triangular space (approximately 2 cm above the poste
rior axillary crease) and the vertebral column. The distal end of the flap may extend to a point m idway 
between the medial border of the scapula and the midl ine. The parascapular flap, based on the de
scending bra1ich, is  centered on a vertical l ine extending from the triangular space and posterior i l iac 
spine along the lateral edge of the scapula. The distal end of the flap may extend downward to a point 
midway between the tip of the scapula and posterior il iac spine. Flap dimensions are highly variable, 
depending on body habitus and skin laxity, but may reach I 0 x 30 cm. An additional variant of  the 
parascapuiar flap is  the I MECS (inframammary extended circumflex scapular) flap, wh ich fol lows a 
gradual curve into the inframammary crease, thus improving the location of the scar. This modifica
tion is  based on the numerous radial vessels from the descending branch of the CSA. 

13. What is the triangular space? What is the vascular anatomy of the scapular and paras
capular flaps? 

The triangular space is bordered by the teres minor and subscapularis superiorly. the teres major 
i nferiorly, and the triceps ( long head) lateral ly. This space marks the exit  point of the c i rcumflex 
scapular artery and vena comitans. Note that the triangular space is not the triangle of auscultation, 
which i s  formed by the lat issimus dorsi, trapezius, and rhomboid major muscles.  The CSA is a 
branch of the subscapular artery, and the dissection may be fol lowed proximal ly, increasing pedicle 
length and vessel diameter size. 

14. What is the arc of rotation of the (para)scapular flaps? 
The point of rotation of the scapular and parascapular flaps is at the triangular space. The arc of 

rotation includes the shoulder, ax i l ia, and lateral thoracic wal l .  

G LUTEUS MAXl M US M U SCLE/MYOCUTA N EO U S  FLAP 

15. What is the Mathes-Nahai 1rnttern of circulation of the gluteus maxi mus muscle? 
Type I I I :  two dominant pedicles (superior and inferior gluteal arteries). 
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The gl uteus maxi111us 111uscle is supplied by the supe
rior and inferior g lu teal arteries wi th the piri form 
muscle separating the two arterial systems. On the left 
side the muscle has been divided near i ts  i nsertion 
along the greater trochanter. (From Vasconez LO, 
McCraw J B ,  Ca111argos AG: Muscle, 111uscu locuta
neous, and fasciocutaneous flaps. In Smith JW, Aston 
SJ (eel s ) :  Grabb and S111 i th ' s  Plast ic Surgery, 4th eel. 
Boston, Little, Brown, 1 99 1 ,  p I 1 28, with permission . )  

Piriform m .  
Inferior gluteal a .  

16.  Describe the origin and insertion of  the gluteus maxi mus muscle. 
The gluteus max imus muscle originates from the lateral sacrum and posterior superior i l iac 

crest. It inserts into the greater trochanter of the femur and along the i l iotibial tract. 

17. What is the standard arc of rotation of the gluteus maximus muscle/myocutaneous flap? 
The point of rotation based on the superior gluteal vessels is at the lateral border of the sacrum 

approximately S cm below the posterior superior i l iac spine. When islanded on these superior gluteal 
vessels, the myocutaneous flap reaches the ipsi lateral ischium and sacrum.  This flap is  also an im
portant option for coverage of lower lumbar defects. 

18. How can you increase the arc of rotation of the gluteal myocutaneous flap? 
The skin of the posterior thigh can be raised based on the descending branch of the i nferior 

gluteal artery. The vascular territory of this descending branch can extend 1 0  x 35 cm, approaching 
the posterior popl i teal crease. When elevated, this fasciocutaneous flap can reach the sacrum, con
tralateral isch ium, perineum, rectum, vagina, gro in ,  trochanter, and anterior thigh. The posterior 
thigh fasciocutaneous flap can be islanded on the inferior gluteal artery, significantly increasing the 
arc of rotation. The posterior thigh donor site is usually skin-grafted. 

TRAPEZI U S  M U SCLE/MYOCUTA N EO U S  FLAP 

19. What are the anatomic landmarks of the trapezius muscle? 
The trapezius muscle measures 34 x 1 8  cm. I t  arises from the external occipi tal protuberance, 

superior nuchal l ine of the occipital bone, l igamentum nuchae, and spinous processes of C7-T 1 2  
vertebrae and inserts into the lateral third of the clavicle, spine of the scapula, and acromion. 

Trapezius 111yocutaneous flap with the transverse cervical 
artery arborizing at the root of the neck. On the left the 
trapezius myocutaneous flap has been elevated; i t  usually 
includes branches that descend inferiorly. (From 
Vasconez LO, McCraw JB ,  Camargos AG: M uscle, mus
culocutaneous ,  and fasc iocutaneous flaps. I n  S111ith JW, 
Aston SJ (eds): Grabb and Smith's Plastic Surgery, 4th eel. 
Boston, Little, Brown, 1 99 1 ,  p 1 1 1 9, with permission.) 
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20. What is the vascular pattern of the trapezius muscle flap? 
The trapezius muscle has a type II pattern of circulation via the transverse cervical artery (dom

inant pedicle) and minor pedicles suppl ied by the dorsal scapular artery, perforat ing posterior inter
costal arteries, and a branch of the occipital artery. 

21.  What is the arc of rotation of the trapezius muscle/myocutaneous flap? 
The point of rotation of the trapezius muscle is at the posterior base of the neck at the location of 

the transverse cervical artery pedicle. The muscle reaches the posterior skull, cervical and thoracic 
vertebrae, mid to upper face, and neck. It is  general ly used in reconstruction of the upper third of the 
back, neck, and head and neck defects. When elevated as a myocutaneous flap, the skin territory can 
extend beyond the scapular tip into the m id back region with relative safety. One can extend the cu
taneous territory by "delaying" the skin portion. 

SPI N A  BI FI DA 

22. What are the four variants of spina bifida cystica? 
J .  Meningocele: no neurologic deficit, with meninges in the cystic herniation. 
2. Meningomyelocele:  most common form; both meninges and neural e lements wi th in the 

cystic hemiation; usual l y  associated with motor and sensory deficits. 
3 .  Syringomyelocele :  rnre, s imi lar to meningomyelocele but with dilatation of the central canal 

of the cord. 
4. Myelocele :  rare; neural elements openly exposed without meningeal or cutaneous coverage. 

23. What are the options for wound closure? 
Approximately 75% of thoracolumbar and lumbosacral meningomyelocele defects can be 

closed using wide mobil ization and simple primary skin closure. For larger defects, lateral relaxing 
incis ions with bipedicle flap closure and skin grafts, rotation flaps, double rhomboid Z-plasties, 
composite skin-muscle flaps, and medial advancement of bi lateral lat issimus dorsi and gluteus max
imus muscles have been used with success. 
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68. RECON STRUCTION OF THE LOWER EXTREMITY 

R. Jobe Fix, M D ,  and Tad R Heinz, M . D. 

1 .  How does a plastic surgeon become involved in lower extremity reconstruction? 
Many vascular, surgical, oncologic, and orthopedic wounds benefit from plastic surgical consul

tation and intervention because of large soft tissue defects and/or combined vascularized bone graft 
and soft tissue requirements. 
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2.  What types of  pathology may require lower extremity reconstruction? 
Open fractures of the distal tibia, chronic wounds of the distal third of the leg, unstable scars, 

defects from sarcoma resections, diabetic ulcers, radiation wounds, osteomyel it is of the tibia, and 
wounds resu lting from ischemia of the lower extremity often require reconstruction. 

3. What are common coverage methods for the thigh'? 
1 .  Local rotation or advancement flaps of the thigh muscles, with or without skin grafts-in 

particular, the grac i l is, vastus lateral is, and TFL flaps. 
2 .  Fasciocutaneous flaps such as the medial thigh, lateral posterior thigh, or rectus femoris fas

ciocutaneous flap. 
3. More distant flaps such as the rectus abdominis based on the deep inferior epigastric artery 

and vein. 

4. What are the alternatives and considerations for soft tissue coverage of the knee? 
Muscle flaps, fasciocutaneous flaps, and free tissue transfer are useful for knee coverage. The 

gastrocnemius muscle flap is  readi ly available for knee coverage; however, i t  does not rel iably cross 
the midline to the contralateral aspect of the knee or to the superior aspect of the knee. The distally 
based vastus lateral is  has been described; however, partial necrosis is  a frequent occurrence. The 
saphenous fasciocutaneous flap, as described by Walton and Bunkis, is  useful if  available. For exten
sive defects covering the entire surface of the knee, free t issue transfer of a large fasciocutaneous 
flap or muscle flap is  the most reliable. 

5. What is appropriate soft tissue coverage for the proximal tibia'? 
Local musc le flaps include the medial gastrocnemius and l ateral gastrocnemius, which is  usu

ally shorter than the medial gastrocnemius. Fasciocutaneous flaps include the saphenous flap, a dis
tally based medial or l ateral fasciocutaneous flap, or a combination of a gastrocnemius flap with a 
proximally or distally based fasciocutaneous flap. Free flaps are indicated when the local soft t issue 
injury contraindicates the use of local muscle or fasciocutaneous flaps and the area is  extensive. 

6. What are appropriate choices of soft tissue coverage of the mid-tibial region? 
For small defects, a turnover flap of the anterior tibial is  muscle may be useful . Most defects, 

however, are l arger and may require the soleus muscle, which is  readi ly  available and transposes 
well over this area. Fasc iocutaneous flaps from the lateral or medial leg, based distal l y  or prox i
mally, are usefu l .  Of course, free flaps are appropriate when local soft t issue coverage is not avai l
able or the defect is extensive. 

7. What local coverage is available for ankle or distal tibial exposure? 
Small defects < 4 cm2 may be covered by the extensor brevis muscle flap, sl ightly larger defects 

by the lateral supramalleolar flap, and somewhat larger defects by the dorsal is  pedis fasciocutaneous 
flap. These flaps require a blood supply not compromised by the injury. The distal ly based soleus 
flap has been used but with a high incidence of partial necrosis. Distal ly  based fasciocutaneous flaps 
(based lateral ly or medial ly) ,  including the sural neurocutaneous flap, may be safely used with the 
demonstration of comparable perforators at the respective base of the flap. 

8. What are common coverage methods for wounds of the foot? 
Several smal l muscle flaps, such as the flexor hallucis and abductor hallucis brevis, are available 

but are rarely of practical use given the frequent global injury to the foot and ankle area. The sural 
artery flap may be of benefit for small or moderate-sized wounds of the ankle and proximal foot as 
wel l  as the heel area. Most of these wounds, however, require some type of free t issue transfer for 
satisfactory closure. 

9. Why are the wounds of the distal leg so problematic for coverage? 
The distal portion of the leg has poor skin elastic ity, frequent severe edema, and osseous struc

tures that lie in the subcutaneous tissue and are quite vulnerable. Such wounds also have a high rate 
of osteomyelitis, which often results in amputation. The distal third of the leg has significant tendi
nous structures that take skin grafts poorly. Finally, the foot and ankle requ ire good flap durabi l i ty 
because they are so frequently exposed to friction and shear by walking and footwear. 



354 Reconstruct ion of the Lower Extrem i ty 

1 0. What are the indications for free tissue transfer to cover the distal lower extremity'? 
Indications for free t issue transfer include large or c ircumferential defects expo ing fractures, 

open joints, or the Achi l les'  tendon; incis ions or soft tissue trauma that compromise the lateral or 
medial fasciocutaneous areas; and compromise of the distal arterial flow, which may prevent the use 
of lateral supramalleolar or dorsal is pedis flaps. 

1 1 . List absolute indications for flap coverage of the lower extremity. 
Exposed bypass grafts, open fractures, and tendon and nerve exposure. 

12. What is the arterial blood supply to the leg'? 
The popl iteal artery at the knee divides at the infrapopliteal tr ifurcat ion into the t ibial  arter

ies-namely, the posterior and anterior tibial and peroneal arteries. The posterior and anterior t ibial 
arteries cross the ankle, whereas the peroneal does not but may g ive branches feeding the two tibial 
vessels .  

13.  What are the arterial domains'? 
The posterior tibial artery tends to predominate in the heel and posterior plantar skin area. The 

anterior t ibial artery suppl ies the dorsum of the foot after becoming the dorsal is pedis artery and 
distal port ions after bifurcat ion into the first dorsal metatarsal artery and deep p lantar artery. The 
peroneal artery may fi l l  the anterior or posterior artery systems via i ts d istal branches. Although 
these dist inctions are not hard and fast, they are c l in ical ly important because the posterior t ibial  
artery is  a frequent target for free tissue transfer by microsurgical techniques. 

1 4. What are special considerations for plantar foot coverage'? 
Probably the foremost problem in coverage of the plantar foot is  the abi l i ty of the transferred 

tissue to tolerate the shear forces involved in walking. Interface problems between the native plantar 
g labrous skin and the transferred skin are common. Durabil ity, the need to cover fusion or any other 
osseous work, and, final ly, lack of sensation in the transferred tissue are also important. Any insen
sate t issue transferred is at sign i ficant risk for breakdown. 

15.  What is the most appropriate source of free tissue transfer for coverage of extensive plantar 
foot defects'? 

The jury is s t i l l  out. May et a l .  present convincing evidence for the use of muscle flaps with skin 
grafts; however, fasciocutaneous flaps have been used as effectively. Probably the most important 
criteria are ( l )  a fami l iar flap with an adequate pedicle length of sufficient caliber; ( 2 )  a flap that is 
well tailored to the defect, and not excessively thick; (3)  muscle flaps to cover deep or irregular de
fects; and (4) skin flaps for resurfacing superficial degloving tissue defects. Abnormally h igh pres
sure points in the p lantar surface lead to recurrent breakdowns after reconstruct ion .  Bony 
abnormal i t ies should be corrected. The patient should be educated about meticulou foot care. and 
orthotics should be provided. 

16. How can abnormal weightbearing in the neuropathic foot be corrected'? 
Bone spurs and joint dislocation can and must be corrected. For ulceration of the fi fth metatarsal 

head, resection through the metatarsal neck is recommended. The first metatarsal head is debrided 
only if it is  involved in the ulcer base. More commonly the medial or lateral sesamoid bone needs to 
be removed in the base of the first metatarsal head ulcer. For the second, third, and fourth metatarsal 
heads, one should perform a metatarsal neck osteotomy. Miclfoot bony prominences may require ju
dicious resection around the areas of the metatarsal bases, cuneiform, or navicular bones. Limited 
midfoot fusions should be considered. Orthotics may be useful to shift weight away from a particu
lar pressure point . 

1 7. Before the development of microsurgical techniques, what treatment was used for lower 
extremity wounds-especially in the distal third of the leg'? 

Treatment may have been below-knee-amputation or skin-grafting, which often y ie lded a poor 
result. Occasionally success was achieved with local or pedicled flaps and cross-leg flaps in  which 
the l imb had to be immobilized for 3-5 weeks before division of the flap pedicle. 
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18.  Why not use a skin graft on  lower extremity wounds? 
Poor leg sk in  elast ici ty, edema, bone close to the skin surface, and a h igh rate of osteomyel i t i s  

and amputation have been associated with inadequate wound coverage in  the t ibial  area, such as  w ith 
a skin graft .  I n  addit ion, there are obvious technical problems with gett ing the skin graft to heal over 
bone and tendon. I t  i s  rarely poss ib le to attain adequate hea l ing in such t issues because of the de
creased blood supply in  these areas. 

19. Can you think of a situation in which a cross-leg flap would be a good choice? 
Coverage of a chi ld 's heel may be a reasonable indication for a cross-leg flap. The sensate terri

tory of the superior/posterior th igh from the descending branch of the inferior g luteal nerve may be 
used to perform neurorraphy, and later the pedic led skin flap may be div ided. Only a chi ld would tol
erate this degree of knee flex ion and immobil ization for the weeks requ i red w ithout subsequent joint 
st iffness and contracture. 

20. What are the muscle groups and major nerves and arteries of each of the four  compart
ments of the lower leg'? 

The anterior compartment, bounded by the t ibia,  interosseous membrane, and anterior i nter
muscular septum, contains the extensor muscles of the foot and ankle with the t ib ia l  is anterior, ex
tensor hal lucis longus, and extensor digitorum longus muscles. The major artery is the anterior t ibial  
artery, and the deep peroneal nerve courses along with the artery. 

The lateral compartment is bounded by the anterior intermuscular seplllm, fibula ,  and poste
rior i nterm uscular septum. The muscles in th is  compartment are the peroneus longus,  peroneus 
brev is,  and peroneus tert ius muscles.  There is  no major artery in the lateral compartment; however, 
the superficial  peroneal nerve runs with in it .  

The posterior superficial compartment is bounded by the deep surface of the soleus m uscle 
and the plantaris tendon. It contains the soleus and gastrocnemius muscles. 

The deep posterior compartment i s  bounded by the tibia, interosseus membrane, and fibu la.  
The muscle groups contained within i t  are the t ibial  is posterior, flexor digitorum longus, and flexor 
hal l uc is  longus muscles. This compartment contains the posterior t ibial  artery, which courses medi
al ly between the flexor digitorum longus and soleus muscles, and the peroneal artery, which courses 
sl ightly more lateral ly between the t ibial  is posterior and flexor hal lucis longus m uscles. The major 
nerve in the deep posterior compartment is the posterior t ibial  nerve. 

2 1 .  How do you distinguish between diabetic and nond iabetic foot wounds in the nontrau
matic setting? 

Probably a better dist inction is between neuropath ic and ischemic wounds, which are treated very 
differently. Diabetics have no more microvascular or small vessel disease than their aging, arthroscle
rosis-matched counterparts. However, d iabetics have a tendency toward stocking-and-glove neuropa
thy, which leads to areas of decreased sensation in the foot that in turn may lead to cal luses. fissuring, 
and i n fection. The neuropathic wound frequently i s  on the plantar aspect of the metatarsal heads, 
where abnormal weight bearing may occur. The patient does not appreciate the risks and continues to 
walk extens ively with eventual deep i nfection and osteomyel i t i s .  The patient 's perfusion, however, 
may be completely normal. In contrast, the ischemic wound may occur in a patient with arthrosclero
sis and typical ly appears in a location, at the distal toe t ips or the heel. 

22. Why should we invest significant resources to salvage an ulcerated diabetic limb when the 
patient can just as well have a below-knee amputation and prosthesis? 

The incidence of a second amputation in the contralateral l imb approaches 50% with in 2 years 
of the in i t ia l  amputation. Therefore, within 2 years one may expect a diabet ic to have e ither b i lateral 
below-knee amputations or a combinat ion of below-knee and above-knee amputat ions.  e i ther of 
which sentences the patient to a wheelchair. 

23. What is tarsal tunnel syndrome'? What are its clinical findings? How is it treated? 
Tarsal tunnel syndrome results from compressing the posterior t ib ia l  nerve w i th in  a fibro-os

seous canal that has for i ts roof the flexor ret inaculum. The c lassic h istory i ncludes pain that is usu
al ly burning and local ized in the plantar aspect of the foot but may radiate up the medial side of the 
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calf. The symptoms are i ncreased by activity and dimin ished by rest or rubbing the foot. Night  
symptoms may occur. A posit ive Tine !  's  s ign may be el ic i ted along the media l  or lateral p lantar 
nerve. Sensation to pinprick may be decreased. The diagnosis may be confirmed by nerve conduc
tion velocity studies with prolonged terminal latency to the abductor ha l luc is  or abductor d ig i t i  
qu int i  musc le and abnormal potentials wi th  fibri l lations. Vascular insuffic iency should be absent. 
When accurately diagnosed, tarsal tunnel syndrome can be treated with release of the fibro-osseous 
tunnel by lysing the flexor ret inaculum. 

24. What is compartment syndrome? 
In compartment syndrome, muscle and nerve viabil ity is threatened by increased tissue pressure 

within a fixed, fascially bounded compartment in the body over a prolonged period. There are four 
compartments in the leg: anterior, lateral ,  deep posterior, and superficial po terior. The increased 
pressure results from postischemia reperfusion or direct crush to the l imb. as in a tibial fracture. An 
open wound in the leg does not indicate released or decompressed compartments. Most authors 
agree that an increase from the normal tissue pressure of 2-7 mmHg lo 30 mmHg is concerning and 
that an increase to 35--40 mmHg is an absolute indication for treatment. A more accurate measure
ment is  d i fferential pressure (diastolic pressure minus compartment pressure); a differential pressure 
of < 30 mmHg is an absolute indication for treatment. Failure to treat creates a v icious cycle of in
creasing compartment pressures due to lymphatic and venous obstruct ion without arterial obstruc
tion. The results are neuropraxia, muscle necrosis, and, finally, axonotmesis and l imb ischemia. The 
tissue injury becomes irreversible in hours with resultant nerve and muscle Joss. 

25. How is compartment syndrome recognized and treated? 
Awareness and early intervention are the keys to treatment. In borderline cases, tingling and in

creased pain in the l imb associated with pain on passive extension of the involved muscle compart
ment may be treated by major l imb elevation and intravenous mannitol. Tissue compartments may 
be measured by a need le catheter technique. Obvious severe compartment syndrome or expected 
severe compartment pressure elevation from reperfusion or crush mandates surgical compartment 
release as an emergency. The urgency cannot be overemphasized. 

26. How are the foot sensory nerves evaluated? 
Light touch may be used to evaluate the following domains of the foot: 
Nerve Domain 
Sura! nerve Lateral midfoot 
Posterior tibial nerve Heel/plantar midfoot 
Deep peroneal nerve First web space 
Superficial peroneal Dorsal distal foot 
Saphenous nerve Medial ankle 

27. What are indications for primary amputation in patients with tibial level injury? 
The major indication is  severe combined injury to bone, skin, joint, nerves, and vessels such that 

long-term l imb survival and function are unl ike ly. The absence of sciatic or posterior t ibial  nerve 
function may be the most important element because meaningful recovery in these patients, even after 
repair, is poor. Consequences include an insensate plantar sUiface and almost certain recurrent ulcera
tion, i nfection, and osteomyel i t i s .  A trade-off must be made with prosthetics that al low high-level 
function. Other indications include severe infections or contamination, multi level severe injury, and 
absent pedal pulses. Scoring systems such as Gustilo's fracture score and the Mangled Extremity 
Severity Score ( MESS) help in decision making. Amputation should be considered seriously in any 
patient with a l imb score greater than seven. The parameters for the MESS include the fol lowing: 

Skeletal soft t issue injury Low energy I 

Limb ischemia (double score 
for ischemia > 6 hr) 

Medium energy (open fractures) 2 
High energy (mil itary gunshot wound) 3 
Very high energy (gross contamination) 4 
Near-normal I 
Pulseless, decreased capi l lary refi l l  2 
Cool, insensate, paralyzed 3 
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Age (yr) 
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Systolic blood pressure always > 90 mmHg 
Transient hypotension 
Persistent hypotension 
< 30 
30-50 
> 50 

0 
I 
2 
0 
I 
2 
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From Johansen K,  Daines M,  Howley T, e t  a l :  Objective criteria accurately predict amputation fol lowing 
lower extremity trauma. J Trauma 30:568, 1 990, with permission. 

Gusti lo n 
Gustilo IIIA 

Gustilo I I IB 

Gustilo I I IC 

Gusti/a Scoring for Open Fractures 

Moderate soft tissue injury and stripping 

H igh  energy, adequate soft t issue despite laceration or undermin ing 

Extensive soft tissue injury and periosteal stripping, usual ly gross contamination 

Gustilo B w ith l imb ischem ia 

From Gusti lo RB, Mendoza RM, Will iams DN:  Problems in the management of type l l T  (severe) open fractures.: 
A new classification of type I T !  open fractures. J Trauma 24:742, 1 987, with permission. 

28. What are the contraindications to salvage of a Gustilo IIIC injury of the lower extremity? 
Preexisting severe medical i l lnesses, severed l imb, tibial loss > 8 cm, ischemic t ime > 6 hours, 

and severance of the posterior tibial nerve in adults. 

29. What are the indications for lower extremity replant? 
For several reasons, lower extremity replantation is not uniformly practiced. The most important 

l imi tation is  the inabi l i ty to restore neurologic function to the lower extremity. In addition, prosthetic 
legs are relatively wel l  accepted and widely used although they have their disadvantages. The loss of 
a leg is  frequently associated with other severe injuries. The provision of a marginally functional re
planted lower extremity may create a greater l iabil ity with respect to long-term rehabi l itation, pain, 
time lost from employment, and associated risk of replantation surgery. Replantation in a chi ld i s  ex
pected to have improved neurologic function. Replant:ation should be considered only when the am
putation is  a single-level ,  c lean transection without crush or avulsion injury and warm ischemia t ime 
is < 6 hours. 

30. What are absolute contraindications for lower extremity replantation? 
Poor baseline health, multi level injury to a joint that results in immobil i ty of the knee or ankle, 

warm ischemic t ime > 6 hours, and older age. 

31. Are there any other considerations for the use of an amputated part? 
One should not discard any t issue until considering its possible use in reconstruction of the in

jured patient. Certainly nerve grafts, skin grafts, and bone grafts can be borrowed from the ampu
tated part to reconstruct other injured extremities. Muscle flaps or foot fi l let flaps can be used to 
cover below-knee amputation stumps that otherwise would need conversion to an above-knee stump. 

32. In  planning flap coverage of the lower extremity, what considerations are involved for 
concomitant or future bone reconstruction? 

• Shortening of the l imb length to decrease the need for in tercalary bone graft or the need for 
flap coverage 

• Subsequent bone grafting that may require a posterior l ateral approach or reelevation of the 
soft tissue flap 

• Placement of a methylmethacrylate antibiotic-impregnated spacer followed by subsequent 
bone grafting 

• I l izarov bone transport 

33. What is the Papineau technique? 
Papineau described staged bone graft ing for infected nonunion of the t ibial fracture: 
Stage I Complete excision of infected bone and soft tissues with adequate external fixation 

and packing with topical antibiotic soaked swabs 
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Stage I I  Autologous cance l lous bone graft ing, again fol lowed by packing wi th antibiot ic
soaked swabs 

Stage I I I  Combination of  flaps and skin grafts to  achieve soft t issue cover once bony union i s  
complete 

34. Can bone transport (l lizarov technique) be clone across or through a free flap? 
Yes .  The rate of bone transport with movemenr of w ires through a flap at l m m/day has not 

shown to be detrimental to overlying soft tissue coverage, including free flaps. 

35. Why may free flaps fail in the leg? 
Fai l ure is rare in fresh wounds, which have a flap patency rate of approx imately 95%+ and an 

i nfect ion rate of 1 .5% .  The infection rate, however, i s  much increased in more chron ic wounds 
(longer than 5 days) .  The flap survival rate in a chronic wound may be as low as 80% with s ignifi
cant take-back rates. The increased complication and fai lure rates i n  more chronic ounds i s  due to 
a combination of factors, incl ud ing contamination, infection, and damaged lymphatics and veins .  
S ignificant tissue edema, perivascular fibrosis, and valvular incompetence may contribute to th i s  d if
ficulty. Godina demonstrated good evidence for the benefits of achiev ing soft t issue wound coverage 
within 5 days after open fracture. This approach minimizes infection and maxim izes flap survival . 

36. Provide an appropriate algorithm for primary operative care of lower extremity trauma. 

PRIMARY OPERATIVE EXPLORATION 

"""""� ""''°'""' 
FIXATION WOUND ASSESSMENT 

REPAIR OF: 
VESSELS 

TENDONS � NERVES 

DEFINITIVE 
WOUND 

CLOSURE 

SECOND LOOK 

1 

NON-DEFINITIVE 
WOUND CLOSURE/ 

TEMPORARY CLOSURE 

SOFT TISSUE 
RECONSTRUCTION 

WITHIN 48-72 HOURS 

CONTROVERSI ES 

37. Is a muscle or a fasciocutaneous flap better for open fracture treatment? 
Mathes et al. c i te better heal ing and adherence in an infected wound with a mu cle flap. Overa l l ,  

however, the best choice i s  s t i l l  unclear. Muscle seems to conform better to regular cavities and to 
adhere or fibrose better than a fasciocutaneous flap. Fasciocutaneous flaps, however, seem to su i t  
most wounds wel l and to heal equal ly wel l ;  they also may be transferred as  a sensate flap and are 
much thinner and cosmetical ly superior. The fasciocutaneous flap has the addi t ional advantage of 
providing easier reoperations ( i f  necessary), such as for an ankle fusion, bone graft . or nai l  removal. 

38. Which is more expensive-amputation or l imb salvage? 
Amputation is frequently considered less expensive, but th is  is true only for the i mmediate 

postinjury period. France! and Wil l i ams demonstrated that the in i t ial hospital stay is 50% shorter in 
the amputation group compared with the salvage group and that the in i t ial treatment costs i n  the am
putation group are approximately 50% of the l imb salvage group ($30,000 vs. $59,000). However, 
when expenses for the prosthetic l imb devices and prosthetic care in younger t rauma v ic t ims are 
considered, the calculated amount i ncreases to $403,000, which a lso includes readmiss ions  to the 
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hospital for surgical treatment of stump ulcers. Of course, other factors must be considered, including 
quality of l ife, satisfaction with the salvaged l imb vs. satisfaction with the prosthesis, return to work, 
stump pain, phantom pain, and chronic leg pain .  Energy also should be considered. Energy expendi
ture for below-knee amputation may be 20--40% higher than in normal subjects, increasing to I 00% 
higher in hip disarticulations. 
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69. LEG U LC E RS 

Norman  Weinzweig, M . D , and Raymond M .  D u n n ,  M . D . 

1 .  What are the most common chronic wounds seen in our population? 
Leg ulcers. They may result in cel lu l i t is ,  osteomyel i t is ,  gangrene, amputation, and even death. 

Leg ulcers know no social bounds, crippl ing all patients, inc lud ing those in their prime working 
years, with extraordinary morbidity and costs to society. 

2. How often is ulceration the precursor to amputation? 
Ulceration i s  the most common precursor to amputation (84% of cases). 

3. What is the differential diagnosis of leg ulcers? 
The d i fferential diagnosis of legs ulcers is extensive. The following l ist is by no means complete. 
Vascular disease Tumors 
• Arterial 

Arteriosclerosis obi iterans 
Thrombangit is obl iterans 
Hypertension 
Livedo reticularis 

• Venous-chronic venous insufficiency 
• Lymphatic-elephantiasis nostra 

(lymphedema) 

• Squamous cell carc inoma (Marjo l in  's) 
• Basal cell carc inoma 
• Kaposi 's sarcoma 
• Lymphoma (mycosis fungoides) 
Burns 
• Thermal 
• Electrical 
• Chemical 
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Metabolic disease 
• Diabetes mel l i tus 
• Necrobiosis l ipoidica diabeticorum 
• Pyoderma gangrenosum 
• Porphyria cutanea tarda 
• Gout 
Vasculitis 
• Lupus erythematosus 
• Rheumatoid arthrit is  
• Periarteritis nodosa 
• A l lergic vascul i t is  
Hematologic disease 
• S ickle cell anemia 
• Thalassemia 
• Hypercoagulable states (deficiency of 

antithrombin, protein C, protein S) 
• Polycythemia vera 
• Leukemia 

Leg U l cers 

Infectious disease 
• Bacterial 
• Fungal (coccidiomycosis ,  blast mycosis, 

histoplasmosis, sporotrichosis) 
• Tuberculosis 
• Syphi l i s  
Insect bites 
• Brown recluse spider 
• Sandtly 
Drugs 
• Halogens 
• Ergotism 
• Methotrexate 
Radiation 
Frostbite 
Weber-Christian disease 
Lichen planus 
Trophic ulcers 
Factitial (self-induced) 

4. How should you evaluate a patient with a leg ulcer? 
Begin with a thorough history and physical examination and then order the appropriate lab studies. 
History Physical examination 
• Onset, location, s ize, depth, drainage, • Atrophic changes 

infection • Capil lary refi l l  
• Etiology • Skin temperature 
• Previous treatment (conservative vs. • Sensation 

surgical) • Palpable pedal pulses 
• Ambulatory status • Deformity 
• Shoewear Lab studies 
• Medical history • Culture and sensitivi t ies 

Vascular status: claudication? rest pain? • Foot fi lms: radiograph, CT scan. MRI ,  bone scan 
Diabetes mell i tus • Noninvasive arterial and venous sn1dies 
Chronic venous insuffic iency • Ankle/brachia! indices 
Collagen vascular disease • Pulse volume recordings, photoplethysmography 
S ickle cell anemia • Bone biopsy 

5. What are the goals of treatment of leg ulcers? 
Goals include ulcer healing within a reasonable period, return to ambulation as oon as possible, 

long-term preventative measures against ulcer recurrence, and patient tolerance and compl iance w ith 
the treatment regimen. 

6. What is the most common cause of leg ulceration? 
Ambulatory venous hypertension is responsible for the overwhelming majority of leg u lcers, ac

counting for 70-90% of all cases. Twenty-seven percent of the adult population ha lower extremity 
venous abnomialit ies; 2-5% have c l inical manifestations of superficial or deep ven us insufficiency; 
and 1 .5% (over a half-mi l l ion people in the United States) have frank ulceration. Gp to L O% of pa
tients wi th ulcers have concomitant arterial occlusive disease. 

7. What is venous hypertension? 
Venous hypertension occurs when the blood pressure ins ide the veins, which is normal ly  1 5  

mmHg in a resting supine posit ion, i s  elevated to a pathologic level over a prolonged period. 

8. What causes venous hypertension? 
Venous hypertension i s  caused by incompetent valves in the veins of the legs. The most common 

cause of abnonnally functioning valves is a prior history of blood clots in the legs (thrombophlebi t is)  
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and the breakdown of the clots, which damages the delicate valves, part icularly their competence or 
abi l ity to sustain the column of blood from the foot to the heart. 

9. How do you diagnose venous hypertension'? 
There are numerous ways to examine leg veins. In the past the gold standard for evaluation was the 

venogram, an i nvasive test. Venograms are rarely performed today. Many noninvasive tests can evalu
ate the anatomy and function of the veins of the leg. The most common and widely used test is duplex 
scanning, which i n  experienced hands can assess the anatomy as well as function of veins. Other 
common tests are photoplethysmography and air plethysmography. These noninvasive tests attempt 
to measure how qu ickly blood flows backward or refi l ls the leg when it moves from the supine to the 
upright posi t ion. They are general measures of valvular incompetence and venous hypertension. 

10. Name the major veins of the leg. 
The major veins of the leg accompany the major arteries: the anterior t ibial ,  posterior t ibial ,  and 

peroneal vei ns .  These are the deep veins of the leg, or the deep venous system. The greater and lesser 
saphenous veins make up the superficial system of veins. 

1 1. Describe the anatomy of the veins of the leg. 
The deep ve ins  of the leg are paired and travel wi th the named artery; they are cal led venae 

comi tantes. The deep veins surround the artery and are connected to each other by smal l  crossing 
branches, much l ike the rungs on a ladder. The superficial veins do not travel speci fical ly with sig
n i ficant arteries and are not paired. Both the deep and superficial veins have valves that d i rect the 
flow of blood toward the heart and communicate between connecting perforating veins. When the 
valves of these veins do not function properly, a host of abnormalit ies may develop in the local area, 
the most s ignificant of which is an open wound or venous ulcer. 

12. What are perforating veins? 
Perforat i ng ve ins  connect the superfic ia l  and deep systems of  venous dra i nage of  the leg. 

Perforating veins run predominantly between the greater saphenous and posterior t ib ial veins but are 
found to a lesser extent throughout the leg between the superficial and deep systems. The perforators 
on the medial leg (posterior t ib ia l )  generally contribute to leg ulceration in th is  area when they are 
incompetent or their valves do not work. 

1 3. What are varicose veins? 
Varicose veins are d i lated, tortuous veins of the superfic ial system (subcutaneous). 

14. What is a varicose ulcer? 
Patients with varicose veins who have n6nnal deep veins may develop leg ulceration with pro

longed lack of treatment.  In such a case, surgical removal of the incompetent superfic ial veins ( l iga
t ion and str ipping of varicose veins) is an effect ive treatment for the leg u lcerat ion ,  which then 
should respond well to conservative care or s imple skin graft ing. 

15. What are the etiology and pathogenesis of venous ulcers? 
The etiology and pathophysiology of venous ulcers are not completely understood. Current con

cepts include the loss of venous valvu lar competence in the deep and/or superficial venous systems, 
which leads to venous hypertension. Prolonged venous hypertension promotes the extravasation of 
protein-rich edema fluid and red blood cel ls  into the subcutaneous t issues of the lower leg. A pericap
i l lary fibrin cuff functions as a diffusion barrier to oxygen and nutrient exchange at a cel lular level .  In 
addit ion, i nflammation caused by chronic red blood cell extravasation and leukocyte trapping in the 
tissue bed leads to the densely scarred, fibrot ic, hyperpigmented skin and subcutaneous t issue changes 
known as l ipodermatosclerosis ("brawny edema"). Lipodermatosclerotic t issue is poorly vascular
ized, easily traumatized, and prone to slow, poor wound heal ing wi th frequent ulcer recu1Tence. 

16. Where are venous ulcers located? 
Venous ulcers are generally located in the so-called gaiter region of the leg, which is between the 

malleoli and gastrocnemius musculotendinous junction. It is thought that perforating veins may trans
mit excessive pressure to the subcutaneous tissue with contraction of the calf muscle, predisposing to 
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t issue damage. Ulcers also may be located on the foot ,  between the toe , and on the posterior calf, 
but these s i tes are unusual and should encourage consideration of other diagnostic poss ib i l it ies. 

17. Describe conservative management of venous ulcers. 
Conservative management of leg ulcers consists of elastic compression, prolonged bed rest with 

leg elevation, Unna boot appl ication, local wound care with frequent dres i ng changes, and hygiene. 
This approach requires a l i festyle change that is often impract ical. Moreover, skin graft ing i s  associ
ated with poor long-term results and recurrence rates of up to 43%. None of these modal i t ies cor
rects the underlying pathophysiology. 

18. What is an Unna boot? 
Compression bandaging with materials impregnated with various paste substances such as calamine 

and zinc oxide, wrapped from the toes to the upper cal f, including coverage of an open ulcer, was pro
mulgated by Unna in the late 1 9th century for the treatment of venous ulcers. Any pa te bandaging of 
venous leg ulcers or even dry compression bandaging has come to be known as an Unna boot. 

19. How does an Unna boot work? 
The value of compression bandaging in the treatment of venous ulceration has been recognized 

s ince i t  was used by Celsus. Various supportive dressing regimens have been developed and promul
gated over the centuries. Compression has been shown to enhance fibrinolysis, reducing the patho
logic depos i t ion of fibr in in abnormal legs. No clear evidence indicates that the add i t ion of  
emol l ients to treat the  open wound and surrounding leg sk in  i n  patients wi th l ipodermatosclerosis 
provides greater c l in ical benefit than compression alone. 

20. Describe the surgical management of venous ulcers. 
Tradi t ional surgical approaches include varicose vein stripping, subfascial perforator l igation, 

valvuloplasty, and vein segment transposit ion and transplantation. Vein stripping usually deals wi th 
isolated superficial valvular insufficiency, which rarely causes ulceration. Perforator l igation is asso
c iated with frequent wound compl ications (2--44%) and h igh recurrence rates (6-55%). Valvu lo
plasty has demonstrated good results in cases of primary valvular incompetence. Valve transposit ion 
and transplantat ion have demonstrated poor results i n  cases of postthrombot ic recanal izat ion.  
Although these surgical approaches may improve the regional venous hemodynamics of  the lower 
leg, none addresses the i rreversibly scarred l ipodermatosclerotic bed. 

2 1 .  What is a Linton flap? 
It is general ly bel ieved that perforating veins between the posterior t ib ial (deep I and saphenous 

veins (superfic ia l )  contribute to venous leg ulceration. In 1 938 Linton described an operat ion to 
div ide the perforating veins in the hope that it would prevent the occurrence of ulceration. S i nce that 
t ime, the l igation of perforating veins has commonly borne the eponym Lin1on flap. The operation 
consists of an incision parallel and 2 cm posterior to the medial t ibial border from the medial mal le
olus to midcalf prominence (gastrocnemius bulge). The deep muscle fascia is div ided, and all perfo
rating veins are l igated. Currently, this operation is performed endoscopically whenever technically 
feasible to avoid wound-healing complications associated with the original open operation. 

22. Who should get a skin graft for a venous leg ulcer? 
Patients who have venous leg ulcers should undergo diagnostic evaluation to c n firm the status 

of competence of the deep ve ins (see question 9). Superficial venous insufficiency with ulceration 
(about 1 0% of patients w ith ulcers) can generally be treated successful ly by skin graft ing (and re
mov ing pathologic superfic ia l  and communicating veins). Elderly patients who do not respond to 
conservative treatment of ulcers may be candidates for skin grafts. 

23. What are the goals for long-term cure of recalcitrant venous ulcers? 
Despite s ignificant advances in the past 1 0-20 years in understanding the et iopathogenesis as 

wel l  as the conservat ive and surgical management of venous valvular insuffic iency and venous 
ulcers, both remain essent ia l ly incurable conditions. Long-term cure of venous u lcers depends on 
accompl ishing the fol lowing goals: ( I )  restoration of normal venous hemodynamics at the level of 
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and in the region of the venous ulcer and (2)  complete removal of the ulcer and all surrounding l ipo
demiatosclerotic skin and subcutaneous t issue. 

24. What is the role of free tissue transfer in the management of venous ulcers? 
Recently, Dunn et al. and Weinzweig and Schuler reported their experience w ith the use of fas

ciocutaneous and muscle free flaps, respectively, in the treatmelll of recalci trant venous ulcers. Both 
groups found that free t issue transfer provides a long-term cure by replacing the d iseased l ipocler
matosclerotic t issue bed with healthy t issue containing multiple, competent m icrovenous valves and 
a normal m icrocirculation, thereby improving regional hemoclynamics. In addit ion, the transfer can 
be accomplished in one reconstructive procedure with excel lelll results. Both groups reported no re
currence of venous ulceration within the flaps. In a few cases, fai l ure to excise al l  of the l iposclerotic 
tissue led to breakdown and slow healing of the flaps at the margins. Each of these cases eventually 
healed with conservative measures. 

25. Who should get a free flap for a venous leg ulcer'? 
Pat ients with deep venous insufficiency, loca l ized recurrent ulcerat ion ,  and l i posclerotic 

(scarred) t issue benefit from a subfascial excision of the ulcer and scarred t i ssue and reconstruction 
with a t issue replacement microvascular flap. 

26. What kind of free flap is best for a venous ulcer? 
Multiple tissue types have been used successfully to reconstruct leg ulcer defects, including fas

ciocutaneous flaps, muscle flaps wi th skin grafts, and omental flaps with skin grafts. Flap selection 
is commonly based on available donor sites as wel l  as the size and extent of the u lcer defect that is 
expected after excision. 

27. What intrinsic role does the flap tissue play in treatment of venous ulcers? 
Fasc iocutaneous and muscle free flaps contain mult iple valves in their venous systems. These 

valves are morphological ly identical to leg valves and may provide the l imited flap area with some 
long-term protection from reulceration, thus essent ially "curing" the chronic condition in the right sur
gical candidate. Aharinejad et al. and Taylor et al. have clone excellent anatomic studies of the microve
nous valvular anatomy of the human dorsal thoracic fascia and various muscle flaps, respectively. 

28. Describe the scope of the problem with respect to diabetes, arterial occlusive disease, and 
amputation. 

• 50-70% of leg amputations are secondary to diabetes. 
• 28% of these amputations fai l  to heal , result ing in a higher level of amputat ion. 
• 50% of patients undergo amputation of the contralateral leg within 2-5 years. 
• The 5 -year survival rate after amputation is 40%. 
The personal , emotional, economic, and societal consequences are enonnous. 

29. What is the etiopathogenesis of diabetic foot ulcers'? 
Diabetic foot ulcers arise primarily from neuropathy (altered proprioception, touch.  or pain sen

sation), vascular d i sease (w i th associated ischemia) ,  or both, often compl icated by infection. 
Contributing factors inc lude l im ited joint mob i l i ty, cal lus formation, h igh foot pressures, and in
creasing suscept ibi l ity to ulcerat ion. 

The neuropathic foot (poor sensation, good circulation) is characteristically healthy. wel l-nour
ished, and hair-bearing, w ith good dorsal is pedis and posterior t ibial pulses and a high arch. Th ick 
callus formation occurs on pressure points of the soles or toes. Bruis ing of the subcutaneous t issue 
and extravasation of blood beneath the calluses leave a rich culture media for local bacteria. The bac
teria spread beneath the callus to the underlying joint capsule and metatarsal head, eventual ly result
ing i n  osteomyel i t is .  

The ischemic foot (poor c irculation, acute sensation), on the other hand, is dry, atrophic, scaly, 
hairless, and undernourished. It is cool to touch with diminished or absent pulses. In fected areas are 
often painful to touch or pressure. U lcers often have full-thickness skin necrosis in the center with a 
surrounding rim of erythema. Seldom is osteomyel i t i s  or a true abscess found with pus located 
behind the necrotic t issue. lschemia makes any lesion a serious condition that may quickly become a 
l imb- or l i fe-threatening problem. 
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30. Discuss two common misconceptions about diabetic foot infections. 
l .  Smal l  vessel disease-arteriolar occ lusive disease may cause ischemic lesi ns in the pres

ence of nomrnl pulses. 
2. Endothel ial  prol iferation in small vessels-thickening of capi l lary basement membrane but 

not narrowing or occlusion. 
An uncontrolled study by Goldenberg in 1 959 indicated that amputation specimens from diabetics 

showed an increased incidence of a11eriolar occlusion due to proliferation of endothel ium and deposi
t ion of periodic acid-Schiff (PAS)-positive material. Jn 1 984 this misconception was repudiated by 
LoGerfo and Coffman in a prospective controlled study of amputation specimens from diabetics and 
nondiabetics, and a simi lar prospective study using a sophisticated arterial casting technique failed to 
confim1 Goldenberg's theory. No small ai1ery or arteriolar occlusive lesion is associated wid1 d iabetes. 

31. What is the fate of the contralateral foot in diabetics? 
According to the classic study by Kucan and Robson of 45 patients fol lowed for a m inimum of 

3 years, 22 patients (49%) developed a severe infection of the contralateral foot with in 1 8  months. 
Fifteen of these patients (68%) required some type of amputation of the contralateral foot (3  toe, 2 
ray, 4 transmetatarsal, 6 below-knee). Fourteen of the patients (64%) with severe infections of both 
feet maintained b ipedal ambulation. 

32. What is the diabetic Charcot foot? 
ln  1 968 Jean-Mart i n  Charcot first described the neuropathic joint changes as ociated with the 

tabes dorsal is, bel ieving them to be a secondary effect of the neurologic defic i t  related to tertiary 
syph i l is .  In 1 936 Jordan first described neuropathic arthropathy in diabetics, and in 1 947 the Joslin 
Clinic publ ished the first series of cases. Today d iabetes is  the most common cause of Charcot joints, 
which occur in I of 680 diabetic feet. Charcot neuroarthropathy of the foot is  one of the most devas
tating consequences of diabetes, occurring in patients with an average duration of d iabetes of 1 2- 1 8  
years; 1 8% of cases are b ilateral. 

The rad iographic find ings are characterized by a severely destructive form of degenerat ive 
arthritis with s imultaneous bone destruction, joint destruction, subluxation or disl cation, a11d frag
mentation in addi t ion to hypertrophic periosteal react ion. Neuropathic arthropathy is a rel atively 
painless, progressive, and degenerative arthropathy of single or multiple joints cau ed by the under
lying neurologic defic its. The most frequent sites of i nvolvement include the tarsometatarsal joints 
(60%), the metatarsophalangeal joints (6 1 %), and the ankle joint (9%). On examination, the foot i 
grossly deformed with a typical rocker bottom subluxation of the m id-tarsal region or subluxations 
of the metatarsophalangeal joints and a h igh arch w ith cocked-up toes. The foot is  erythematous, 
warm to touch, and anhidrotic. 

The exact mechanism is unknown; however, it is hypothesized that hyperemia from autonomic 
neuropathy resul ts in l igament laxity and osteolysis. With continued microtrauma due to sensory 
neuropathy, the bone and joint surfaces are destroyed. Loss of normal protective mechanisms sub
jects joints to extreme ranges of motion, result ing in capsular and l igamentous stretching, joint laxity 
with eventual d islocation, fracture, and bone and joint destruction. This process o curs in the pres
ence of bounding pulses and elevated ankle-brachia!  i ndices. The hyperemia or increased b lood 
supply promotes resorption of the normal bone, creat ing a vic ious cycle. 

33. Describe the status of the arterial system in diabetics. 
Not all diabetics have poor circulation. Moreover, ma11y diabetics have absent femoral, popliteal, 

or pedal pulses yet do not mani fest foot problems. This finding suggests that ischemia is usual ly only 
one component of the problem. The pathology of atherosclerosis for diabetic and n ndiabetic patients 
is  s imi lar, but there are several dist inguishing characteristics. o

"
iabet ics have a predi lect ion for 

macrovascular occlusive d isease involv ing the tibial/peroneal vessels between the knee and the foot, 
as evidenced by the fact that 40% of diabetics presenting with l imb-threateni ng ischemia have a pal
pable popl i teal pulse. The presence of a pulse does not mean that circulation is adequate. No  occlu
s ive small  vessel d isease of the d iabetic foot precludes successful revascu larizat ion.  Occlus ive 
microvascular d isease of  the foot does not exist (see question 30). Revascular ization can restore 
t issue perfusion to the ischemic d iabetic foot. Diabet ics also have a d iminished abi l ity to develop 
col lateral c i rculat ion.  Calc i fication i nvolv ing the i nt imal plaque and media (medial calc inosis or 
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Monckeberg's scleros is )  frequently involves arteries at a l l  levels but often spares the foot vessels .  
Medial calcinosis often gives erroneous ankle-brachia! indices and other noninvasive testing results. 
The classic indications for surgical intervention include incapacitating c lauclication, rest pain, and 
threatened l imb loss (ulceration or gangrene). 

34. Describe considerations in  the surgical management of diabetic patients with a foot ulcer. 
• General medical condition • Ambulatory status 
• Peripheral circulat ion • Compliance 
• Local wound status 
In  addition, one must consider whether amputation is more favorable than revascularization and 

reconstructive procedures. 

35. Describe the management of plantar forefoot ulcers. 
Difficult wounds involving the plantar forefoot typically are located over the metatarsal heads. 

Ulceration often exposes bone and tendon and is usually managed by digital amputat ions. Forefoot 
ulcers often require toe fi l let, ray, or transmetatarsal amputations. Metatarsal head resections reduce 
the amount of bone in this area, often al lowing the wound to be closed primarily. With respect to the 
metatarsal head, conservative clebriclement is performed for the great toe, dorsal free-floating os
teotomies for the second through fourth toes, and complete excision for the fifth toe. Soft t issue cov
erage can be obtained by plantar V-Y advancement flaps, island neurovascular toe flaps or toe fi l let 
flap, and distally based muscle flaps. Free tissue transfer i s  sometimes necessary to salvage nonheal
ing transmetatarsal amputation stumps. 

36. Describe the management of plantar midfoot ulcers. 
Most d i fficul t  wounds in the plantar miclfoot are associated w ith Charcot's d isease. Fracture

clis locations resul t  in  s ign ificant architectural changes, col lapse of the arch, and alterat ion of the 
normal weight-bearing surface. Management often involves extensive resection of the ulcer, includ
ing scar t issue, bursa! t issue, and underlying bony prominence. The wound is c losed by fi l l ing its 
depths with a local muscle flap and a rotation advancement fasciocutaneous flap from the instep 
based on the medial plantar vessels. The muscle i s  usually the flexor cligi torum brevis or abductor 
cligi t i  min imi ,  depending on the locat ion of the ulcer. More extensive defects are managed by free 
tissue transfers. 

37. Describe the management of hinclfoot (heel) ulcers. 
Hinclfoot ulcers often require wide local osseus clebriclement, especial ly of the calcaneus. Such 

ulcers involve defects on the plantar and posterior aspect of the heel. For the plantar aspect, techniques 
i nclude local rotation or advancement heel-pad t issue flaps, instep i s land pedic le  flaps, turnover 
muscle flaps, and free t issue transfer. For the posterior heel ,  where the Achi l les tendon i s  often ex
posed, skin grafts or local flaps (V-Y advancement, local rotat ion, and d istally based vascularizecl 
pedicle flaps) usually suffice. Often the posterior t ibial artery is occluded, and free tissue mmsfer may 
be necessary with anastomosis to the dorsal is pecl is vessels or in si tu distal bypass graft. Wel l-vascu
larizecl coverage generally cannot be achieved by local arterial izecl flaps, such as the lateral calcaneal, 
dorsal is peclis, and fasciocutaneous instep island flaps. Free t issue transfer is usual ly required. 

38. How are m ultiple tarsal and metatarsal ulcers managed'? 
Such ulcers often interfere with ambulation; below-knee amputation is usual ly indicated. 

39. How can foot ulcers be prevented? 
• Proper footwear-the most attractive shoes are not necessari ly the best fitting 
• Proper hygiene-wash feet every clay with mild soap and dry thoroughly, especially between toes 
• Appl ication of moisture cream everywhere except between toes 
• Avoidance of self ("bathroom") surgery 
• Avoidance of foot soaking 
• Avoidance of heat, heating pads, or sleeping next to the stove or radiator 
• Regular physician v is i ts to control blood glucose, weight, and blood pressure 
• Avoidance of smoking 
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• Daily exercise 
• Periodic neurologic and vascular examinations 

40. What is the bacteriology of foot infections? 
Most foot infections (70-80%) severe enough to require hospitalization are polymicrobial (2-6 

microorganisms), including gram-positive and gram-negative aerobic (and facultative) organisms as 
well as anaerobic isolates in  30-80% of cases. Staphylococcus aureus i s  recovered in  one-third to 
one-half of cases. Enterococci are seen in 25-30% of patients, almost always as mixed m icrobial 
flora. Among gram-negative organ isms are Proteus spec ies, Escherichia coli, and a variety of 
Enrerobacteriaceae. Pseudomonas aeruginosa is  less common but important because organisms 
may be resistant to antimicrobials effective against other gram-negative bac i l l i .  Anaerobic species 
include gram-posit ive cocci (peptococci, peptostreptococc i ) , bac i l l i  (C/osrridi11m species) ,  and 
gram-negative bacteria (Bacreroides species). 

41 .  What are the basic rules for treating any foot infection? 
• Absolute bed rest • Administration of appropriate antibiotics 
• Regulation of diabetes • Adequate drainage 
• Adequate wound culture • Appropriate wound care 

42. What is the role of the vascular surgeon and plastic surgeon in salvage of the diabetic foot'? 
The l imb salvage rates in diabetics with difficult foot wounds have increased s ignificantly be

cause of the c lose col laboration of plastic surgeons and vascu lar surgeons. Thi col laborat ion i s  
largely due to  a better understanding of the blood supply in the foot, which allows a wider arsenal of 
foot flaps as wel l  as more successful revascularization. The recent role of free tissue transfer, which 
faci l i tates the c losure of wounds of any s ize in any location, is especia l ly  important. The goal is  
stable wound coverage and bipedal ambulation. 

43. Describe the rehabilitation team for the diabetic foot. 
• Podiatrist for patient education, preventive maintenance, orthotics, and special shoes 
• Physical therapist for return to normal activity, gait training to prepare for a prosthesis,  and 

prophylactic exercises to maintain body tone 
• Nutritionist for advice on diet needs 
• Surgeon to ensure proper wound healing and proper prosthetics 
• Endocrinologist to make the final decision about diabetes management 

44. Describe the nature of sickle cell ulcers. 
S ickle cell ulcers occur in patients with homozygous sickle cel l  disease (0.5-3% of the black 

population i n  North America). Disabl ing ulcerations develop in 25.7-73.6% of pat ients. Ulcerations 
of the lower extremities are chronic, recurrent, excruciatingly painful ,  and disabling. They occur in 
areas of marginal vascularity where minor abrasions become foci of inflammation, which in  turn 
cause decreased local oxygen tension, sickling of reel cel ls ,  increased blood v isco ity, and thrombo
sis with consequent ischemia, t issue breakdown, and further inflammation. This v icious cycle, i nit i
ated spontaneously or by relatively insignificant trauma, results in the replacement of normal t issue 
by scar tissue, a permanent locus minor resistantiae. 

45. What role does skin grafting play in the management of sickle cell ulcers? 
Unfortunately, skin grafting is  not an answer to this frustrating c\jn icaJ problem. Skin grafting 

does not alter the underlying pathophysiology or increase the blood supply to the involved region. 
Despite adequate wound care, exchange transfusion to lower the percentage of hemoglobin S, and 
skin grafting, as many as 97.4% of ulcers recur at the same si te within 2 years. An average hospital 
stay of 55 days is  required to treat each ulcerat ion. 

46. What other reconstructive options are available for patients with homozygous sickle cell 
disease? 

There is  a paucity of fasciocutaneous, muscle, or musculocutaneous flaps that are rel i able, wel l
vascularized, and locoregional .  Free t issue transfer is the reconstructive procedure of choice for 
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defects of the lower third of the leg. However, the key question is whether the obligate period of is
chemia inherent in free tissue transfer inevitably dooms a flap to fai l ure. 

47. What is the role of free tissue transfer for l imb salvage in patients with homozygous sickle 
cell d isease'? 

Weinzweig et al .  recently reported a series of successful free flaps in patients with homozygous 
sickle cell disease. Special perioperative measures were taken to opt imize the chances of a success
ful outcome. The obligate period of ischemia did 1101 inevitably doom the flap to fai lure. Periopera
tive measures include the fol lowing: 

• Exchange-transfusion to lower hemoglobin S to below 30% 
• Maintenance of hematocrit at 3 1 -35% 
• Intraoperative flap washout and perfusion with warm heparinized saline-dextran solution 
• Administrat ion of dextran and aspirin intraoperat ively and postoperatively 
• Prophylactic topical and systemic antipseudomonal antibiotics 
• Supplemental oxygen 
• Warm ambient room temperature 
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1 .  What i s  the  pathophysiology of  pressure ulcers? 
Tissue pressures higher than the pressure of the microcirculation (32 mmHg) cause ischemia; if 

the ischemic period is long enough or repeated frequently, the eventual outcome is t i ssue necrosis .  
Thus, the prime mechanism of pressure ulceration is cel lu lar ischemia. 

2. Name the primary risk factors for developing pressure ulcers in  chair-bound people or 
people with impaired ability to reposition. 

• Immobil ity 
• Incontinence 
• Nutritional factors such as inadequate d ietary intake and impaired nutritional status 
• Altered levels of consciousness 

3. What are the Braden Scale and the Norton Scale? 
These scales and their modifications are val idated risk-assessment tools to ident i fy pat ients at 

high risk of developing pressure ulcers. The Braden Scale has been evaluated in diverse s i tes such as 
medical/surg ical units ,  i n tensive care un i ts ,  and nurs ing homes; the N orton Scale has been tested 
with elderly patients in hospital settings. 

4. Which areas of the body are more prone to pressure ulcerations? 
All areas around bony prominences are at risk. Most pressure u lcers occur on the ischia l  

tuberosity (28%), trochanter ( 1 9%),  and sacrum ( 1 7%).  Heel ulcers have the highest incidence (9%) 

outside the pelvic area. 

5. What is the staging system for pressure sores? 

Stage I 

Stage II  

Stage III  

Stage IV 

Pressure Sore Staging System 

Nonblanchable erythema of intact skin (heralding lesion of skin ulceration). 

Partial-thickness skin loss involving epidem1is or dem1is. The ulcer is superficial and 

presents c l in ically as an abrasion, bl ister, or shallow crater. 

Ful l-thickness skin loss involv ing damage to or necrosis of subcutaneous tissue that may 

extend down to, but not through, underlying fascia. The sore presents c l in ical ly as a deep 

crater with or without undermining of adjacent t issue . 

Full-thickness skin loss with extensive destruction, tissue necros is, or damage in muscle, 

bone, or supporting structures (for example, tendon or joint capsu le) . 

From U.S.  Department of Health and Human Services: Pressure Ulcers in Adults: Prediction and Prevention. 
Cl inical Practice Guideline No. 3, Publication 97-0047, 1 992. 

6. In patients with spinal cord injury, what is the pathophysiology of lower extremity spasms? 
Spasticity develops because spinal reflex arcs are separated from the control l ing i nfluences of  

h igher centers i n  the nervous system. Incoming fibers from muscle spindles end directly on motor 
cells as the afferent arm of myotatic or stretch reflexes; activation of such reflexes causes the muscle 
to contract. 

7. How do you manage spasticity in paraplegic patients? 
Spasticity can be managed pharmacologically and surgically. The most commonly used drugs 

include diazepam, I 0-40 gm/day, and baclofen, 1 5- 1 00 gm/day. For spasticity refractory to medica
tions, intrathecal phenol or alcohol i s  recommended. Neurosurgical al leviation with cordotomy or 
rhizotomy i s  indicated for severe cases not responsive to medical care. 
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8. What is the best modality for evaluation of pelvic osteomyelitis in patients with pressure 
sores? 

The best modal ity is bone biopsy, which should not be done through the ulcer but rather through 
healthy skin. Several biopsies from various areas of the pelvis are necessary when generalized pelvic 
osteomyel i t is  i s  suspected. 

9. What other tests are helpful in establishing the diagnosis of pelvic osteomyelitis? 
Several laboratory and imaging tests Can be used, including erythrocyte sedimentat ion rate, 

white ce l l  count, p la in radiographs, computed tomography, and magnetic resonance imaging .  
Combined results of p la in  radiographs, white ce l l  count, and erythrocyte sedimentation rate may 
have a sensit ivity as h igh as 89%. 

1 0. What is the treatment for pelvic osteomyelitis? 
Patients with established pelvic osteomyelit is need to be treated for 6-8 weeks with appropriate 

intravenous ant ibiot ics .  Repeat bone biopsies may be necessary to confi rm successful  treatment 
prior to extensive reconstructive procedures. 

1 1 . List the surgical steps for pressure sore closure. 
I .  Drainage of all col lections 
2 .  Wide debridement of al l dev ital ized and scarred soft t issue 
3.  Excision of the pseudobursa 
4. Ostectomy of all i nvolved bone 
5. Careful hemostasis and suction drainage 
6. Obl iteration of a l l  residual dead space with well-vascularized t issue ( muscle, musculocuta

neous, or fasciocutaneous flaps) 
7. Closure w ithout tension 

1 2. What is the blood supply to the gluteus maximus muscle? 
The superior and i nferior g luteal arteries-branches of the hypogastric artery-supply the supe

rior and inferior portions of the muscle. The piriform muscle is interposed between the superior and 
i nferior pedicles. Both pedicles cross from medial to lateral and enter the undersurface of the muscle. 

13. What are the various designs for the gluteus maximus musculocutaneous flap? 
The gluteus maxi mus flap can cover sacral and ischial pressure sores. For coverage of sacral 

pressure sores, the g luteus maximus flap is usually used as a sl iding musculocutaneous flap, as a V-Y 
musculocutaneous advancement flap, or as a rotation flap. For coverage of an ischial pressure sore, 
the most common method is to detach the muscle laterally from the greater t rochanter and rotate it 
medially to cover the ischium. With the V-Y advancement, the muscle can be detached completely 
from the greater trochanter. In  nonparalyzed patients, the central portion of the i l iotibial tract and the 
muscle should be left attached to the trochanter to preserve function of the muscle. 

14. What is the innervation of the gluteus maximus muscle? Can the gluteus maximus flap be 
used in  nonparaplegic patients without functional deficit? 

The gluteus maximus receives innervation from the superior and inferior gluteal nerves. The in
ferior gluteal nerve is more dominant; it i s  the strongest external rotator and extensor of the hip. As 
long as the inferior gluteal nerve is left intact and the muscle is not completely detached from the i l 
iotibial tract and the greater trochanter, function can be preserved in ambulatory pat ients. 

1 5. What is the blood supply to the gracilis musculocutaneous flap? 
The dominant b lood supply i s  the medial c ircumflex femoral artery, a branch of the profunda 

femoris. The pedicle courses from medial to lateral. It enters the undersurface of the muscle I 0- 1 2  
cm inferior to the pubic tubercle. 

1 6. What is the blood supply of the lumbosacral back flap? What are its applications? 
The lumbosacral or transverse back flap is based on the contralateral lumbar perforators, usually 

L I -LS . The flap covers a medium-sized pressure sore of the sacral area; i t  inc ludes only skin and 
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subcutaneous t issue and does not provide adequate bulk. The lumbosacral flap is a secondary option 
for sacral pressure sores when other primary options are not avai lable. The donor s i te needs to be 
skin-grafted. 

17.  What is the blood supply to the vastus lateralis muscle? 
The descending branch of  the lateral c i rcumflex femoral artery, a branch of  the profunda 

femoris .  The vessel courses from medial to lateral; after emerging from beneath the rectus femoris 
muscle, it enters the anterior proximal belly of the vastus lateral is muscle approximately I 0 cm in fe
rior to the anterosuperior i l iac spine. 

18. To the rectus femoris muscle? 
The blood supply of the rectus femoris muscle is derived from branches of the lateral c i rcum

flex femoral artery. The vessel courses from medial to lateral. Two to three branches enter the under
surface of the muscle at the proximal third. 

19. To the gluteal thigh flap"? 
The blood supply to the gluteal thigh flap is the descending branch of the infe1ior gluteal artery. 

The Slllface landmark for flap design is the midpoint between the greater trochanter and the ischial 
tuberosity proximally. Distally, the flap can extend to the medial femoral condyle and the posterior 
border of the tensor fascia lata. 

20. To the tensor fascia lata flap? 
The blood supply to the tensor fascia Jata flap is derived from a terminal branch of the lateral 

circumflex femoral artery from the profunda femoris artery, which supplies blood to the small tensor 
fascia! lata muscle. The entire lateral thigh skin is vascularized by perforating arterie from this vessel .  

21.  What flaps can be used to cover perinea! pressure sores"? 
I n  patients with an intact lower extremity, the grac i l i s  muscle/musculocutaneous flap can be 

used. In patients with a urethrocutaneous fistula, the urethra should be reconstructed first over a stent 
with a full-thickness skin graft tube. A grac i l is muscle flap can then provide surface coverage. If the 
lower extremity i s  not present, the perinea! defect can be covered with an inferior!_ based recrus ab
dominis  flap using the deep inferior epigastric artery. 

22. When is a total thigh flap recommended? 
The total t h igh flap should not be considered the optimal choice for management of primary 

sores. It is recommended for recurrent mult iple pressure u lcers around the pelv i s  and perineum. 
Before reconstruction, coexisting pelvic osteomyel i t is  must  be managed. I f  a urethral fistula is also 
present i n  the perineum, i t  should be repaired, or urine should be d iverted before final reconstruction. 

23. What measures does a successful total thigh flap include? 
I .  Extensive debridement of all devital ized soft t issue and bone 
2 .  Careful planning of surgical incisions to maximize soft t issue use from the thigh and leg 
3.  Amputation of leg at the appropriate level (if an extensive defect is present, one may extend 

the thigh leg flap almost to the level of the malleol i )  
4. Meticulous hemostasis and placement of multiple suction drains 
5. Obliteration of all res idual spaces and a tension-free closure 
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7 1 . LYM PH E D EMA 

Lloyd P Champagne, M D ,  and ) .  William Futrell , M . D  

1 .  What is the function of the lymphatic system'? 
The lymphat ic system is a series of endothe l ial- l ined, thi n-walled channels that transport fl uid, 

proteins, and particles from the interstit ial compartment to the vascular system. Fluid and particles 
that have escaped from the i ntravascular system are returned for recycl i ng.  The lymphatic system 
also presents foreign matter to the immune system. When non-se l f  debri s such as bacteria are 
cleared, contact is made with antigen recognit ion systems. I n  the in test ines, lymphatics have the ad
ditional duty of transporting triglycerides and chylomicrons centrally for processing i nto energy. 

2. Where is the lymph system? 
A dense system of lymphatic vessels permeates most t i ssues. In the extremities, the superficial 

system begins as a cutaneous network of valveless channels that drain into valved collecting ves els 
in the subdermal layer. These vessels in turn coalesce i nto larger pathways that fol low the major 
ve ins .  A deeper system exists below the deep muscular fasc ia ,  also arranged along the venous 
system. These pathways drain toward nodal bas ins in the proximal extremi ty en route through the 
trunk to the right and left subclavian vein, the primary sites of reentry of lymph fluid i nto the venous 
system. Lymphatics also have been found in most parenchymatous organs with the exception of the 
interlobular port ion of the l iver. Lymphatics have yet to be ident i fied in the central nervous system, 
muscle, tendon, cartilage, bone marrow, and cornea. 

3. Define lymphedema. 
Lymphedema is the accumulation of prote in-rich flu id in the interst i t ia l  spaces resul t i ng in an 

abnormal enlargement of the affected part. 

4. What propels lymph through the lymphatic vessels? 
Lymphatic flow is faci l i tated primarily by the compression of lymph channels in contact with sur

rounding musculature. This mechan ism, in concert with a system of valves, promotes the central flow of 
lymph. As lymph vessels coalesce along major venous and arterial pathways, the pulsations of adjacent 
vessels intern1ittently compress the valved channels. The lymph from the extremities then travels toward 
the neck and is subject to variations in intraabdominal and intrathoracic pressure, again propel l ing 
lymph toward the central neck veins. Al though the media of larger-cal iber lymph vessel s  contains 
smooth muscle, this muscle does not directly assist in lymph flow but rather regulates vessel cal iber. 

5. Where does lymph fluid enter into the circulation? 
The extremity lymphatics coalesce into two major lumbar lymph trunks that at the L4 level join 

to form the cisterna chyl i .  The cisterna chyli then passes through the aortic hiatus to become the tho
racic duct and subsequently empties imo the left subclavian vein as it is jo ined by the left internal 
jugular vein .  Lymph flu id also drains into the circulation from the right lymphatic duct, which drains 
the right side of the head and neck, upper extremity, thorax, and lung. There are other minor s i tes of 
lymph return throughout the body at lymphovenous communications in the lymph nodes. 
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6. What is the effect of inadequate lymph drainage in  the extremities? 
As prote in  and fl uid accumulate in the interstit ial spaces, lymphatic destruction becomes sel f

perpetuating. The protein in the interst i t ium activates the inflammatory cascade. Inflammatory cel ls 
permeate the lymphedematous t issues, but the effect of the protein-rich, oxygen-poor enviroru11ent 
impairs their phagocytic activity. The decreased capacity for phagocytosis results in net collagen de
pos i t ion as activated fibroblasts continue to Jay down col lagen fibril in response to injury. The end 
result is  thickened, fibrosed channels that have an impaired abi l i ty to clear fluid and protein .  The ad
jacent in tersti t ium is s imi larly changed, showing increased fibrosis and col lagen deposi t ion. In addi
t ion to the acute i njury, chronic i njury to smooth muscle causes these cel ls  to transform in to  
fibroblast l i ke ce l l s ,  further promoting t issue fibrosis .  Th is  cyc l i c  pattern of swe l l ing wi th  t issue 
injury gradually causes progression of the lymphedema. 

7. What is the relationship between bacterial infection and chronic lymphedema'? 
Considerable morbid i ty and occasional mortality may occur in patients wi th lymphedema due 

to recurring episodes of cellu l i tis . The stasis of lymph predisposes to infection, and the repeated in
fection makes the lympheclema worse. Such infections cause permanent alterations in  the lymphatic 
apparatus clue to inflammation and fibrosis. Streptococci and staphylococci are the most common 
causative organ isms. 

8. What is the most feared consequence of long-standing lymphedema? 
Lymphangiosarcoma (LAS) is  a rare but highly lethal compl ication of  chronic lymphedema. 

Most cases have occurred in postmastectomy patients with long-standing obstruction ( typical ly 1 0  

or more years) .  However, LAS has occurred wi th lymphedema from other cause . Because these 
tumors are aggressive and metastasize early, in i t ial radical amputat ion of  the affected l imb i s  be
l ieved to offer the best chance of cure. Conservative excision has been associated i th a h igh rate of 
recurrence and death, and, unfortunately, LAS does not respond to chemotherapy or radiotherapy. 
Prognosis for LAS is poor w ith an average survival of 1 9  months. When the condit ion occurs in as
sociation wi th aim edema after mastectomy, it is referred to as the Stewart-Treves syndrome. 

9. Is lymphedema inherited? 
Secondary lymphedema is acquired and therefore cannot be inherited. Primary lymphedema is a 

d iagnosis of exclusion; no iden t i fiable cause is known. Among patients present ing w i th pr imary 
lymphedema, a fami l ial pattern occurs in about 1 5%. 

10. Who is most l ikely to develop lymphedema? When? 
Lymphedema is classified based on the t ime of presentation and the presence or lack of  a de

fined cause. Primary lympheclema is a diagnosis of exclusion and is c lassified by t ime of appearance 
i nto congeni tal , early, and late forms. Lymphedema congenita is  present at b i rth and accounts for 
about 1 5 %  of all patients with primary lymphedema. Mi lroy's disease is lymphedema congenita that 
demonstrates a fami l ial  pattern of inheritance; it affl icts women twice as often as men and is more 
l i kely to i nvolve the lower extremi t ies. Lymphedema praecox or early lymphedema, the most 
common of the primary edema states, accounts for approximately 75% of primary lympheclema and 
has its c l in ical onset from chi ldhood to age 35. Like lympheclema congeni ta, lymphedema praecox i s  
more common in women and usually affects the lower extremit ies. Lympheclema tarda or  late-onset 
lymphedema accounts for 1 0% of primary lymphedema and occurs after the age of 35 years. 

Secondary lymphedema is acquired as a result of damage to lymphatics and lymph nodes. In de
veloped countries, metastat ic tumor to lymph nodes and surgical removal of nodal basins are the 
leading causes of secondary lympheclema; therefore, secondary lymphedema is common i n  older 
people and postsurgical patients. In  tropical and subtropical countries, filariasis, a parasi tic i nfection 
from the organism Wuchereria ba11crojii, produce a type of secondary lympheclema that i termed 
elephantiasis when the swel l i ng reaches gigantic proport ions. 

1 1 .  What disease states are suggested by an enlarged extremity? 
The d i fferential d iagnosis of an enlarged extrem i ty i ncludes several disorders, each of  which 

should be considered before the condit ion is labeled lymphedema. Venous edema and obesi ty are 
much more l ikely to be responsible for an enlarged extremity. Extremity obesity, also referred to as 
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l ipoedema or l ipodystrophy, is  common and easi ly confused wi th  lymphedema. The multiple condi
tions that contribute to a state of fluid excess, such as renal and cardiac disease, should also be consid
ered early in the differential diagnosis. A partial list of the causes of lymphedema is presented below: 

• Primary lymphedema (unknown cause but l 5% of cases are congenital) 
Lymphedema congenita, praecox, and tarda 

• Acquired lymphedema 
Malignancy, primary or metastatic 
Extra.lymphatic compression due to nonmalignant states 
Iatrogen ic causes ( i rradiation or surgery-lymphadenectomy and disruption of lymph channels 

without node removal) 
Trauma 
In flammation 
Infection-bacterial, fungal, parasitic 

• Disorders not due to lymphedema 
Lipoedema (obesity) 
Venous edema 
Low protein  states (nephrotic syndrome, malnutrition, and cirrhosis) 
Conditions  associated with generalized fluid overload (e.g. ,  cardiac, renal) 

12. What is the l ikelihood of extension of lymphedema into another region of the same extremity? 
Proximal extension of lymphedema in the same l imb is unusual after the first year, occurring i n  

7 %  of  the patients after the first year and < I %  after 5 years. 

13. What is the l ikelihood of an increase in the girth of an extremity in patients with primary 
lymphedema of the lower l imb? 

Although the probabi l ity of extension of lymphedema into another region of the lower extremity 
is  low, 35-40% of patients fol lowed for 5,  I 0, and 20 years experienced increasing girth of the af
fected extremity. The prognosis for severity of swel l ing is closely related to lymphographic findings. 
Proximal obstructive hypoplasia is  more l ikely to be associated with severe edema and progressive 
swel l ing. 

1 4. How frequent is bilateral lymphedema? 
In Wolfe and Kinmonth 's review, contralateral development of lymphedema occurred in only 9% 

of patients. A fter d iagnosis of the initial lymphedematous state, about 3% developed edema of the 
other leg between I and 5 years; the remaining 6% manifested contralateral disease after 5-20 years. 

15. How do lymph fluid and venous edema fluid differ? 
The protei n  content of lymph fl uid varies from 1 -5 gm/di ,  wherea protei n  in venous edema 

fluid is  below I gm/di. In addition, the ratio of albumin to globul in is higher in  lymph fluid. 

1 6. Can lymph channels reestablish continuity after transection? 
Transected lymph vessels may reestablish continuity across a gap of approximately l mm under 

optimal healing conditions. In the presence of hematoma, infection, or inflammation, this process is 
hindered. Delayed heal ing i s  an important factor contributing to the development of  l ymphatic 
edema after removal of the glands of the axi l la or groin. If direct anastomosis does not occur, collat
eral channels may "enrich" or hypertrophy, or they may reorient to drain lymphedematous areas. 

1 7. When is a confirmatory lymphangiogram indicated? 
Lymphangiography is not an i nnocuous procedure and should be performed only when 

anatomic detail is  needed before a surgical procedure. The procedure is  tedious, t ime-consuming, 
and potential ly dangerous. The most compel l ing argument against routine use of lymphangiography 
is its lack of abil i ty to generate information that would alter the treatment strategy. 

1 8. What is the role of CT and MRI in the diagnosis of lymphedema of the lower l imb? 
CT imaging of lymphedematous compartments reveals a c lassic feature described as a honey

comb appearance. The honeycomb pattern of the subcutaneous tissues, in conjunction with the size 
of the subfascial compartment and skin layer, enables examiners to d ist inguish lymphedema from 
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venous edema and l ipoedema (obesity). CT findings in patients with lymphedema also include an in
crease in skin thickness with maintenance of a normal-sized subfascial muscle compartment. In con
trast, deep venous thrombosis causes an increase in the size of the subfascial com artment with a 
small increase in the thickness of the skin and subcutaneous compartment. The honeycomb pattern 
of the subcutaneous layer is  not seen. CT features of l ipoedema include enlargement of the subcuta
neous compartment with normal subfascial compartment and skin thickness. Like CT imaging of 
lymphedema, M R I  reveals s imi lar patterns of changes in the soft t issue compartments . Both CT and 
M R I  are useful in del ineating nodal architecture. T2-weighted MRI images provide better contrast 
and resolution between fluid and fibrotic areas and have the additional advantage of imaging tissue 
without subject ing the patient to ionizing radiation. In most centers MRI  i s  becoming the prefened 
soft tissue imaging technique. 

19. Besides CT and MRI imaging, what other noninvasive means are available for diagnosis 
of the swollen extremity? 

History and physical exam are reliable tools for the diagnosis of lymphedema. Ultrasound may 
give infonnation about the underlying vasculature as well as detect volume changes in the dermal ,  
subcutaneous, and subfascial compartments; however, i t  is not  widely used. I nterstit ial lymphan
giography with water-soluble dyes and lymphoscintigraphy with technetium-99 radiolabeled colloid 
offer relatively noninvasive examination without the problems associated with intralymphatic lym
phangiography. Lymphoscintigraphy has recent ly enjoyed increased use as a tool for ident i fying 
high-risk nodal basins in patients with potentially metastatic tumor from a primary melanoma. 

20. What is the first l ine of therapy for lymphedema? 
Conservative therapy should be attempted before any surgical procedure. The cornerstone of 

most types of conservative therapies is  elevation of the lymphedematous extremi ty. S tanding and 
even sitt ing for long periods should be strictly l im ited. Custom-fitted compression stockings and 
various mechanical-pump compression devices can assist in lymphedema control, but such devices 
should not be relied on as the sole means of therapy. 

Maintenance of skin hygiene is important because heal thy skin prevents entry of bacteria. 
Chronic dermatophytoses are treated because such infections violate the integrity of the epidermal 
barrier and may lead to repeated infect ions. Patients with recurrent cel l u l it i s  may benefit from 
chronic antibiotic therapy for suppression of infection. I n  obese patients, diet is another part of the 
treatment regimen; the lymphedema of obesity responds to s ignificant weight los . In all of these 
conservative therapies for lymphedema, patient compliance is essential to prevent treatment failure. 

21 .  What surgical options have reproducible, proven efficacy? 
No procedures have reproducible, proven efficacy in reversing the pathophys iology of the lym

phedematous process. Procedures are classically divided into physiologic procedures that attempt to 
restore normal drainage patterns and excisional procedures. 

22. What are the most common physiologic procedures? 
Physiologic procedures attempt to increase lymphatic drainage by augmentation of exist ing 

drainage channels or by add it ion of lymph vessels  from transposi t ion of smal l bowel ,  omentum, 
dermal flaps, and skin flaps. Examples include the following: 

I .  Lymphangioplasty. Lymphangioplasty attempts to create new drainage pathways in the 
subcutaneous tissue. S i lk  threads, Nylon, Teflon, and rubber tubes are among the materials that have 
been buried in the subcutaneous t issue in an attempt to wick fluid into healthy areas. The resul ts of 
such attempts are disappointing, and the procedures are compl icated by a high incidence of infection 
and extrusion of the foreign material .  

2 .  Buried dermal flaps. In this bridging procedure a dermal flap is buried in the muscle in an 
attempt to establish communication between the superfic ial and deep compartment in the extremity. 
Studies have fai led to prove a functional communication between these compartments. Flap necro
sis ,  wound infection, and dehiscence are troubling complications. 

3. Omental transposition. The transposition of omentum to an edematous area attempts to es
tablish lymph outflow through the functioning omental lymphatics. Early experience was encourag
ing, but long-term resul ts  have been disappoint ing, showing no evidence of lymphatic bridging. 
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Instead, the omentum is surrounded with a fibrous capsule. Compl ications are s imi lar to those with 
other procedures; add i t ional problems are associated with the intraabdominal harvest of omentum. 

4. Enteromesenteric bridge. Transected bowel with clenuclecl mucosa i s  transposed to an area 
of transected inguinal lymph nodes. Reports have been encouraging, but larger series from mul tiple 
centers are needed to establ ish the enteromesenteric bridge as a beneficial surgical treatment. 

5. Lymph node-venous anastomosis. Lymphat icovenous shunts are created by implanting a 
transected lymph node end-to-side into a vein .  Success in patients in the early stages of lymphede
matous disease has been reported, but results are transient and may be hindered by fibrous ingrowth 
and scar formation. 

6. Microlymphaticovenous anastomosis. Microsurgical lymphovenous anastomosis for treat
ment of lymphedema has had varied results but appears to work best when two or more anastomoses 
are performed early in patients with secondary lympheclema. 

7. Microsurgical lymphatic grafting. Lympheclema due to local blockade of the lymphatic 
system can be treated by bridging the defect with autologous lymphatic grafts. 

23. What are the most common excisional procedures? 
At present, ablative or excisional procedures that remove lymphedematous tissues seem to hold 

more promise of effective therapy for lympheclema. Although these procedures are not curative they 
offer relief of symptoms. Examples include the fol lowing: 

I .  Radical excision with skin grafting. also referred to as the Charles operat ion, entails the 
complete removal of skin, subcutaneous tissue, and deep fascia of the extremity. The muscle is then 
grafted with either split- or full-th ickness skin grafts. The procedure is associated with high morbid
ity, including ulceration, ooze, infect ion, hyperkeratosis, scar contracture, and an undesirable cos
metic result .  

2 .  Staged subcutaneous excision removes most of the subcutaneous t issues while maintaining 
viable skin flaps for coverage of the defect. The procedure is less radical than the Charles operation 
and is a reasonable therapeutic choice. 

3 .  Liposuction has offered ini t ia l  volume reduction of 8-23% in both primary and secondary 
lymphedema. Liposuction is best suited to mild cases in patients with preserved skin elasticity, but it 
i s  only a temporary solution; serial suctioning has been required. Liposuct ion also has been used as 
an adjunct to surgical excision, enabl ing larger volumes of skin and subcutaneous t issue to be re
sected during a s ingle procedure. 

CONTROV E RSY 

24. Should diuretics be part of the conservative regimen for lymphedema? 
Adjunctive use of diuretics has been recommended as part of conservative management of the 

lympheclematous extremity. Although diuretics may be beneficial particularly i n  the early course of 
the disease, the improvement i s  usually transient. Other reports c ite long-term maintenance of  the 
lympheclematous extremi ty with period ic use of d iuret ics .  One reports i nd icates freedom from 
swel l ing for up to 1 4  years with periodic use of diuretics. The controversy about di uretic use is not 
l imited to efficacy; i t  extends to the pathophysiology of the disease and potent ia l  to cause harm. 
Folcli states that diuretics "contradict the pathophysiology of the lympheclema" and may be i ndicated 
for low-protein edemas accompanied by elevated sod ium content of the body. Lympheclema, how
ever, is not clue to sodium retention but to retention of proteins and particles in the i nterstit ial space. 
Diuretic use causes removal of water from the interstit ial compartment, further concentrating the re
maining prote ins .  As a resul t  of this concentrating process, interst i t ia l  protein levels increase with 
the possible consequence of increasing fibrosis .  
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7 2 . RECON STRUCTION O F  TH E G E N ITALIA 

An thony A. Ca ldamone, M . D , a nd Leslie D .  Tacke t t ,  M . D .  

1 .  Describe the anatomy of the penis, including the fascial layers. 
The anatomy of the penis begins with three erect i le bod ies, two corpora cavernosa and the 

corpus spongiosum, which surrounds the urethra. The corpora cavernosa, which contain the major
ity of erecti le tissue, are surrounded by the tunica albuginea. The neurovascular bundle, containing 
the deep dorsal vein, dorsal artery, and paired dorsal nerves, l ies between the tunica albuginea and 
Buck's fascia, which surrounds all three corpora, fol lowed by dartos fascia and skin. 

Transverse section of the penis at the junction of its 
middle and distal thirds. The septum is  correctly il
lustrated as strands that i nterweave with the tunica 
albuginea both ventrally and dorsally. (From Jordan 
GH ,  Schlossberg SM, Devine CE: Surgery of the 
pen is  and urethra. In Walsh PC. Ret ik A B ,  Vaughn 
ED, Wein  AJ (eels): Campbe l l "s Urology, 7th ed. 
Philadelphia, W.B. Saunders, 1 998. with petmission.) 

2. Name the origin and branches of the common penile artery. 
The common penile artery is a branch of the internal pudenda! artery. I ts branches are the bul

bourethral artery, dorsal artery, and cavernosal artery. The branches of the dorsal anery include the 
circumflex branches, which contribute to the blood supply of the urethra, and the tem1inal branches, 
which supply the glans. 

3. What is the role of testosterone in  genital development? 
The enlargement of the genital t ubercle and subsequent elongation of the phal lus  and develop

ing urethra depend on the presence of testosterone. After conversion to dihydrotestosterone by the 
5-alpha reductase enzyme, testosterone is responsible for virilization of the external genitalia. 

4. Describe the common features of hypospadias. 
1 .  Dystopic urethral meatus in a ventral position on the penis, scrotum, or perineum 
2. Urethral plate distal to the dystopic meatus 
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3 .  Dorsally hooded foreskin (97-98%) 
4. Ventral chordee (more than 50% of cases) 

5. Where is the most common location of the meatus in hypospadias? The least common? 
Anterior meatus (glanular, subcoronal, distal peni le shaft) 65% 
Medial meatus (midshaft) 1 5% 
Posterior meatus (posterior peni le shaft, penoscrotal , scrotal, perinea!) 20% 

6. Name the goals and components of hypospadias repair. 
1 .  Straightening of the pen i le shaft (orthoplasty) 
2. Creation of an adequate cal iber urethra ( urethroplasty) 

377  

3.  Reposit ioning of the  urethral meatus to  the t ip  of the  pen is  and creation of  a symmetric glans 
(meatoplasty and glanuloplasty) 

4. Achieving a good cosmet ic  result  (sk in coverage and scrotoplasty) with normal ization of 
voiding and erect ion 

7. How does one perform an artificial erection'? 
A tourniquet is p laced at the base of the penis .  Steri le i njectable sal i ne i s  i njected in to  one 

corpus cavernosum, e i ther at the base of the penis or via the glans. 

8. What are the causes of chordee? 
Congenital causes 
Fibrosis of the corpus spongiosum 
Skin tethering to the corpus spongiosum 
Deficiency of Buck's fascia or corpora cavernosa 
Hypoplastic urethra 
D i fferential corporal growth 

Acquired causes 
Peyronie's disease 
Peri urethral fibrosis associated with 

stricture disease 

9. What are the two most common complications of a hypospadias repair? 
U rethrocutaneous fistu la  and urethral stricture compl icate approx imately 1 0- 1 5% of all hy

pospadias repairs. 

10. Should one look for other congenital anomalies in a patient with hypospadias? 
The most common anomalies associated with hypospad ias are cryptorchid ism and ingu ina l  

herni a; the  incidence of each i s  approximately 9%. Anomalies of the upper urinary tract are i n fre
quent unless other organ system anomalies, such as myelomeningocele or imperforate anus, are pre
sent. Therefore, routine screening of the upper urinary tract is not indicated in patients w ith isolated 
hypospadias or hypospadias associated with undescended testes or inguinal hernia. 

1 1 .  What are the classic features of the exstrophy/epispadias complex? 
• Divergent recrus with exposed bladder plate 
• Low umbil icus 
• Widening of the symphysis pubis 
• Anteriorly d isplaced anus 
• Short penis wi th divergent corpora, dorsal chordee, and dorsally displaced meatus (epispadias) 
• Short urethra 
• Short vagina with stenotic anteriorly displaced orifice 
• B ifid cl i toris and divergent labia, mons pubis, and c l i toris 

12. How does exstrophy occur? 
Exstrophy results from fai lure of the cloaca! membrane to rupture, which prevents medial mes

enchymal i ngrowth. Therefore, proper development of the lower abdominal wall i s  impeded. 

13. State the goals of exstrophy reconstruction. 
• Abdominal wall closure 
• Bladder closure with adequate capacity 
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• Achievement of urinary continence 
• Preservat ion of renal function 
• Functional and cosmetic genital reconstruction 

1 4. What is the most common cause of ambiguous genitalia? What is the most common 
enzyme abnormality? 

Congenital adrenal hyperplasia is the most common cause of ambiguous genitalia; deficiency of 
2 1 -hydroxylase is the most common enzyme abnormality. 

15. List the categories of ambiguous genitalia. 
I .  Female pseudohermaphroditism. Affected chi ldren have a 46XX chrom soma! pattern 

and ovaries. Congenital adrenal hyperplasia i s  the most common diagnosis. 
2 .  Male pseudohermaphroditism. Affected chi ldren have a 46XY karyotype and test icular 

t issue. Defects in androgen synthesis, response to androgens, and failure of mi.illerian regression are 
among the many causes of incomplete v iri l ization. 

3 .  True hermaphrodite. The most common karyotype in affected chi ldren i 46XX, but the 
46XY or mosaic karyotype i s  also found. Both ovarian and testicular t issue are present. 

4. Mixed gonadal dysgenesis. Most affected chi ldren have a 46XY /45XO karyotype with a 
test is on one side and a dysgenetic or streak gonad on the other. The internal structures are variable. 

5. Pure gonadal dysgenesis. Affected chi ldren,  who may have a 45XO, 46XX, or 46XY 
karyotype, do not usual ly present with ambiguous gen i ta l ia  but rather w i th delayed puberty in 
adolescence or adu l thood. B i l ateral streak gonads and mi.i l lerian ductal structures are present .  
Because of  h igh mal ignant potent ia l ,  early b i lateral gonadectomy i s  recommended for patients 
with 46XY karyotype. 

16. Describe the considerations that contribute to gender assignment. 
A mul t id i sc ip l inary approach i s  paramount to successful d iagnos is ,  management,  counsel

ing,  and gender assignment .  Functional anatom ic potent ia l ,  inc l uding considerat ion of  phal lus  
s ize, p lays a major role i n  gender assignment. Less consideration i s  given to  potent ia l  fert i l i ty and 
karyotype. 

1 7. What are the anatomic divisions of the urethra"? 
The posterior urethra is the portion proximal to the bulb and includes the pr tatic and mem

branous urethra. 
The anterior urethra l ies distal to entry into the bulb and includes the bulbar. pen i le ,  or pendu

lous urethra and fossa navicularis. The anterior urethra is contained within the corpus spongiosum. 

18. Name three causes of urethral stricture disease. 
I .  Trauma or crush injury 
2. Instrumentation such as Foley catheterization or cystourethroscopy 
3. Infection (most l ikely gonorrhea) 

1 9. What studies are involved in the preoperative evaluation of urethral stricture? 
As always, one must begin with a h istory and physical exam. The presence of a stricture i s  sug

gested by voiding symptoms such as decreased force of stream, urinary frequency, nocturia, and 
dysuria. Physical exam may reveal the inab i l i ty to pass a catheter. Urinalysis and culture should be 
performed to rule out infection. The stricture must be characterized radiographic ly using a retro
grade urethrogram, voiding cystourethrogram, or both. U l trasound helps to characteri ze the length, 
depth, and dens ity of the stricture. Urethroscopy provides i n formation about the elast ic i ty of  the 
stricture. 

20. What tissues are available for reconstruction of the urethra? 
I .  Preputial ,  pen i le shaft, or scrotal skin 
2. Free graft of buccal or bladder mucosa 
3 .  Free graft of extragenital skin 
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21 .  Who was Peyronie? 
Fra111;:ois de la  Peyronie was a French barber surgeon who commanded the surgical corps for 

King Louis XIV. Although descriptions of s imi lar pen i le deformi ties can be found in ancient Roman 
l iterature, Peyronie described the disease that bears his name in a patient who "had rosary beads of 
scar t issue causing an upward curvature of the penis during erection." 

22. What is the cause of Peyronie's disease? What is the most commonly associated physical 
finding other than penile curvature? 

The exact cause of Peyron ie 's d isease i s  el usive. The most commonly held bel ie f  i s  that the 
p laque i s  the end resu l t  of an i n flammatory response to trauma to the erect pen i s .  Beta-blocking 
agents also have been associated with the development of plaques. Dupuytren 's contracture occurs 
in approximately I 0-30% of patients with Peyronie's disease. 

23. If a patient presents with significant penile curvature, what are the important considera
tions for recommending treatment? 

The goal of treatment in Peyronie's disease i s  to preserve or restore sexual function. Important 
considerations in the treatment incl ude concomitant erecti le dysfunction, penile pain, duration and 
stabi l ity of curvature, and patient satisfaction with sexual function. Treatment should begin wi th v it
amin E unt i l  the plaque has matured or the degree of curvature is stable. 

24. What materials or tissues have been used in plaque incision or excision and grafting? 
Dermis Dacron Dura 
Tunica vaginal is Dexon Vein 

25. What additional procedure should be considered in patients with erectile dysfunction and 
Peyronie's disease? 

In patients with erect i le dysfunction in addition to peni le curvature, one should consider p lace
ment of a pen i le prosthesis at the t ime of repair of the curvature. Placement of a prosthesis in pa
tients without erect i le dysfunction is controversial .  

26. After exploration to determine the extent of the injury, how should one manage a deglov
ing injury to the penis? 

Currently, most degloving injuries to the penis and scrotum are managed wi th immediate recon
struction using spl i t-thickness skin grafting. A sheet graft is used on the penis, and a meshed graft re
produces a rugated appearance on the scrotum. Another option is to bury the pen is  in a subcutaneous 
abdominal pouch and the testes in thigh pouches for delayed reconstruction. 

27. Describe the most common technique for penile reconstruction and phallic construction. 
In the past, phal l i c  reconstruction was performed using tubed abdominal flaps in mult is taged 

procedures. Chang and Hwang popularized the use of radia l  forearm flaps in 1 984. Al though the 
technique has undergone many modifications since i ts origi nal description, the use of the forearm 
flap remains the standard. Penile rigidity is achieved by the use of an external device or an implanted 
prosthesis .  Prosthesis implantation is delayed at least I year from reconstruction to ensure urethral 
patency and durab i l i ty as wel l  as viabil i ty of the forearm flap. 

28. What are the options for construction of a vagina? 
I .  Bowel (sigmoid colon most commonly) 
2 .  Flaps (pudendal-thigh flap) 
3. Spl i t-thickness skin graft or full-thickness skin graft (with or without t issue expanders) 
4. Amnion 
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7 3 .  T H E RMAL B U R N S  

Karen E .  Frye, M D ,  FAC.S , a nd Arnold Lu terman ,  M D ,  FAC.S , F. R C . S  ( C )  

1 .  List three functions o f  the skin that are lost when thermal injury occurs. What are the 
consequences? 

1 .  Skin (the largest organ of the body) is a barrier to heat loss. In cases of acute burn, care m ust 
be taken to keep the patient warm and avoid hypothermia. 

2. Skin is a barrier to evaporative losses. Free water losses frequently need replacement in pa
tients with major burn injury. 

3. Skin is a barrier to microbial invasion. Thus, the burn patient is highly susceptible to infection. 

2. What is the incidence of burn injury in the United States'? 
Over a mil l ion burn injuries occur annually in the United States, of which approximately l 00.000 

require admission to a specialized burn center. Each year 1 2,000- 1 5 ,000 people die of burn injuries. 

3. What are the criteria for referring a patient to a specialized burn center? 
1 .  Inhalation injury 
2. B urn size > 1 0% total body surface area (TBSA) in patients < l O  years old or > 50 years old 
3 .  Burn size > 20% TBSA in any patient 
4. Ful l-thickness burns involving > 5% TBSA 
5 .  Burn wound involvement of the face, hands, feet ,  perineum, or genital ia 
6. Associated trauma 
7 .  Co morbid states 
8 .  Special social situations (e.g., child abuse) 

4. What are the immediate concerns about the airway of patients with thermal injury? 
The airway must be assessed immediately. If the patient has suffered a burn to the upper airway, 

intubation is necessary to prevent upper airway obstruction due to edema. The ai rway is assessed 
most accurately  by nasopharyngoscopy. If the exam is performed immediately  after i nju ry (0-4 

hours) and is normal, it may need to be repeated 6 hours later. Edema may not manifest itself unt i l  
6-8 hours after injury. Edema should reach a maximum by 24 hours after injury. 

5. What three factors suggest an inhalation injury? 
History of the fire occurring in an enclosed space, production of carbonaceous sputum, and ele

vated carboxyhemoglobin level (COHB > 1 0%) .  If all three factors are present, it is highly l ikely 
that the patient has suffered an inhalation injury. 

6. What diagnostic measures can be used to confirm inhalation injury? 
Fiberoptic bronchoscopy may be performed at the bedside. Examination of the lower airway 

may reveal deposition of carbonaceous particles as well as mucosa.I edema. If the ex.am is clone soon 
after inju ry or if the patient has not been adequately resuscitated, edema may not be evident .  
Regardless of the findings on bronchoscopy, cl inical management of the inhalation injury is initially 
based on adequate oxygenation and ventilation. A xenon ventilation-perfusion lung can is the most 
definit ive study for diagnosis of inhalation injury, but it is t ime-consuming and requires transport of 
the patient to the radiology department. 

7. What are the concerns in transporting a burn victim from a community hospital to a spe
cialized burn center? 

The airway must be adequate. If there is any question that the airway may obstruct, the pat ient 
should be intubated, preferably via the enclotracheal route. Fluid resuscitation should be i n  progress 
using the Parkland formula .  The patient must be kept warm. Avoid wet dressings,  wh ich tend to 
make the patient hypothermic .  The simplest strategy is to wrap the patient in a dry, terile sheet. 
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8. How is inhalation injury managed acutely'? 
The patient must be adequately venti lated and oxygenated. Mechanical venti lation may be re

quired; 1 00% oxygen should be administered to enhance the off-loading of carbon monoxide from 
hemoglobin. The half- l i fe of carbon monoxide on room air is 4-5 hours; on 1 00% oxygen i t  is re
duced to approximately 45 minutes. The patient should be maintained on I 00% oxygen unti l  the car
boxyhemoglobin level is < 1 0%.  

9 .  When are prophylactic antibiotics and/or steroids indicated for inhalation inj ury? 
Never. Prophylactic antibiotics for an inhalation injury do not prevent post inhalation pulmonary 

infectious compl ications; they only select resistant organisms. Thus, once a pulmonary infection de
velops, it is more d ifficul t  to treat. Steroids should not be used in inhalation injury. They are of no 
benefit and increase mortality threefold. 

10. Describe the resuscitation of thermally injured patients. 
Burn wounds involving greater than 20% TBSA typically mount a systemic innammatory response 

with resultant capi l lary leak. Fluid requirements are estimated i n it ial ly with the Parkland formula: 

Flu ids for first 24 hr = 4 cc x patient weight in kg x % TBSA burned 

One-half of the fluid is given over the first 8 hours after injury. The second half is given over the 
remaining 1 6  hours. The Parkland formula is only an estimate. Some patients require more than the 
predicted amount of fluid, and some require less. The patient must be cont inually monitored by re
peatedly evaluat i ng heart rate, blood pressure, urine output, and acid-base status. Fluids need to be 
adjusted accordingly. 

1 1 . Describe the initial resuscitation of a child with burn injuries. 
Fluid requirements in chi ldren are estimated with the Parkland formula, as in adults. ln addit ion, 

because of a larger body surface area-to-weight ratio, pediatric patients also require additional main
tenance fl u ids, usually administered as D5- l /4NS. In  addition to this solution, some carbohydrate is 
also provided. Because glycogen stores are minimal i n  young chi ldren, hypoglycemia is a potential 
problem unless exogenous carbohydrate is provided. 

12. How is the size of the burn estimated'? 
The most accurate method is the Lund and Browder chart, which al lows for d ifferences in vari

ous age groups. The rule of n ines is a s impler method but less accurate: 
Head and neck = 9% TBSA Posterior torso = 1 8% TBSA 
Each upper extremity = 9% TBSA 
Anterior torso = 1 8% TBSA 

Each lower extremity = 1 8% TBSA 
Perineum = l % TBSA 

For small or scattered burns, a helpful ru le is that one patient palm s ize i s  approximately 1 % 
TBSA. 

13. How is the depth of the wound classified? 
H istorical ly, wound depth has been classified as first, second, or th i rd degree. A first-degree 

wound i nvolves only the epiderm is.  The classic example is sunburn. A second-degree wound in
volves the epiderm i s  and dermis  but does not extend al l the way through the dermi s .  Second
degree wounds are c lass i fied as superficial  part ial or superfic ia l  dermal vs .  deep part ia l  or deep 
dermal i njuries. S uperficial  part ial  wounds usually heal spontaneously with in 3 weeks. Deep par
t ial wounds usually take longer than 3 weeks to close spontaneously. A th ird-degree burn is  a ful l 
th i ckness i njury that i nvolves the en t i re epidermis and dermi s .  The c lass ic  finding on physical 
exam is  thrombosed vessels .  

14.  Describe the three zones of a burn wound. 
The central area i s  the zone of coagulat ion or i schemia and consists of nonv iable t issue. 

Surrounding the zone of coagulation is the zone of stasis or edema, which in i t ial ly is v iable but has 
decreased blood flow. With hypoperfusion and underresuscitation, the zone of stasis may become 
part of the zone of coagu lation. The outermost area is the zone of hyperemia, which manifests an in
flammatory response to the burn wound with increased blood now. 
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15. Describe the management of burn wounds involving the extremities. 
Any l imb with a burn wound requires elevation acutely to minimize edema formation. If wounds 

are c ircumferential or nearly c ircumferential, pulses need to be assessed hourly. Doppler ultrasound 
may be required for accurate assessment, because palpation of pulses is  d ifficult  in the edematous 
l imb. In the upper extremity, the palmar arch pulse, radial pulse, and ulnar pulse should be evaluated. 
In the lower extremity, the dorsal pedal and posterior t ibial pulses should be checked. If a pulse pre
viously detectable by Doppler exam is lost, escharotomies must be perfonned. The obvious excep
t ion is the patient who is not adequately resuscitated (as mani fested by a decreased blood pressure, 
inadequate urine output, and poor perfusion in an uninvolved l imb). 

16. Why is pain control important in burn patients? 
Pain causes a rise in heart rate, blood pressure, and metabolic rate. With adequate pain control, 

the patient is  less hypermetabolic, and heart rate and blood pressure are better control led. Inadequate 
pain control also results in an i ncreased incidence of posttraumatic stress disorder during recovery 
and rehabi l itat ion. 

1 7. What is burn wound anemia? 
A pat ient with a s ignificant thermal injury frequently manifests anemia unt i l  the wounds are 

c losed. Anemia resul ts from the shortened half- l i fe of red blood cells in burn patients (40 days vs. 
normal half- l i fe of 1 20 days). If blood i s  taken from a burned v ictim and transfused into an unburned 
person, the half- l i fe of the red blood cel l s  returns to 1 20 clays. 

18. What is the in itial management of the burn wound? 
In i t ially the wound is treated with a topical antimicrobial agent. The most frequently used agent 

is  s i lver sulfadiazine (S i lvadene, Thermazine, SSD).  Other available agents include betadine, s ilver 
n itrate, and mafenide acetate (Sulfamylon). Mafenide acetate is  the only agent that actual ly pene
trates the burn eschar, but i t  has two disadvantages: i t  i s  painfu l  and it is  a carbonic anhydrase in
h ib i tor. Therefore, its use over an area of s ignificant size may cause metabol ic  acidosis .  Ears are 
typically t reated with mafenide acetate. It also may be useful in burn wounds with associated cel lu l i
t is .  Typical ly, wound care is performed I or 2 t imes/day. 

19. What is meant by tangential excision and fascia! excision? 
Tangential excision refers to a technique used to remove the burn eschar. Basically, the eschar 

i s  removed tangent ia l ly in layers unt i l  al l of the necrotic t issue has been exci sed and a bleeding, 
viable wound bed is present. 

Fascia! excision removes the skin and entire subcutaneous layer down to the fascia. It is  usually 
reserved for very deep burn wounds or burn wounds in elderly patients. 

20. How and when is a skin graft done? 
The first step in grafting a burn wound involves preparation of the recipient s i te with tangential or 

fascia! excision of the eschar. Once a v iable bed is present, a spl it-thickness graft is  harvested from a 
donor site. The skin graft is usually secured to the recipient site with sutures or staples. This  procedure, 
referred to as excision and grafting, is indicated for any deep paitial or ful l-thickne s burn wound and 
should be performed at the eai·l iest convenient time once the patient has been adequately resuscitated 
and is stable from a hemodynamic and respiratory standpoint .  Indeterminate woun s should be ob
served init ially. Once it becomes evident that spontaneous closure wi l l  take longer than 3 week , exci
s ion and grafting should be performed. Wound closure should be accomplished by day 2 l after the 
burn to avoid contracture ai1d scarring and thereby offer optimal functional and cosmetic results. 

21. What are the reasons for graft fai lure? 
• Inadequate vasculai· perfusion 
• Infection 
• Accumulation of fluid under the graft 
• Residual eschar (necrotic tissue) on the graft bed 
• Mechanical shear forces 
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22. What is a meshed graft vs. a sheet graft? 
In a meshed graft holes are created to prevent accumulation of flu id or blood under the graft. 

Depending on the s ize of the mesh, a skin graft can be s tretched to cover an area s ign ificant ly 
larger than the or ig inal  donor s i te .  Because sheet grafts have no holes, the r isk of hematoma forma
tion or fl u id accumulation under the graft is i ncreased. S heet grafts are preferred from a cosmetic 
standpoint. .  

23. What is Integra artificial skin? When should it be used? 
I ntegra art i fi c i al sk in  i s  a matrix of glycosaminoglycan and col lagen. It provides a scaffold 

whereby the body's fibroblasts can lay down collagen in an organized fashion. Thus,  a neodennis is 
formed rather than scar t issue. A sheet of s i lastic covers the artificial skin, providing barrier function. 
The burn wound m ust be excised early. The artificial skin i s  laid in place and secured w ith staples. A 
neodennis  is al lowed to form; then the si lastic is removed and a thin skin graft (0.004 i nches) is used 
to close the wound. With such a th in  graft, l ittle denn is i s  transferred. Thus, donor si tes can be used 
numerous t imes. The indications for artificial skin are large burn i nj uries and the need to l im i t  the 
size of the donor site (e.g., in patients with an associated inhalation i njury or geriatric patients). 

24. Discuss the use of temporary wound dressings. 
Temporary wound dressings or barrier dressings are useful when. the wound is free of necrotic 

t issue and infection . The classic biologic barrier dressings have been al lograft (cadaver sk in)  and 
xenograft (pigskin) .  

Allograft is considered by most experts to be the best temporary dressing; i t  provides good vas
cularization of the wound bed. A major d isadvantage to its use is cost. Recent concerns i nvolve 
transmission of v i ral i nfections. A l lograft usual ly lasts about 2-3 weeks. 

Xenograft is less expensive but does not last as long as al lograft or provide vascularization of 
the wound bed. 

Various synthetic wound dressings are currently available. Biobrane, one of the older synthetic 
barrier dressings, i s  a b i  laminar material with an outer layer composed of s i l icone and Nylon fabric 
and an inner layer of col lagen. Other col lagen-based dressings are also ava i lable .  Some hydrogel 
dressings are 80% water and provide a moist environment to promote migration of epithelial cel ls .  
They also provide a wonderful env ironment i n  which bacteria can grow i f  the wound is i n fected. 
Obviously the perfect temporary wound dressing has not been found, and new products are continu
al ly marketed. 

25. How are thermal injuries to the perineum and genitalia managed? 
Good local wound care is the mainstay for wounds of the perineum and genital ia. Because th is 

area has an exce l lent blood supply, most wounds heal spontaneously. Excision and grafting to the 
perineum and/or gen ital ia are technically difficult .  For these reasons, wounds of the perineum and 
genital ia usual ly should not be managed with early excision and graft ing.  If after 3-4 weeks a red 
granulat ing wound results, skin graft ing can be performed. Catheterization is not i ndicated for burns 
of the perineum or geni ta l ia un less it i s  needed to monitor fluid status .  

BI BLIOGRAPHY 

I .  Boswick JA (eel): The Art  and Science of Burn Care. Rockvi l le, MD, Aspen Publishers, 1 987. 
2 .  Goodwin CW, Finkelstein JL, Madden MR: Burns. In  Schwartz SI, Shires GT, Spencer FC (eds): Principles 

of Surgery. 6th ed. New York, McGraw-Hi l l ,  1 994. 
3.  Herndon ON (eel): Total Burn Care. Phi lacle lphia, W.B .  Saunders, 1 996. 
4. Hunt JL, Purdue G,  Rohrich RJ: B urns: Acute burns, burn surgery, and post-burn reconstruction. Sel Read 

Plast Surg 7( 1 2) :  1 -4 1 ,  1 994. 
5. Pru i tt BA, Goodwin CW, Prui t t  SK :  Burns.  In  Sabiston DC, Lyerly HK (eds): Textbook of S urgery: The 

Biological Basis of Modern Surgical Practice, 1 5th ed. Philadelphia, W. B. Saunders, 1 997. 



7 4 .  E LECTRICAL I N J U RI E S  
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1 .  What i s  a n  electrical injury? 
Lee and Astumian defined electrical i njury as t issue injury result ing from exposure to supra

physiologic electric currents or forces. 

2. How common are electrical injuries in the United States? 
Deaths from electrical i nju ries typical ly number 0.5 per I 00,000 populat ion per year in the 

United States. In 1 994 the Uni ted States suffered 84 deaths clue to l ightning strikes and 56 1 deaths 
due to electrical exposures not related to l ightning. 

3. What are the mechanisms for electrical injury? 
The pathomechanics of tissue damage in  electrical injury are complex. However, two mechanisms 

predominate: ( I )  current-generated heating with resulting thermal burn and (2) direct electric force de
naturation of cell membrane protein and l ipids. Passage of electrical current through a solid body re
sults in conversion of electTic energy to heat, a phenomenon called Joule heating. The heat production 
(Q) is proportional to the square of the current (I), tissue resistance (R). and time of contact (t): 

Q IX I2Rt 

The d irect effects of  the electrical forces on the cell membrane may lead to the creat ion of  l arge 
pores, a process referred to as electroporat ion.  These pores may lead to ion leakage, escape of  
metabol i tes, and pathologic membrane permeabi l ity to macromolecules as large as  DNA. Electrical 
forces also may lead to the denaturation of membrane proteins. 

4. Why is the term electrical burn imprecise? 
The use of the term burn impl ies that the mechanism for t i ssue i njury is ent i re ly  thermal in 

origin .  However, electrical i njuries arise from both thermal and nonthermal mechanisms. 

5. To what does the term entrance and exit points refer? 
This somewhat archaic term arises from the concept that a direct current travels from a s i te of 

higher potential (voltage) to a site of lower potential, with the intervening human body serv ing as a 
conductor. The portion of the patient in contact with the h igher voltage is considered the entrance 
s i te ,  whereas the s i te of lower potential is the exil site. Alternati ng current is characterized by a re
versal of the d i rection of current flow with each half cycle of the frequency of the power source. 
Therefore, in most circumstances no part icular anatomic contact point is the entrance or exit point. It 
i s  more precise to refer to the patient's points of contact with the sites of higher and lower potential . 

6. What is the voltage of typical wall outlets in the home? 
Wal l outlets in  American homes are characterized by an alternating current ( AC) of 60 Hz (or 60 

cycles per second) and a l i ne-to- l i ne voltage of 1 1 0 or 1 20 volts (V) for general use. In addit ion,  
most homes have a l i ne-to-l ine voltage of 240 V for high-power appliances. 

7. How can you calculate the current to which a victim may be exposed during an electrical 
injury? 

The current that is involved in an accident may be calculated by using the known voltage from 
the outlet and estimating the resistance offered by the body, the contact, and the ground. These para
meters often are not known because of the use of various types of c lothing and protective gear. The 
resistance offered by the t i ssues of the human body, excluding resistance at the inte1face between the 
skin and the voltage source, is approximately 500- 1 000 ohms between the two hands, between the 
two feet, or between a hand and a foot. Thus the maximal current that a person can experience whi le 
grounding a home electrical outlet is as fo llows: 
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1 = V/R or 
1 = 1 20 V/500 ohms = 0.24 A 

The actual current that the person experiences is probably much less because of the addit ional resis
tance between the skin and the contacts. 

8. What is the minimal voltage necessary for soft tissue injury? 
The type of current, i ts frequency, and its magnitude determ ine the body's response to the injury. 

For a person to experience ventricular fibri l lat ion after contact with a vol tage source, for i nstance, 
the necessary magnitude of a l ternat ing current i s  measurably less than that required from a d i rect 
current source. L ikewise, a I -kHz source requ i res a higher current than a 60-Hz  source to produce 
ventr icular fibri l l at ion .  A 60-Hz  current . typical of wal l outlets, with a magnitude of 0.5 mA pro
duces a startle response. Current greater than I 0 mA through the forearm may not a l low the v ictim 
to release h is  or her grip on the contact. This phenomenon is referred to as the "let-go

,. threshold and 
i s  l i kely due to e lectrical st imulat ion of the dominant forearm flexors. Exposure to a current of 50 
mA for longer than 2 seconds may induce ventricular fibri l lat ion. whereas a 1 -A current can induce 
immediate asystole as wel l as lysis of skeletal muscle and nerve. 

9. What are the common modes of exposure to damaging electrical fields? 
Vict ims ex perience electrical  i nj u ry when e lectrical contact is esta b l i shed with an e lectr ical  

power source. Arcs and flames are good electrical conductors and often mediate the contact under 
high-vol tage cond itions. Thermal and thermoacoust ic blast injury clue to heat from the electrical arc 
also may cause injury. Electrical contact wi th the vol tage source contributes to Joule heating, elec
troporat ion,  and prote in  clenaturat ion .  Thermal injury from an electr ical fl ash commonly occurs 
when the v ic t im i s  in prox imi ty  to an electrical arc. The temperature of an e lectrical arc can ap
proach 5000° C. Heat from the arc may cause a thermal injury. Pat ients may describe bei ng some 
distance from the s i te of the electrical disturbance. On exam, they may not have ident i fiable contact 
points. Instead they may demonstrate partial- to ful l -th ickness thermal burns s imi lar in character to 
nonelectrical burns. Secondary injuries from the e lectrical exposure i nclude fal l s  from elevated high
tension wires and tetanic contractions from the current leading to cervical or long bone fractures. 

10. How are electrical injuries classified'? 
Cl in ic ians div ide electrical injuries into high- and low-tension inj uries based on the voltage at 

the point of contact. H igh-voltage e lectrical inj uries arise from contact with sources greater than 
!000 V, whereas low-voltage e lectrical injuries arise from contact with voltages less than I 000 V. 

The c l i n ical  classification of high- and low-tension injuries is dist inct from an electrical u t i l ity 
industry classification for power l ines. Clinical ly, high-voltage shock d iffers from low-voltage shock 
in  that arc-mediated electrical current flow may precede mechanical contact under high-vol tage con
di t ions. The vol tages del ivered by three-phase power l i nes are categorized as low, medium, high, ex
trahigh, and u l trahigh. Low voltages are less than 600 V, and medium voltages range from 2400 V to 
69 kV. H igh voltages range from I 1 5-230 kV and extrahigh vol tages from 345-765 kV. Ultrah igh 
vol tages are above I .  I MY. The most common injuries from ut i l i ty l ines involve medium-range volt
ages because of their prevalence among transmission l ines. Using this scheme, note that a medium
l ine vol tage may cause a high-vol tage injury. 

1 1. What additional aspects of the history of electrical exposure must be explored? 
Determ ine the type of contact and the length of t ime that the patient had contact with the voltage 

source. Determ ine whether the patient experienced mechanical contact with the current source. made 
electrical contact with an arc, or su ffered flash burns. I f  the patient had d i rect contact with the volt
age source, ident ify the involved portions of the patient's anatomy and the duration of the contact. 

12. What laboratory studies are appropriate at the time of admission? 
Blood gases and serum electrolytes, particularly potassium concentrat ion,  are important to mea

sure immediate ly to guide therapy. If h igh serum potassium and acidosis suggest extensive m uscle 
necrosis, surgical clebridement is  l ikely to be needed as soon as feas ible. Elevation of serum creati
n ine and creatine phosphokinase also suggest massive t i ssue destruction. Urine myoglobin content is 
more qual i tative. 
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13. What are the findings of compartment syndrome in the extremities? When is treatment 
appropriate? 

In v ictims of electrical shock the usual symptoms and signs of compartment syndrome are not 
reliable because sensory and motor nerve injuries resulting from the electrical shock can be indistin
guishable from the c l inical manifestations of muscle and nerve ischemia. Pal patio of the injured 
compm1ment for tenseness is  also unreliable because few practi tioners have enough personal experi
ence. Arterial pulses are usually intact. When suspected, the diagnosis must be confirmed by directly 
measuring the compartment pressure. 

Recommendations vary with regard to the appropriate compartment pressure at which to per
form a fasciotomy. Whitesides advocates fasciotomy when the compartment pressure rises to within 
1 0-30 mmHg of the pat ient's diastolic pressure. Matsen, however, recommends fasciotomy when 
the compartment pressure exceeds 45 mmHg. 

14. What is the role of magnetic resonance imaging (MRI )  in  the identification of compro
mised, electrically injured tissue? 

MRI with new open architecture magnetics provides rapid and detailed information about the 
anatomic sites and severity of injury. In addition, technetium-99 pyrophosphate and sim i lar radionu
c l ide scans have been noted to distinguish between uninjured and injured muscle with high speci
ficity and sensi t iv ity after electrical contact. However, in major electrical trauma e rad ionuclide 
scans require too much time to provide information to aid cl inical surgical interventions and have 
not been found to reduce hospital stay or decrease the number of operative procedures. 

15. How are fluid requirements calculated in electrical injury resuscitation? 
Maintenance of an appropriate intravascular volume can be challenging in major electrical in

juries. A high degree of tissue destruction may not be reflected by a l im ited, d iscrete cutaneous burn. 
The adequacy of resuscitation must be confirmed by noting adequate renal profusion. When manni
tol is used to enhance diuresis in the face of myoglobinuria, urine output cannot be used as a reliable 
indicator of renal perfusion. In such situations, the central venous pressure (CVP) or pulmonary cap
i l lm·y wedge pressure (PCWP) should be monitored with an intravenous catheter. 

16. What is the significance of myoglobinuria? 
Myoglobinuria in the face of electrical injury is indicative of rhabdomyolysi and, if left un

treated, is associated with intratubular deposition of pigments, which leads to acute renal fai lure. 

17. How are hemoglobinuria and myoglobinuria diagnosed and treated? 
The urine characteristically becomes dark reel or burgundy. The patient should undergo a forced 

diuresis,  and urine should be alkal ized to maintain solubil ity of the pigments. This is best accom
pl ished by adding sodium bicarbonate, 88- 1 32 mEq/L of IV infusate. Urine output can be main
tained through the administration of mannitol, 25-37 gm IV, or furosemicle, 40 mg I V  

1 8. During a lightning storm, what is the  safest location to  avoid l ightning injuries? 
Victims of l ightning strikes either are struck directly by the l ightning or receive the s icleflash. 

The sicleflash is a discharge from the primary target through the air or ground to another object. A 
victim standing beneath a tree during a thunderstorm may receive a sideflash v ia the tree. The safest 
place to stay during a l ightning storm, therefore, is in a protected shelter with gr uncled metal fix
tures, such as plumbing, which provide a safe path for the l ightning to reach ground. Al ternatively, 
remaining in a c losed automobile is  safe because the person cannot easi ly serve as a condui t  to 
ground. However, standing next to the automobile leaves one vulnerable to sicleflash. 

19. Can victims of electrical injury develop delayed neurologic sequelae? 
Yes. In a recent study of 90 patients suffering from electrical trauma, l l developed late neuro

logic symptoms, including muscle weakness, sensory deficit, paresthesia, and new pain complaints. 

20. What advice should you give to the parents of a child with an electrical injury of the oral 
commissure? 

Electrical bums of the oral commissure in chi ldren typically result when the cllilcl bites clown on 
a live household electrical cord. Tissue loss ranges from superficial ulceration to full -th ickness losses 
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of the l ips and cheek. In the second and third weeks after the injury, sloughing of devitalized tissue 
may be accompanied by bleeding from the labial artery. Parents can control this hemorrhage through 
finger compression of the commissure. They should be advised of this possibility at the time of injury. 
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7 5 .  C H EM ICAL I N J U RI E S  

Shalin i  Gupta , M D 

1 .  What are the major categories of agents that cause chemical injuries? 
Chemical injuries can be categorized into four groups:  acid burns, a lkal i  burns, phosphorus 

burns, and chemical injection injuries. Mechanisms of injury and methods of treatment differ among 
the four groups, although some similarities are present. More than 25 ,000 products that cause seri
ous chemical injuries are available for use in the home, agriculture, and industry. 

2. Which body surfaces are most commonly involved? 
Because most i njuries are incurred during handl ing of  chemical substances, hand and upper 

l imbs are affected most often. However, splash injuries may involve mult iple areas, especial ly un
covered regions such as the face and lower extremities. 
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3. How are chemical injuries d ifferent from thermal burn injuries? 
Chemical burns do not actually "burn" like thermal injuries. I nstead, the chemical solution co

agulates the t issue protein ,  causing necrosis. The major difference between thermal and chemical 
burns is the length of time of destruction. Thermal burn injuries are momentary, whereas chemical 
injuries continue to cause damage unti l the offending agent is ent ire ly removed or neutra l ized. 
Furthennore, chemical injuries may result in severe systemic toxicity. 

4. What is the mechanism of injury of chemical burns? 
Acid burns cause coagulation necrosis, whereas alkal ines cause saponification f I lowed by l ique

faction necrosis. Alkal ines in general penetrate much deeper and caiTy a greater risk of severe systemic 
toxicity. Desiccant acids cause exothennic reactions, which result in thermal injuries as wel l  as chemi
cal trauma. 

AGENT 

Oxidizing agents 
Chromic acid 
Potassium 

permanganate 
Sodium hypo

chlorite 

Corrosive agents 
Phenol 

Phosphorus 
(white) 

Sodium metal, lye 
KOH, NaOH, 
NH40H. LiOH, 
Ba2(0H)3. 
Ca(Ol-1)3 

Protoplasmic poisons 
Salt formers (acids) 

Tungstic, p icric,  
sulfasalicylic, 
Jannie, cresyl ic ,  
acetate, formic, 
trichloroacetic 

COMMON USE 

Metal cleansing 
Bleach, deodorizer, 

disinfectant 
Bleach. deodorizer, 

disinfeclant 

Deodorant, sanit izer. 
plastics, dyes, 
fert i l izers, explo-
sives, disinfectants 

Explosives, poisons. 
insecticides, 
ferti l izers 

Cleaning agenl 
(washing powder, 
drain cleaner, 
paint remover), 
cement 

Industrial 

Metabol ic competitor/ Industrial 
inhibitor 
Oxalic acid 

Hydrolluoric acid Industrial 

Chemical Age111s 

AGENT TO RE 10VE 

CHARACTERISTICS OR DILUTE SYSTEMIC EFFECTS 

Ulcerates, bl isters Water lavage 
Thick, brownish Water lavage, 

purple eschar eggwhite solution 
Local irritation, Water lavage, mi lk, 

inflammation eggwhite solution. 
paste, starch 

Soft white eschar, Copious water lavage. Minor exposure: tachy-
brown stain when polyethylene gly- cardia, anhythmias 
eschar removed, col solution. vege- S ignificant exposure: 
mi ld to no pain table oi l  depression, hypo-

them1ia, cardiac 
depression, respira-
tory depression 

Necrotic with yellow- Lavage with I %  Nephrotoxic, hepatic 
ish color, garlic copper sulfate, necrosi s 
odor, glows in cover with castor 
dark, pain oi l  

Soft, gelatinous, Sodium metal: oil im-
brown eschar mersion 

Lye: water lavage 

Th in, hard eschar Water lavage Nephrotoxic, hepatic 
necrosis 

Chalky white ulcers Large volume calcium Hypocalcemia 
salts, copious water 
lavage, intravenous 
calcium 

Painful ,  deep ulcera- Water lavage, subcu-
tions taneous calcium, 

subcutaneous mag
nesium sulfate 

H ypoca Jcem i a. 
hypomagnesemia 

5. What is the first aid treatment for chemical injuries? 
First, remove any clothing or other sources of contact with the offending agent. Next, and most 

importantly, copiously irrigate, itTigate, irrigate. Irrigation should be initiated withjn minutes of con
tact. The continuous flow of water dissipates any heat of di lution produced by the injury and greatly 
min im izes the extent of injury. Roughly 1 -2 hours of continuous i rrigation with low pressure is 
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recommended. Nails, hairs, and web spaces should be carefully inspected. Any ev idence of ocular or 
inhalation i njury should be explored. Several chemical injuries also benefit from the use of ant i 
dotes. A toxicologist should be  contacted immediately. I t  is  notoriously d i fficu l t  to  estimate the 
extent and depth of chemical burns because the burn process is  insidious and ongoing. More often 
than not, extent of i njury is grossly underestimated; hence, aggressive overresuscitation is recom
mended. Urine output is the single most important guiding parameter. 

6. Are there any chemical injuries that should not be irrigated with water? 
Beware of burns caused by elemental sodium, potassium, or l ithjum, all of which spontaneously 

ignite when exposed to water. Such burns should be extinguished with a c lass-D fire extinguisher. 
Alternatively, sand can be used to smother the fire. The bum then should be covered with mineral or 
cooking oil to isolate the metal from water. Irrigation is also contraindicated for phenol bums. Unl ike 
other acid burns, phenol, an organic acid, penetrates more in di lute solution and less in a concentrated 
solution. 

Treatment Measures for Specific Chemical Burns 

Irrigation with water 
Chromic acid Sulfosalicylic acid 
Cantharides Acetic acid 
Lyes and alkalis Cresylic acid 
Potassium hydroxide Potassium permanganate 
Sodium hydroxide Dimethyl sulfoxide ( DMSO) 
Ammonium hydroxide Sodium hypochlorite 
Barium hydroxide Phenol 
Calcium hydroxide Hydrofluoric acid 
Calcium salts irrigation and/or injection: hydrofluoric acid 
Cover burn with oil: sodium metal, l ithium metal, mustard gas 
Special measures for certain chemicals 
Sodium and l i thium metals :  pieces must be excised 
Hydrofluoric acid: calcium gluconate injection 
Phenol :  Polyethylene glycol wipe 
White phosphorus: copper sulfate irrigation 
Alkyl mercury agents: debride and remove blister fluid 

Dichromate salts 
Tungstic acid 
Picric acid 
Tannie acid 
Trichloroacetic acid 
Formic acid 
Gasoline 

7. What are the criteria for admission of patients with chemical burns? 
• H igh-risk factors (concurrent i l lness) 
• Burns of the hand, foot, face, eye, or perineum 
• Burns involving more than 1 5% of total body surface 
• Most cases of second- or third-degree burns 

8. How are tar and grease best removed? 
Tars and commercial greases are derived from long-chain petroleum and coal hydrocarbons (except 

for the few that contain si l icone). Neosporin ointment is the ideal choice for tar and grease removal. Its 
antibiotic aspect helps to control infection, and its petrolatum base dissolves tar. Petrolatum is an oleagi
nous colloidal suspension of solid microcrystall ine waxes in petroleum oil .  It is composed of long-chain 
al iphatic hydrocarbons and found in most tars and industrial greases. In the emergency department, 
petroleum jelly has proved simi larly effective in removing tars and greases from injured body parts. 

9. Describe the nature and appearance of acid burns. 
Acid burns are general ly quite painful, and the patient may require a considerable amount of se

dation. Their appearance may range from erythematous, as in a superficial injury, to a yellow-gray or 
black eschar with a leather-like appearance in deeper burns. 

Sulfuric acid Green-black to dark brown eschar 
Nitric acid 
Hydrochloric acid 
Trichloroacetic acid 

Yel low eschar and tissue staining 
Yel low-brown eschar and tissue staining 
Whitish, soft tissue slough 
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10.  How are acid burns treated? 
Begin with copious and continuous irrigation with water, which is most effective if i nst ituted 

within the first I O  minutes after injury. A di lute solution of sodium bicarbonate should be used for 
further irrigation. Following these measures, care is similar to that of thermal burns. Ful l-thickness 
injuries need to be excised and skin-grafted. 

1 1 .  How are hydrofluoric acid burns different? What is the mechanism of injury? 
Hydrofluoric acid burns are more l ike alkal ine burns than acid burns. F irst, as with other acid 

burns, the h igh concentration of hydrogen ions in the t issue produces a typical caustic skin injury 
that al ters the skin's normal protective barrier. The second mechanism is more subtle and dangerous. 
Soluble free fluoride ions penetrate the damaged skin and cause l iquefaction necrosis of the soft tis
sues, decalcification of bone, and local dehydrat ion. This process may continue for hours or days, 
causing extensive local and systemic injuries i f  left untreated. Free fluoride ions bind wi th calcium 
and magnesium and cause severe depletion of intra- and extracel lular stores of calcium and magne
sium, leading to disruption of many biochemical processes. 

12. Where is hydrofluoric acid found? 
Hydrofluoric acid is a highly corrosive, inorganic acid of elemental fluorine that is used in  the 

manufacturing of plastics and semiconductors, pottery glazing, glass etching and frost ing, and rust 
removal. It also is found in several household items, including aluminum brighteners and heavy-duty 
cleansers. I t  has been widely in use after the discovery in the late 1 7th century of irs abil i ty to dis
solve s i l ica. I njuries result  from small holes in gloves and fai lure to take precautionary measures 
against the v irulence of this benign- and watery-appearing acid. 

13. What is the treatment of hydrofluoric acid burns? 
Treatment consists of prompt water irrigation, fol lowed by cl ipping of the fingernails to avoid 

trapping of acid beneath them, and, finally, inactivation of the fluoride ions. Topical application and 
massage of a 1 0% calcium gluconate gel into the involved skin control the pain and progression of 
less severe injuries. If there is no evidence of injury from the contact, exposed skin may be covered 
for 24 hours with magnesium oxide topical ointment, which inactivates the fluoride ions. I njection 
of a 1 0% calcium gluconate solution into the affected area is also recommended to prevent progres
sion of injury and systemic fluoride poisoning. Usual ly, multiple injections of 0. 1 ml or 0.2 ml are 
given through a 30-gauge needle without anesthesia. Relief of pain is usual ly dramatic and is the in
dicator for further treatment. Intraarterial injection of calcium gluconate is also an important adjunc
t ive treatment. Once an arterial catheter i s  placed, I O  ml of a I 0% calcium glue nate or calcium 
chloride solution mixed with 40-50 ml of 5% dextrose is i nfused over 4 hours. Treatment is contin
ued until the patient is pain-free for 4 hours. This method avoids direct injection into painfu l  areas. 

1 4. What are other potential complications of acid injuries? 
Oxalic acid and hydrofluoric acid may cause severe hypocalcemia and hypomagnesemia. Liver 

and/or kidney damage may occur with tannic, formic, and picric acids. I nhalation injuries also may 
fol low exposure to strong acids. 

15. Describe the nature and appearance of alkali burns. 
Alkali  burns appear less dramatic than acid burns but cause deeper injury. The tissue usual ly ap

pears leathery. 

16. Where are alkalis commonly found? 
Alkal is are the most common chemicals found in homes. They are the active component i n  prod

ucts used for unblocking drains and cleaning ovens and in garden l ime, fert i l izers, and cement. Cement 
burns and bums from plaster of Paris used for splints and casts are a risk among health care workers. 

1 7. What is the mechanism of injury of alkali burns? 
Alkalis produce less immediate danger than acids but ultimately cause more tissue destruction. 

Alkal i  burns init ial ly may appear benign but progress to full-thickness injuries if l eft untreated. Lye 
burns in i t ia l ly  cause sapon ificat ion of t issue fats, which results i n  death of fat ce l l s .  U nattached 
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alkali molecu les are then free to penetrate and cause further injury. The pH change in the damaged 
tissue is much greater and more prolonged than in acid injuries. 

18. How are alkali burns treated? 
Because of the greater change in pH of the damaged tissue, copious water irrigation should be 

administered for at least 1 hour. After irrigation, partial-thickness injuries are treated with occlusive 
dressings and periodic observation. Topical mafen icle acetate (Sulfamylon) has been recommended 
not only for its bacteriostatic effect but also because it combines with active lye in the wound to form 
sodium acetate and innocuous mafenicle acetate radicals. The sulfate radicals of gentamicin should 
be avoided, however, because they produce an exothermic reaction that may cause further damage. 

19. What is the composition of cement and the mechanism of its burn inj ury? 
Cement is composed of calcium carbonate, s i l icon dioxide, aluminum oxide, magnesium car

bonate, sulfuric acid, and iron oxide. This alkalotic substance is a common cause of burns in  indus
trial ized nations. The most common type of burn is abrasion by prolonged contact and rubbing of the 
skin with cement. Heat burns occur during the manufacture of cement by contact with hot cement 
powder. Explosive burns result from explosive discharge of powder from a ki ln during manufacture. 
First-line treatment is copious irrigation with water to remove the corrosive substance. Although the 
clangers of wet cement are known, irrigation to remove the substance is the recommended action. 

Chernical 

Hydrofluoric acid 

Desiccants, sulfuric acid 

Corrosives 
Black l iquor (mixture of sodium carbonate. 

sodium hydroxide, sodium sulfate, sodium 
thiosulfate, and sodium sul l1te) 

Potassium hydroxide 
Sodium hydroxide 

Phenol 
Aqueous ammonia 

20. Where is phosphorus found? 

Source 

Industrial cleaning, t i le etching 

Food industry, assau lts. fanning 

Pulp and paper industry 

Cleaning solutions 
Industrial cleaning, fi lm processing. glue industry. env i ron

mental detoxificat ion. home and industrial laundry 
Industrial cleaning. chemical industry 
Refrigeration (meatpacking) 

Although phosphorus products are common in the m i l itary ( firearms),  they are also found in 
products such as fireworks, insecticides, roclenticicles, and fert i l izers. Phosphorus is a waxy, translu
cent solid that spontaneously ignites on contact with air and is usually preserved in water. 

2 1 .  What is the mechanism of phosphorus injury? 
Phosphorus ignites spontaneously when exposed to air and is rapidly oxidized to phosphorus 

pentoxicle. It is extinguished by water but may reignite upon drying. Particles of phosphorus embecl
clecl in skin continue to burn in an exothermic oxidation react ion until the products are removed by 
clebriclement, neutralization, or complete oxidation. 

22. What is the treatment of phosphorus injuries? 
Ini t ia l  treatment is copious water irrigation, followed by clebriclement of v isible part icles. The 

wound should be washed briefly with 1 % copper sulfate to form black cupric phosphide and to facil
itate the removal of phosphorus partic les. However, copper sulfate is not a form of treatment and 
should be washed off to prevent copper toxicity after all particles have been removed. 

23. What causes chemical injection injuries'? Where do they most often occur'? 
Most chemical injection injuries are caused by the interstitial injection of irritating chemicals or 

medications clue to extravasat ion during intravenous admin istrat ion. Therefore, most cases occur in 
the upper limb between the antecubital Fossa and clorsum of the hand. 

24. What is the mechanism of injury'? 
An inflammatory reaction is produced initially and may progress to tissue death, sloughing, and 

ulceration, depending on the amount, concentration, and tox icity of the injected material. Often the 
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problem is recognized early by discomfort in a communicative patient and results in nothing more than 
temporary local erythema. However, injection injuries may be so severe as to warrant amputation. 

25. What are the major agents in injection injuries and their mechanisms of action? 
I .  Osmotically active agents. Hypertonic solutions containing cations such as calcium and 

potassium in ionized form cause an osmotic imbalance across the cell membrane, disrupt cel l ular 
transport mechanisms, and cause cellu lar death from intracel l ular flu id imbibition. Other solutions 
cause desiccating ce l l  death, including solutions of 30% urea, calcium gluconate, potassium, cal
cium chloride, Renogafin-60, hypertonic parenteral nutrition, and 1 0% dextrose. 

2 .  lschemia-inducing agents include catecholamines and vasopressin, which cause injury by 
local ischemia. Epinephrine, norepinephrine, metaraminol , dopamine, and dobutamine have been re
ported to cause injury. 

3. Agents with direct cellular toxicity include vesicant antineoplastic drugs, sodium bicarbon
ate, sodium thiopental, digoxin, nafci l l in ,  and tetracycl ine. The mechanical compression caused by 
extravasation and secondary wound infection compound the problem. 

26. What are the clinical features of injection injuries? 
Osmotically active and cationic solutions are the most unpredictable in estimating extent of i njury 

and cel l death. The presence of epidermal bl isters is invariably an indication of ful l -thickness rather than 
partial-thickness skin loss. Demarcation of nonviable tissue is usually evident within I week of injury. 

27. What is the most commonly used antitumor drug? Describe its toxicity. 
Doxorubicin is  an intercalating antibiotic used in the treatment of breast. prostate, bladder. and 

lung cancers, lymphomas, and many sarcomas. The clinical result is a painful subcu neous reaction. 
The cytotoxic effect is  perpetuated by the release of the doxorubicin-DNA complex from dead cells, 
making it available to viable cells. This local reaction spreads into a progressively enlarging area of ul
ceration surrounded by a zone of indurated inflammation. Continued use of doxorubicin has been 
known to increase the rate and extent of tissue necrosis at a site of extravasation or to cause breakdown 
in a previously healed area. Injury caused by doxorubicin can smolder for 1 5  weeks before an ulcer de
velops in the spreading, inflamed, indurated, and painful soft tissue mass created by the extravasation. 

CONTROV ERSIES 

28. How should injection injuries be treated? 
I .  Documentation of the volume of extravasated chemical is useful in predicting the extent of injury. 
2. The intravenous l ine should be immediately moved. However, some authors believe in leaving 

the line in place to administer an antidote or to withdraw extravasated solution. 
3. Cold should be applied over the extravasation site to cause vasoconstriction and to contain the 

chemical within the area. Cold may have a direct effect on reducing the toxicity of doxorubicin but has 
been shown to increase the toxicity of vinca alkaloids. Cold may be applied for 15 minutes 4 t imes/day 
for 3 days or more aggressively for 50 minutes of each hour for the first 24-36 hours. 

4. Warm application also has been recommended to provide vasodilatation and hence increase 
fluid absorption and reduce concentration of the extravasated drug. Heat, however, has been consis
tently shown to enhance the toxicity of doxorubicin. 

5. Some antidotes are available. Hyaluronidase destroys tissue cement and thereby reduces injury 
by al lowing rapid diffusion of the irritant fluids. It is advocated for extravasation of solutions of 1 0% 
dextro e, calcium, and potassium, aminophyl l ine, nafci l l in, radiocontrast media, and total parenteral 
nutrition. Phentolamine is an alpha blocker used as an antidote for vasopressors. Sodium thiosulfate 
injected in 1 /6 M concentration significantly reduces skin ulcerations caused by nitrogen mustard. 
Topical dimethyl sulfoxide ( DMSO) in 90% alpha tocopheral succinate may be of s me benefit after 
doxorubicin extravasation. Corticosteroids have been the most consistently reported antidote for anti
tumor drug extravasations. The addition of sodium bicarbonate has been shown to augment their effect. 

6. The affected l imb should be kept elevated to promote free venous and fluid drainage. 
7. The affected area should be left open or covered by a light dressing to al low frequent inspection. 
8. A l ight splint should be made to hold the wrist in 30° dorsiflexion and to pennit the fingers to 

fall into full flexion at the metacarpophalangeal joints, allowing free active and passive movements. 
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29. What is the role of surgery in injection injuries? 
Injuries that heal by conservative means should be allowed to do so. But what about injuries that 

probably wi l l  fail medical treatment? It is important to appreciate the many benefits of early surgical 
treatment of injuries not l ikely to heal . Early aggressive surgery is indicated for massive extravasa
t ions with any suggestion of arterial compromise, muscle compartment syndrome, or rapidly spread
ing skin necrosis. In patients with a well-demarcated area of s lough, generous debridement should 
be carried out under antibiotic cover. Some believe that the indication for surgery in ant i rumor drug 
extravasation is  persistent or increasing local pain I week after injury. When doxorubicin ulceration 
i s  established, excision must be radical, including a margin of normal skin and subcutaneous t issue 
and extending to healthy tissue on the deep surface. Involved fascia and tendons may have to be sac
rificed. Because doxorubic in is  fluorescent , u l trav iolet l ight has been used to identify infi l trated 
areas. Local muscle flaps and skin grafts may be necessary to protect underlying neurovascular 
tissue and to provide coverage. 
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76. FROSTBITE 

J ames W .  Fletclier, M D ,  and J agrut i  C .  Pa tel ,  M . D  

1 .  What are the three common types of cold injury? 
Tissue-freezing injury ( frostbite), non-tissue-freezing injury ( trenchfoot, chi lblain or pernio), 

and hypothermia. 

2. What is frostbite? 
Frostbite occurs when the temperarure fal l s  to 28° F (-2° C) and tissue freezes, resulting in for

mation of intracel lu lar ice crystals and microvascular occlusion. 

3. What is chilblain (pernio)? 
Chilblain refers to skin exposed to chronic high humidity and low temperature wi thout t issue 

freezing. The core body temperature remains normal. Mountain cl imbers are typical ly affected. 

4. What is trenchfoot? 
Trench foot develops when the extremities are exposed to a damp environment over long periods 

at temperatures of 32-50° F ( 1 - 1 0° C). Heat is lost because the extremity is  wet, and vascular flow is 
poor because of vasoconstriction. 

5. What are the symptoms of trench foot? 
Trenchfoot is characterized by numbness, t ingl ing, pain. and itching.  The skin is ini t ia l ly red 

and edematous, then gradually takes on a gray-blue discoloration. After a few days the foot becomes 
hyperemic. Within 3-6 weeks the symptoms resolve, but the extremity may sti l l  be sensitive to cold. 
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6. What is cold urticaria? 
Cold urticaria is  a syndrome consisting of urticaria and angioedema due to exposure to cold 

temperatures (seen espec ia l ly  with aquatic activit ies) .  Anaphylaxis may occur, depending on the 
severity of  the disease. There are two types of urticaria: fami l ial and acquired. History and a cold 
stimulation test confirm the diagnosis .  

7. What predisposing risk factors contribute to frostbite? 
• Substance abuse (30-50%), especially alcohol 
· Psychiatric i l lness ( 1 0-20%) 

• Environmental factors ( lack of appropriate clothing and weather conditions) 
• Peripheral vascular disease (decreased flow) 
• Age (elderly and very young) 
• Race (African Americans are at greater risk than whites) 
• Medications (e.g., aminophyll ine, caffeine, fiorinal, ergot alkaloids) 

8. How is frostbite classified? 

Degree of Injury 

First degree 

Second degree 

Third degree 

Fourth degree 

Cli11ica/ Features 

White/yellow plaque, hyperemia, edema; causalgia 
and pain may indicate nerve damage. 

Bl isters containing clear or mi lky fluid; erythema 
and edema are common. 

Deep, full-thickness skin necros is. 

Cyanosis, gangrene, and necrosis. 

9. What is the pathophysiology of' frostbite? 

Out ome 

Tissue loss and necrosis are 
rare. 

Characteristic recovery 
without ti sue loss. 

Tissue loss is common. 

Underly ing muscles and bone 
are affected. 

Tissue damage may resul t  from direct cel lu lar damage or the secondary effects of microvascular 
thrombosis and subsequent ischemia. The recognized changes during freezing are ( I ) extracel lular ice 
fonnation, (2) intracel lular ice formation, (3) cell dehydration and crenation, (4) abnormal electrolyte 
concentrations due to above, and (5) perturbations in l ipid-protein complexes. With rewarming, ice 
crystals melt and injured endothelium promotes edema. Epidermal bl isters form, and free radical for
mation continues the insult. Elaboration of inflammatory mediators, prostaglandins, and thromboxanes 
induces vasoconstriction and platelet aggregation, which worsen ischemia (see figure on facing page.) 

10. What vascular changes occur with frostbite? 
The vascular endothel ium is part icularly susceptible.  Seventy-two hours after freezing and 

thawing, the endothel ium may be completely obl i terated and replaced by fibrin deposi t ion .  
Investigators a lso have observed electron microscopic evidence of perivascular fluid extravasation 
and endothelial swel l ing and lysis. 

1 1 . What immunogenic factors play a role in frostbite? 
Neutrophi l-endothel ia l  cel l  adhesion mediated by integrins (CD 1 1 a/CD 1 8) and selectins (L, P, 

and E) plays a germane role in modulating cel lu lar dysfunction in frostbite as well as other disorders 
of interest to the p last ic surgeon ( ischemia/reperfusion, hemorrhagic shock, a l l  graft rejection).  
Factors elaborated from pathways set in  motion by the recruited immunocompetent cel ls ,  such as 
thromboxane B2 and prostaglandins E2 and F2a, have been isolated from frostbite bl isters . Evidence 
also suggests that blockade of the inflammatory cascades may influence outcome. 

1 2. How is frostbite treated? 
Rapid rewarming is the cornerstone in  the acute management of frostbite. Immersion in water 

heated to I 04- 1 08° F (40-42° C) is the standard of care for all degrees of frostbite. This tight range 
of temperatures should be strictly fol lowed because the benefit to frozen t issues at lower tempera
tures is reduced and burn injury may occur at higher temperatures. Parenteral analgesia should be 
administered as needed for pain. Massage of the area is contraindicated because it may exacerbate 
the injury. After rapid rewanning the standard protocol to prevent progressive tissue/dermal ischemia 
includes the fol lowing: 
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Pathophysiology of frostbite. A ,  As rewarming begins, ice crystals melt . B,  Injured endothelium promotes edema. 
C, Epidermal bl isters and free radicals form . D, Inflammatory mediators induce vasoconstriction and platelet ag
gregation. (Redrawn from Heggers J P, Robson MC. Manavalen K, et al :  Experimental and c l inical observat ions 
on frostbite. Ann Emerg Med 1 6: I 056, 1 987.) 

• Debride clear bl isters. 
• Hemorrhagic blisters are left intact and aspirated if infected. 
• Elevate affected areas to decrease edema. 
• Apply topical thromboxane inhibitor (aloe vera [ Dermide]) to injured areas. 
• Give systemic antiprostaglandin agent ( i .e., aspirin, ibuprofen). 
• Give tetanus toxoid prophylaxis when appropriate. 
• Whirlpool treatments to decrease the incidence of infection and early mobil ization with pas

sive manipu lation of injured extremities are advocated when appropriate. 

13. What is the role of surgery in the treatment of' frostbite? 
Reconstruction has no role in the acute phase of frostbite. Attempts to debride aggressively in 

the early phase of frostbite or amputation may compromise viable t issue. The only indication for 
early operative intervention is to amel iorate a constricting eschar or to drain a subeschar infection 
that has fai led topical antimicrobials. If tissue injury progresses to gangrene, amputation and/or cov
erage may be required. Surgery should be delayed until the area is thoroughly demarcated. 
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14. What other diagnostic modalities are used in  determining the extent of fro tbite? 
Radioisotope vascular and bone imaging, angiography, them1ography, and digital plethysmog

raphy have been used to assist in making earlier determinations of tissue viabi l i ty. 

15. Is any adjuvant therapy useful in the treatment of frostbite? 
I .  The use of an intermediate alpha blocker has been advocated as pharmacologic sympathec

tomy to relieve arteriospasm. Tolazoline HCL and injected reserpine begin to block ympathetic vas
cular effects in 3-24 hours; their effects may last for 2-4 weeks. 

2. Nifedipine in doses of 20-60 mg has been advocated for chi lblain to prevem new lesions and 
to clear present lesions through vasodi latory effects. 

3. Free radical scavengers such as dimethyl sulfide, vitamin C, and vitamin E may have poten
t ial in treating the reperfusion component of injury. Thrombolytics such as low-molecular-weight 
dextran, heparin, urokinase, and streptokinase have shown promise in experimental models but re
quire further cl inical trials to be considered beneficial. 

16. What are the late sequelae of frostbite'? 
A1thritis is common after frostbite. Pain, hyperasthesias, and cold sensitivity are more infrequent and 

are seen with more severe cases. Hyperhydrosis and pigment changes may occur as wel l .  Of interest to 
the hm1d surgeon is the occu1Tence of epiphyseal insult in children m1d subsequent growth defonnities. 
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7 7 .  M ETABOLISM AND N UTRITIO N  

Kris t ine J Gu /eseria n ,  M D ,  and Will iam G .  Cioffi , M . D . 

1 .  What is the hypermetabolic response to burn injury? 
The hypermetabol ic  response to burn injury is characterized by increases in cardiac output, 

minute venti lation, and core body temperature and a decrease in n itrogen balance. The magni
tude of response is  directly proport ional to burn wound size.  In patients with burns > 50% total 
body surface area (TBSA),  the metabol ic  rate reaches 1 .5-2 t imes the predicted rest ing energy 
expenditure. 

2. What are the responsible mediators? 
Catecholamines are the major mediators of the hypem1etabol ic response. Catecholamine excre

tion correlates wel l w ith burn s ize and increased metabol ic  rate. I ncreased c irculat ing levels of  
glucagon and cortisol <U-e also observed with catabolism. 
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3. Which organ systems are involved? 
The systemic pathophysiologic response to burn injury occurs in a biphasic pattern of early hypo

function followed by later hyperfunction. All organ systems are affected in this stereotypic manner; 
however, the magnitude and duration of the response are directly related to the extent of burn. 

Biphasic Organ System Response 10 Bum Injury 

ORGAN SYSTEM 

Cardiovascular 
Pulmonary 
Renal 
Central nervous 

Endocrine 

Gastrointestinal 

Sk in 

EARLY CHANGE (PHASE I )  

Hypovolemia 
H ypovent i lation 

Oliguria 

Agitation 

Catabolism 

lieus 
H ypoperfus ion 

4. How can the hypermetabolic response be blunted? 

LATE CHANGE (PHASE 2)  

Hyperdynamic state 
Hyperventilation 
Di uresis 

Obtundation 

Anabol ism 
Hypermot i l i ty 

Hyperemia 

With hypermetabol ism, heat production is  increased and core body temperature rises to a level 
of max imal comfort and least energy expenditure. Ambient temperatures below thermal neutral i ty 
result in catecholamine release and increased metabolic rate. Maintenance of the ambient environ
ment at 88° F to keep the core body temperature at 1 00.0- 1 00.5° F helps to prevent addi t ional 
energy expenditure. 

5. When does the metabolic rate return to normal? 
Once wounds are closed after excision and grafting, the metabol ic  rate begins to return to base

l ine. Metabolism does not return to normal until wound remodel ing is  complete. 

6. How is the immune system affected in burn patients? 
The cutaneous barrier to invading organisms is the first breakdown of the immune system with 

burn injury. There is also immediate activation of the complement system, arachidonic acid cascade, 
and in flammatory cytokine cascade. Circulating levels of immunoglobu l ins are depressed. 

7. What is the goal of nutritional support in burn injury? 
Nutritional support should provide adequate calories and protein to match the e levated meta

bolic needs and ni trogen losses of burn patients and thus prevent the erosion of lean body mass . 

8. When should nutritional support be started? 
Nutritional support should be insti tuted as soon as possible. 

9. What is the preferred route of administration of nutrition'? 
Enteral nutrition is the preferred route. It is the safest and most pract ical means of nutrient pro

vis ion and is possible in most burn patients. in addition to el iminating the risks associated with cen
tral venous catheters, it also helps to maintain gut mucosa! integrity and st imulates greater insul in 
release with subsequent promotion of anabol ism. If  the oral route of administration i s  not possible, a 
naso/oroenteric tube or feeding gastrostomy/jejunostomy tube should be placed. 

10. When should parenteral nutrition be considered? 
In general, parenteral nutrit ion should be avoided in burn patients. If  adequate nutritional sup

port cannot be provided by the enteral route (e.g., because of severe or prolonged i leus), parenteral 
nutrition may be used to prevent excessive erosion of lean body mass. 

1 1 . What are the complications of parenteral nutrition in burn patients? 
The most common and dreaded compl ication associated wi th parenteral nutr i t ion i s  sepsis .  

Other complications are related to central venous catheter placement, such as pneumothorax, bleed
ing,  thrombosis, fore ign body or air embolism, misplacement of catheter, arrhythmias, and local 
wound infection. Care of central venous catheters must be meticulous to l imi t  complications. Line 
site changes (every 3-7 days) are necessary to l imit catheter-related infection. 
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12. Who gets an ileus? 
Nearly all patients with burns exceeding 20% TBSA develop a paralytic ileus. arcotic admin

istration, electrolyte derangements, comorbid medical conditions, and older age increase the risk of 
developing an i leus. 

13. How should an ileus be managed? 
Paralytic i leus associated with burn injury should be managed with nasogastric decompression 

to prevent emesis and aspiration. Because i leus is  confined to the stomach and colon with normal 
small bowel function, early enteral feeding can be accompl ished with a naso/oroenteric feeding tube. 
Electrolytes should be replaced and maintained in  the normal range. 

14. When does an i leus resolve? 
Resolution usually occurs between 24 and 72 hours. In severely burned patients an i leus may 

not resolve until the second week, and parenteral nutrition may need to be implemented. 

15. How should nutritional needs be estimated? 
The Harris-Benedict equation, specific burn formulas, and nomograms based on body s ize and 

age have been used to estimate caloric needs. All are comparable but often overestimate caloric re
quirements. Indirect calorimetry is the gold standard and should be used in all severe burns (> 40% 
TBSA). Caloric requirements change as burn wounds are closed and activ ity level increases; there
fore, nutritional support should be adjusted accordingly. 

16. What is the optimal calorie-to-nitrogen ratio? 
The ideal calorie-to-ni trogen rat io should range between I 00: I and 1 50: l .  N itrngen losses may 

be significant, exceeding 40 gm/clay. 

17. How should you assess the adequacy of nutritional support? 
In severely burned patients, nitrogen balance and resting metabolic expenditure should be measured 

by 24-hour urine col lections (for determination of nitrogen balance) and indirect calorimetry at weekly 
intervals. Daily weights, fluid input/output, and calorie counts should be recorded daily. Measurement of 
serum visceral protein levels, including prealbumin and retinol-bincling protein, is unreliable. 

18. What are the consequences of overfeeding? 
Overfeeding may lead to l ipogenesis, clia1Thea, and increased co2 production. 

19. What nutrients are lost through the burn wound? 
All vitamins and micronutrients are lost through burn wounds as well as via urine. Serum levels 

are invariably low, particularly in burns exceeding 40% TBSA. 

20. Should supplemental vitamins and minerals be provided? 
Many vitamins and minerals are cofactors for protein metabol ism, and deficiencies may result 

in impaired wound heal ing from reduced tensile and collagen strength of the burn wound. Guidelines 
for vitamin and trace e lement intake after burn injury have no documented basis, and c l in ical evi
dence of deficiencies is  often obscured by burn wounds. Supplementation of v itamins and micronu
trients, particularly 500 mg vitamin C (ascorbic acid), 1 0,000 IU vitamin  A, and 1 mg zinc per day, 
should be considered in all burn-injured patients. 

2 1 .  What are the special considerations in  children? 
Metabolic expenditure is significantly higher in children and must be met w i  increased nutri

tional support to prevent permanent growth disturbances. 

CONTROVERSIES 

22. Does recombinant human growth hormone have a role in  burn  injury? 
Recombinant human growth hormone (rhGH) has been shown to increase protein anabol ism 

and to improve donor s i te  wound healing in severely burned children in a prospective, randomized, 
double-blinded cl in ical tri·a1. A close of 0.2 mg/kg/day resulted in increased protein turnover and pro
tein synthesis and a 2-day decrease in the length of time for spli t-thickness donor ites to heal. 
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23. What is the best prophylaxis against stress ulcers? 
The resumption of oral intake as soon as possible is the best prophylaxis against stress ulcers. 

Serious gastrointestinal tract bleeding and gastritis usually can be prevented by maintain ing gastric 
pH > 5. B acterial overgrowth in an acid-neutralized stomach has been proposed as a risk factor for 
nosocomial pneumonia; therefore, nonbuffering cytoprotective agents such as prostaglandin E? and 
sucralfate (Carafate) have been proposed for stress ulcer prophylaxis. A randomized study in 

-
burn 

patients, however, showed no d ifference in the incidence of pneumonia when sucra l fate was com
pared with a regimen of antacids and histamine blockade. 

24. Are specialized enteral formulas beneficial? 
The use of  special ized enteral formulas conta in ing fi sh o i l s ,  gl utamine, arginine,  fiber, and 

branched-chain amino acids is  of uncertain benefit. 
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78.  B U RN RECO N STRUCTIO N  

Zanid B .  M .  N iazi ,  M D ,  F R  C S  ( I re ) .  a nd Jane  A Petro ,  M D ,  FACS 

1 .  What are the  general principles of  rehabilitation'? 
l .  Adequate treatment in the acute injury phase includes preventing in fect ion; t imely wound 

closure; preserving jo int mobil ity, strength, and endurance; promoting independence in self-care; 
control l ing edema; and educating the patient, family, and peers about burn recovery. 

2. Prepare the patient for resumption of a normal l i fe, including return to school or work, as 
soon as possible after heal ing of wounds. 

3 .  Prevent contractures w ith exercises, spl ints, and active physical and occupational therapy. 
4. Apply early surgical or therapeutic treatment for contractures. 
5. Provide psychological support. 
These principles apply to both the acute phase of burn care and lo the extended period of outpa

tient recovery. 

2. When does burn reconstruction begin? 
It begins as soon as the patient is stable and has been adequately resuscitated. Nutritional sup

port is  init iated almost immediately. In patients with large burns, lack of nutrition results in poor or 
delayed heal ing with associated complications. The initial surgical steps are as fol lows: 

I .  Escharotomy of circumferential full-thickness burns. 
2.  Early tangential excision for deep partial-thickness or nearly ful l-thickness burns. Thin s l ices 

of burned tissues are removed, and the exposed layer is evaluated to determine whether viable tissue 
has been reached on which a skin graft can be placed. Early tangential exc i s ion min imizes the 
chances of burn wound infection. The risk of infection increases exponentially from day 5 onward. 
Tangential excision allows preservation of a maximal amount of t issue. 
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3 .  Excision to fascia is  l imited to the deepest burns in which subcutaneous tis ue is  non iable. 
Split-thickness skin grafts on fascia tend to have a poorer functional and cosmetic outcome. Excision to 
fascia also results in protracted distal edema in the extTemities due to resection of lymphatic channels .  

3. What is an escharotomy? 
Escharotomy means opening the eschar. The eschar is incised in areas with c i rcumferent ia l  

th ird-degree/ful l -thickness burns. Escharotomy most commonly involves burns of the extremities 
but also may involve the chest, abdomen, or neck. The procedure is painless and can be carried out 
by the bedside without anesthesia because you are cutting through nonviable t issue. In the extremi
ties an escharotomy improves c i rculation to the d istal part of the l imb and prevents compartment 
syndrome; in the chest region i t  improves vent i l atory excursion. Burns of the neck requir ing es
charotomy are nearly always associated with inhalation injuries and result from such severe fire ex
posure that survival is rare. 

4. What features obscure signs of arterial insufficiency in circumferentially burned extremi
ties? How should you monitor such patients? 

During the initial 48 hours after a burn injury, a circumferentially burned extremity is at risk of 
vascular compromise. Evaluation of peripheral circulation is hampered by ( 1 )  over! ·ing burned t issue 
that may be hard and unyielding and (2) tissue edema that accumulates under the burned skin, creat
ing the pressure that leads to vascular compromise. The only reliable method of ascertaining vascular 
status is a Doppler flowmeter. Other techniques, such as measuring compartment pressures, are gen
erally not needed. Physical exam showing circumferential or nearly circumferential burns w ith firm 
and unyielding tissue and Doppler evidence of diminished flow are sufficient c l in ical signs to justify 
escharotomy. Pe1forming the release early, before lactic acidosis affects the t issues and venous en
gorgement becomes problematic, helps to preserve tissues and to maintain satisfactory resuscitation. 

5. What are the earliest signs of ischemia in a circumferentially burned extremity? 
Alert patients may report numbness and tingling. In sedated or uncon cious patients the earliest 

signs are Doppler findings of diminished or absent digital pulses. If die fingers are unburned, pulse 
oximetry may be useful .  In c i rcumferential upper extremity burns, however, unburned fingers are 
rare, whereas shoes or boots protect the feet and toes when lower extremit ies are burned. 

6. What underlying pathology results in an intrinsic minus hand in  a recently burned upper 
extremity? How should you treat it'? 

The pathology that results in an intrinsic minus hand is  a compartment syndrome of  the deep 
muscles of  the hand. This syndrome i s  treated by making three radial  incis ions between the 
metacarpals on the dorsum of the hand and then dissecting down to the muscle compartments and 
releasing them. 

7. Where do you place the incisions for upper limb escharotomies? 
Incis ions are placed longitudinally along the medial and lateral aspects of the humerus and the 

radial and u lnar aspects of the forearn1 and wrist. Digital escharotomies are also placed on the radial 
and ulnar borders in the mid lateral l ine. 

8. What reconstructive factors must be considered in the acute phase of the burn? 
The reconstructive considerations include ( 1 )  prevention of further injury or deepening of  the 

burn by maintaining adequate perfusion during resusc i tation; (2) early excision by tangential 
shave/excis ion and grafting of the deeper burns to promote prompt healing; (3) revention of con
trnctures by proper physical therapy; (4) exercises and splinting; and (5) attentive management of 
healed areas to prevent hypertrophic scar formation. In the management of burns of the face and 
hands, aesthetic units should be considered to obtain the most desirable cosmetic resul t .  

9. When should burn scar treatment be initiated? 
In general, surgical planning is reserved for mature scars. Immature scars ( healed for less than 

6 months) may respond to conservative treatments such as lubrication with oi l -based skin lotions, 
massage, pressure garments, and exercise. If scar t issue warrants replacement (as i n  the hand or face 
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i f  a th ickened scar causes significant deformity), the surgeon does not need to wait for the scar to 
mature. Certain principles guide the categorizing of reconslructive procedures: 

Urgent procedures cannot be delayed (e.g., an exposed eye, bone, or cart i lage). 
Essential procedures are performed to restore function 
Desirable procedures are performed to restore a more normal appearance. 

10. Which anatomic sites take priority in burn wound management? 
The hands and face. 

1 1 . When was the first recorded treatment of a burn? What was the treatment regimen? 
Circumstantial evidence indicates that herbs were valued by Neanderthal man in Iraq as early as 

60,000 B .C. In the Ebers papyrus 482, dated 1 500 B.C., the burn wound regimen was as follows: 
Day J Black mud 
Day 2 Dung of calf mixed with yeast 
Day 3 Dried acacia resin mixed with barley paste, cooked colocynth, and oi l  
Day 4 Paste of beeswax fat and boiled papyrus with beans 
Day 5 Mixture of colocynth, red ochre, leaves, and copper fragments 
Of interest, the burned l imbs were supported in copper spl ints, demonstrat i ng that even then 

physicians were aware of contractures and tried to prevent them. 

12. What options are available for temporary wound cover? 
( I )  Biologic dressings: cadaver grafts, porcine grafts, amniotic membranes. (2) Synthetic skin 

substitutes: B iobrane, Kaltostat (calcium alginate or seaweed dressing). Eventually these dressings 
must be replaced with autografts when donor sites become available. Many new products have been 
marketed for temporary wound coverage. Most claim a reduction in subsequent scar formation and 
morbidity and improved survival rates. 

13. What are the options for permanent wound coverage? 
Permanent wound coverage is usually done by spli t-thickness skin graft (STSG), which may be 

applied as a sheet graft or a meshed graft. At speci fic sites, we sometimes apply a full-diickness skin 
graft (FTSG) (e.g. ,  around the eyes). Rarely do we perform pedicled flaps or free flaps in the acute 
phase of treatment, but these options may be needed at a later elate to address burn scar contractures. 
The source of autologous split skin grafts is generally die patient's own body. When the bum wound in
volves a disproportionate percentage of the whole body (> 60% total body surface area), a small sec
tion of skin taken from the patient is grown independently into sheets of cultured epithelial cel ls before 
being applied as a skin graft. Recent research has developed a nonantigenic cultured epithelium, which 
is  harvested and grown from infant foreskin and soon will be commercially available. Ongoing work 
has focused on dermal replacement in conjunction with cultmed skin that is applied at the time of burn 
excision and then dermabraded and overgrafted when the cultured skin becomes available. 

14. What is the difference between excision to fascia and tangential excision? 
Excision to fascia decreases blood loss and is often faster to perform (appl icable only to third

degree burns). However, the cosmetic and functional resul ts of skin grafts on fascia are poorer. The 
use of excision to fascia is confined to cases in which the burn is very deep or very large surface 
areas are deeply burned. Tangential excision and skin graft i ng, on the other hand, preserve un
burned t issue and yield better cosmetic and functional results . Patients have less protracted edema 
compared with patients who have undergone excision to fascia. B lood loss may be minimized with 
die use of tourniquets or sequential surgery. 

15. What are the late complications of a burn injury? 
( 1 ) Pigment changes in the skin (darker or l ighter), (2) texture changes ( hypoplastic or hyper

plastic), (3) sleep deprivation caused by a combination of disturbed circadian rhythms, severe burn 
scar itching, and posttraumatic stress syndrome, (4) scar contracture result ing in physical deformi
ties, (5) aesthetic concerns, (6) psychological consequences, and (7) heterotopic bone formation. 

16. What is the best form of burn reconstruction? 
Prevention of the development of excessive scars and scar contractures. 
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17. What are the general rules of burn reconstruction? 
Apply sheet grafts on the hands, face, and neck fol lowing aesthetic facial  units .  Also apply 

thicker grafts in  areas more l ikely to contract ( i .e., perioral and periorbital region and neck) so that 
graft contraction is  decreased. Thin STSGs contract most, whereas thicker STSGs contract less .  
FTSGs do not contract. A meshed graft has interstices that take longer to heal, and the cosmetic 
resu l t  is  poor. Spl ints are applied to prevent contractures. An occupational or physical therap is t  
should be involved from the start to maximize mobilization and to  prevent contractures while main
tain ing range of motion. Spl ints to the hands, neck braces, and extension splints to the elbows, knees, 
and axi l la  reduce scar contracture. Dev ices to maintain the feet in dorsi flexion. whether they are 
burned or not, are also useful i f  any length of bedrest is l ikely. Patients are fitted with Jobst pressure 
garments as soon as healed deep partial-thickness/deeper grafted or ung:rafted burns are stable, thus 
decreasing scarring. Follow-up should continue until the end of the growth period in children so that 
growth restrictions can be recognized early and treated. Adults should be fol lowed unti l  the sequelae 
of burn injury, both functional and emotional, are resolved. 

18. What are functional reconstructions? 
Reconstructions that restore normal function of a part are referred to as functional reconstruc

tions. The regions most frequently requiring functional reconstruction are ( I )  head and neck area, (2) 
axi l la, (3)  hands and elbows, (4) anterior chest wall  in pubescent girl s ,  and (5) joinc release of other 
areas to al low normal range and growth. 

19. How can hypertrophic scars be prevented? How can they be treated? 
Hypertrophic scars can be prevented or minimized by the fol lowing technique 
l .  Early application of pressure on healed or grafted skin. Custom-made garn1ents (called Jobst 

garments for the company which first manufactured them), with 25-30 mmHg pre sure worn 22-24 
hours/day, have been used for this purpose. Their use was first popularized by Sal ly Abston at the 
Galveston Sluiner Chi ldren's Burn Center. The one drawback of pressure in a child may be retardation 
of growth and the need for frequent remeasurements and new garments during periods of rapid growth. 

2. The use of s i l icone sheets or si l icone gel 
3.  The use of Haelan tape (steroid-impregnated tape) or steroid injections 
4. Surgical release or excision of a hypertroph ic scar and coverage of the area with a skin graft 

or by local or distant flaps 
There is no overnight cure for disabling scars and contracture. They are a frustrating complica

tion for recovering patients. S urgical reconstruction to correct functional impairment is often needed 
before wound maturation is complete. 

20. What is the classic deformity following a hand burn? How is it treated? 
The classic deformity of a burned hand is a claw deformity. Normal hand function is l imited by 

pain, sensitiv ity, and decreased strength and leads to a dysfunctional position. The burn claw develops as 
a contracting scar pulls the metacarpophalangeal joints into hyperextension, flexing the i.nterphalangeal 
joints, adducting the thumb, ulnarly rotat ing the fifth digit, and flattening the longitudinal and trans
verse arches of the hand. If the contracting scar is unopposed, thickening and contracture of the joint 
capsule and l igaments, joint subluxation, and shortening and/or adhesions of the tendons may result. 

Pal mar burn scars may impair function i f  contracture of the first web space l imits thumb and 
finger abduction and extension. Spheric grip is  reduced by scarring of interdigitaJ spaces. Prehension 
may be l imited by scarring that maintains the thumb in extension. The thumb represents 40% of 
hand funct ion. Contracture of the thumb or thenar web space may restrict function and needs to  be 
released by th ick STSGs, FTSGs, Z-plasty, or a combination of local flaps and skjn grafts. 
Postoperative splinting maintains the thumb in extension. Night wear is  continued for 6-9 months. 
When dorsal hand scarring is  extensive, complete scar excision and regraft ing are a good choice, fol
lowed by long-term splinting. 

21.  How are neck contractures treated? 
Scarring and contracture of the neck region may severely l imit  function, cause alterations of 

normal posture, and make intubation for surgery difficult. Neck contractures make driving unsafe.  
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When a bum scar extends toward the face, eating and swallowing may be restricted and facial distonion 
may develop as the scar pul ls down the mouth and perhaps even the lower eyel ids.  When i t  extends 
to the shoulder, axi l la ,  and pectoral region, shoulder motion is affected. Breast t issue can be pul led 
upward or displaced or may move abnormally with motion. 

After the hand, the neck is  the most common si te affected by contracture. The method chosen 
for contracture release depends on the severity of scarring and extent of involvement. Excising the 
scar and regraft ing the neck require l ong-tem1 postoperative care to prevent recurrent contracture. 
Spl itt ing the scar and adding skin graft are also acceptable. Jn  either case, splints are applied postop
eratively to prevent recurrence of neck flex ion contracture. 

Compression garments may be started 1 week after the postoperative dressing is  removed. For 
scar remodeling of the superior chest, anterior shou lders, and pectoral region, flex ible inserts of a 
si lastic elastomer and/or prosthetic foam are used to distribute the pressure of compression jackets. 
S i l icone gel also may be used under the splint and/or garment. Aesthetic units must be considered. 
The average time for wearing the splint or garment is  about 1 year; use may be discontinued when 
the graft i s  flat and no longer hyperemic. 

22. What surgical procedure was developed to manage severe neck contractures'? 
The Chinese flap, or radial forearm free flap, was developed by Chinese surgeons to provide a 

thin vascularized flap to cover the neck area once the scar t issue was excised. Guofan et a l .  first de
scribed its use in 1 978.  

23. What is microstomia? 
Microstomia is  a contracture of the mouth, particu larly the oral commissure, caused by perioral 

facial  burns. The most common burns result ing in this deform ity are electrical burns sustained by 
toddlers chewing on electric cords. More rarely, deep burns of the face or burns caused by ingesting 
lye may cause microstomia. The tissue loss from this injury may lead to cosmetic and functional im
pairment, oral dysfunction with eating, and impaired oral hygiene, dental care, facial expression, and 
speech. A microstomia prevention appliance (MPA) is commercially available. Patient compliance is 
fair. Surgical reconstruction of the perioral area with use of an appropriate splint postoperatively is 
an early priority. 

24. Why do axil lary contractures need to be treated? 
The shoulder is  the most mobile joint; scar contracture may restrict functional independence. 

Upper body dressing, eating, and posture may be affected if significant scarring extends to the trunk; 
elbow motion may be restricted if it extends clown the arm. Prevent ing axi l l ary contracture is  often 
difficult with deep burns of this region. Regular exercise and range of motion maneuvers are impor
tant. The type of surgical procedure depends on the degree of scarring of adjacent skin and involve
ment of the hair-bearing area of the ax i l la . The t iming of axi l l ary reconstruction remains 
controversia l .  The airplane splint is the primary orthosis used after most surgical procedures. Initial ly, 
it is  worn constantly, then at night for 3-6 months. For band contracture release (e.g. ,  Z-plasty), only 
30--45° of shoulder abduction is  needed; in such cases an airplane splint is not necessary. Sometimes 
molds are used with compression. Even continuous passive motion (CPM) may be needed after re
lease of long-term contractures to stretch l igaments and muscles and disrupt adhesions. 

25. Why is it important to treat young girls with anterior chest burn scars? 
Burn scars of the skin overlying the breasts restrict breast enlargement during puberty, causing 

signi ficant cosmetic deformity. 

26. Why must an ectropion be corrected early? 
Contracture by eversion of eyelid skin may result  in a pull ing away from the globe and prevent 

adequate closure of the eyel ids. The resultant dryness of the cornea leads to ulceration and corneal 
opacity. Ectropion should be corrected early to prevent corneal damage. Careful attention to the eye 
in patients with severe facial burns is imperative. 

27. What is burn alopecia? 
Burn alopecia is baldness of scalp skin caused by deep burns. 
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28. How is burn alopecia treated? 
i ni t ia l ly scalp burns are treated by debridement and STSGs. The hair fol l icles in the scalp l ie 

beneath the dermis  and may be spared even in ful l -thickness injury. If alopecia develops, the af
fected area can be excised serially. If a large area is involved, tissue expansion may be used. Areas 
involving as much as 50% of the scalp can be covered if sufficient undamaged hair- earing t issue is 
available. 

29. What options are available for treating burn scars? 
( I )  Revision of scars, (2) Z-plasty, W-plasty, and other local transposition flaps, (3) skin grafts for 

larger areas of contracture or hypertrophic scars, (4) tissue expansion, and (5) pedicled or free flaps. 

CONTROVERSY 

30. Which temporary dressing is better: biologic or synthetic? 
Both biologic and synthetic dressings are available off the she lf. Synthetic dressings tend to 

be more expensive than cadaver skin, which is  more expensive than pig skin. Syntheti c  skin l imits 
the use of  local creams and solut ions, whereas with pig or cadaver skin such treatments can be 
continued. Cadaver and p ig  skin resu l t  in an immune rejection if they are left in p lace long 
enough. Patients rarely develop an al lergy to synthetic dressings. Synthetic dressings do not sub
stitute for skin function (evaporative barrier, bacterial and fungal barrier) as effectively as biologic 
dressings, although newer products may have better propert ies. The cost, efficacy, and safety of 
d ifferent techniques have not been compared in sufficient c l in ical trials to prove that one is  vastly 
superior to the other. 
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1 .  What are the different types of skin grafts? 
Skin grafts can be c l ass ified as either spl it-th ickness or fu l l -thickness grafts. Spl it-thickness 

grafts consist of the entire epidermis and a portion of the dermis with an average th ickness of 
0.0 1 2-0.0 1 5  inches. Ful l-thickness skin grafts include the entire thickness of the skin, both epider
m is and dem1is. 

Skin grafts are also class ified according to their donor s i tes: autograft = self, al lograft = same 
species, xenograft = different species, isograft = allograft between genetically identical people. 

2. Which epithel ial appendages are present in  the skin? What is their function? 
Cel l s  of the developing epidermis in the third month of fetal l i fe invade the de1mis and fo1m the 

hair fol licles, sebaceous glands, and sweat glands. 

3. How do hair fol l icles and sebaceous glands affect skin grafts? 
In transplanted skin, the growth of hair in an area that should be hairless can be a problem, es

pecia l ly  in chi ldren. Furthermore, because hairs do not grow vert ical ly but on a Lant, inc is ions 
should be made obliquely to fol low the direction of the hair foll icles. On d1e fourth postgraft day, the 
original hair shafts are s loughed, and the original fol l icles begin to produce new hair. Fine hair i s  
present by  the 1 4th postgraft day. 

Sebaceous glands, which are appendages of hair fol l icles, are largest and found in greatest den
si ty in the skin of the forehead, nose, and cheeks. They secrete oily sebum, which l ubricates the hair 
and keeps the skin supple. 

4. How do sweat glands affect skin grafts? 
Apocrine sweat glands tend to be concentrated in the eyelids and axil lae, whereas eccrine glands 

are general ly found throughout the body except in the l ips and certain parts of the external geni
tal ia. The two types of eccrine g lands are those located in the palms of  the hand and soles of the 
feet and those located on the rest of the body surface; the latter function in temperature regulation. 
Apocrine glands become active at puberty, secrete continuously, and produce an od r due to bacte
rial decomposition. The sweating pattern of a skin graft wi l l  follow that of its recipient s i te because 
sweat gland function is d irected by sympathetic nerve fibers within the graft bed. Transplanted skin 
lacks the l ubrication suppl ied by sweat glands because they are temporari ly d isconnected from 
their nerve connect ions. As a result, creams should be appl ied to grafted skin unti l  the glands are 
re innervated. 

5. What are the advantages and disadvantages of split-thickness vs. full-thickness grafts? 
Split-thickness 

Advantage: take under less favorable conditions 
Disadvantages: shrink considerably; abnormal pigmentation; highly susceptible to trauma 

Full-thickness 
Advantages: res is t  contraction; potential for growth; texture and pigment more s imi lar to 

normal skin 
Disadvantage: require wel l-vascularized bed 

6. What happens to the epithelium in the postgraft period? 
Spl i t-th ickness skin grafts show a great deal of mitotic act ivi ty by the th ird postgraft day, 

whereas there is  much less mitotic activity in a full-thickness graft. The graft "scales off," and the 
epithel ium doubles in thickness. Increased mitotic activity is accompanied by swel l ing of the nuclei 
and cytoplasm of the epithel ial cells. In addition, epithelial cell migration toward ilie surface of the 
graft contributes to the apparent thickness. Between days 4 and 8, there is rapid turnover of cel l s  and 

408 
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the epithel ium thickness increases up to 7-fold. Desquamation of the epithel ium is accompanied by 
upward migration of fol l icular epithe l ium.  In fact, not unt i l  approximately the end of the fourth 
week after graft ing is  epidermal thickness back to normal. Also of note, enzymatic activity progres
sively decreases in spl it-th ickness grafts over the first few days, but by the fourth day, w ith host
vessel ingrowth, enzymatic activity increases greatly. 

7. Describe the cellular and fibrous components of the dermis. 
The source of fibroblasts in a skin graft is still debated. They may be derived from mononuclear 

cel l s  in the blood or from local perivascular mesenchymal cel ls .  In the first 3 days after grafting, the 
fibrocyte population decreases. After clay 3, fibroblast-l ike cel ls  appear in the graft and increase in 
number and enzymatic activity by the 7th and 8th days. Levels return to normal in the fol lowing few 
weeks. The fat of col lagen in skin grafts is also debated. Experiments have shown that the collagen 
persists through 40 days after grafting. Col lagen also undergoes replacement, wh ich continues to the 
2 1 st day. By the end of the sixth week, all of the old dermal collagen is replaced; the peak occurs in 
the f irst 1 4-2 1 clays after graft ing. Also of note, the collagen turnover t ime is  3-4 times faster than 
col lagen turnover i n  unwounded skin. Although ful l -th ickness and spl it-thickness grafts lose the 
same amount of collagen, a split-thickness graft replaces only half of its original col lagen compared 
with a fu l l -thickness graft. A lso included in the fibrous component are elastin fibers, which provide 
skin res i l ience. Elastin also has a high turnover rate with continued degeneration through the third 
week unti l  new fibers emerge at 4-6 weeks after graft ing. 

8. What is the function of the extracellular matrix (ECM)? 
The ECM passively supports the cel ls  and regulates cell-to-cell interaction. The ECM of skin is 

composed of  proteins of both fibroblast and keratinocyte origin. These proteins are involved in di
recting the communication between kerat inocytes and fibroblasts, i .e., in regard to cell proliferation, 
differentiation, migration, and attachment. For example, fibroblasts within the ECM respond to ker
atinocytes by producing a basement membrane zone, rich in col lagen type TV and laminin .  The base
ment membrane zone then promotes keratinocyte attachment, proliferat ion, and differentiation. 

9. What happens during the healing process of a graft? 
Ini t ia l ly the skin graft is white on removal from the donor site. Over the next few clays a pink 

hue develops, and good capil l ary refi l l  is e l ic i ted. By the 1 4th-2 1 st clays, the graft surface, which 
was originally depressed, becomes level with the surrounding skin. Collagen replacement begins by 
the 7th day and is nearly complete by the 6th week after grafting. A large number of polymorphonu
clear cel ls  and monocytes remain in the dermis for a length of time. Yascularization and remodel ing 
may take many months and result in numerous newly formed vessels with greater arborization than 
the vessels of normal skin.  Final ly, by the 5th-6th postgraft days, lymphatic drainage becomes es
tablished through the connection of the host and graft lymph channels. As a result ,  the graft rapidly 
loses fluid weight until its original pregraft level is reached by the 9th clay. 

10. How does a skin graft take? 
Skin graft take occurs in three phases. During the first 48 hours, the process of plasmatic imbi

bition al lows the graft to survive the immediate postgraft period before circulation is establ ished. 
The imbibition, or diffusion, of exudate from the host bed al lows access for nutritive materials and 
disposal of metabolic waste products. After 48 hours, fine vascular networks form at the interface 
between the graft and recipient bed. During this period of inosculation, anastomotic connections are 
made between host and graft vessels. Simultaneously, capillar)' ingrowth occurs, during which new 
vessels grow into the graft from the host bed and actively invade the graft to form its definitive vas
culature.  How these events actually occur is debated. Some bel ieve that preexisting graft vessels act 
as nonviable conduits through which the endothel ium of the host vessels  grow; others believe that 
new endothelial channels are created. 

1 1 . What are the three most common causes of autologous skin graft fai lure? 
The most common cause of autologous skin graft fai lure is hematoma. The clot inhibi ts direct 

contact of the graft with the endothel ial buds of the recipient bed so that revascularization cannot 
occur. The second most common cause of graft loss i s  infection, which can be avoided by careful ly 
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preparing the wound bed. Fluid beneath the graft also may cause graft necrosis .  A l ight pressure 
dressing minimizes the risk of fl u id accumulations. Shear force also prevents graft take, and care 
should be taken to immobil ize the grafted area. Properties of the skin graft itself can determine i ts 
survival . For example, grafts taken from a highly vascularized donor site predictably heal better than 
grafts from a less vascular site. 

12. What sensory changes occur as a graft becomes reinnervated? 
Graft sensation is  regained as nerves grow into the graft. Skin grafts are init ial l y  hyperalgesic 

and slowly regain normal sensation. Sensory recovery begins at around 4-5 weeks and is  completed 
by 1 2-24 months. Studies show that pain, l ight touch, and temperature return in that order. Patients 
need to be warned of thermal insensitivity to avoid injury. 

13. What are the choices for donor sites? 
Spli t-thickness skin grafts can be taken from any area of the body. However, because harvesting 

leaves a scar, scar vis ibi l i ty as well as color match should be considered in choosing a donor site. 
Spl i t-thickness grafts for the face should be harvested from the "blush" zone, such as the supraclav
icular area and scalp. Skin grafts for the extremity and trunk are harvested from the upper thighs and 
buttocks. 

Ful l-thickness skin grafts are usually harvested where the skin is thin: upper eyelid, postauricu
lar area, or supraclavicular region for facial grafts. Other si tes used for ful l -thicknes graft harvest
ing include the hairless groin, dorsum of the foot, distal forearm, antecubital fossa, and prepuce. 

14. What is a dermatome? 
A dermatome is a cutting instrument used for harvesting spl it-thickness grafts. Air- or electric

powered dermatomes are usually used in harvesting spl it-thickness skin grafts. The width of the 
graft i s  determined by the w idth setting on the dermatome; however, thickness can also be judged by 
the type of bleeding observed at the donor site. Superficial grafts leave behind many small punctate 
bleeding points; harvesting of deeper grafts leaves fewer bleeding points that bleed more. 

15. When are meshed grafts used? 
Meshed grafts are useful when insufficient donor skin is  avai lable, when a h ighly convoluted 

area must be covered, when the recipient bed is  less than optimal, or when moderate drainage i an
ticipated. However, mesh grafts are absolutely not indicated for covering a joint or the back of the 
hand because of s ignificant contraction or scarring during heal ing. Graft meshing is usually per
formed in l :  1 .5 or l :2 ratios. 

16. What are the advantages and disadvantages of meshing? 
Advantages: ( 1 )  covers a larger area, (2) contours easi ly and adapts to fit an irregular bed, (3)  

al lows blood and exudate to drain freely, and (4)  provides increased edges from which reepithelial
ization occurs. 

Disadvantages: (1 )  leaves much of the wound to be healed by secondary intention, potentially 
resu l t ing in  wound contracrure and (2) yields an unaesthetic cobblestone appearance. Leaving a 
meshed graft unspread enhances some of its advantages and avoids the cobblestone appearance after 
heal ing of the interstices. 

17. What methods of graft expansion are available besides meshing? 
1 .  Pinch grafts are made by breaking up a graft of skin into small pieces to increase the edge 

area; they are effective in treating chronic venous stasis ulcers, pressure sores, radi dermatitis, and 
small chronic traumatic wounds. 

2. In  relay transplantation a graft is cut into 3-6-mm strips, which are laid down 5-1 0  mm 
apart. After 5-7 days when the epithelial growth is apparent, the original strips are removed and 
transplanted, leaving the epithel ial remnants in place. This  process may be repeated a number of 
times. 

3 .  Meek island sandwich grafts involve using a specialized dermarome and prefolded gauzes 
to expand graft squares from small pieces of split skin graft. The ratio of expansion is reportedly 1 :9 .  
This method i s  useful for coverage of granulating wounds that have poor grafting c nditions. 
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18. Define primary and secondary contraction. 
Primary contraction refers to the immediate elastic recoil of the graft as it is  cut. As a result ,  a 

ful l -thickness graft loses about 40% of its original area, and a thin split-thickness graft contracts by 
approximately 1 0%.  In contrast, secondary contraction occurs as the graft wound heals and is cl ini
cal ly more significant. Ful l-th ickness grafts demonstrate minimal secondary contraction, whereas 
spl i t-thickness grafts demonstrate significant secondary contract ion, depending on the amount of the 
dermis in the graft. The less dermis, the more the graft wil l  contract secondarily. 

19. Which cell is responsible for graft contraction? 
The interaction between a graft and its bed can be explained in terms of the l i fe cycle of the 

myofibroblast. Application of a skin graft appears to check the stimulus of a wound to myofibrob
last formation, function, or both. Spl i t-thickness grafts cause a rapid decl ine in the number of my
ofibroblasts in a g iven wound; thus, wounds contract less than comparab le  nongrafted s ites .  
Full-thickness grafts trigger an even faster decrease in the myofibroblast population; thus, wounds 
show minimal contrnction. It is  hypothesized that full-thickness skin grafts do not prevent the for
mation of myofibrob lasts but instead speed up completion of their  l i fe cycle,  thereby reducing 
wound contraction. 

20. Why is proper preparation of the wound bed so important? 
Most skin graft fai lures can be ascribed to factors associated with the recipient s i tes. Skin graft 

survival depends on blood supply from the wound bed. Therefore, exposed bone, cart i l age, and 
tendon do not accept graft because they have lim ited blood supply. However, periosteum, perichon
drium, and paratenon are graftable surfaces. ln addition, cortical bone can be debrided, al lowing vas
cular granulation tissue to prol iferate. Chronic granulation tissue must be resected down to healthier 
vascular tissue, which appears red and beefy. The bed must be free of pus and necrotic tissue. 

21 .  What is the maximal allowable bacterial load on a recipient bed site? 
All granulation t issue contains bacteria, but not all granulat ion t issue is  infected. If there are 

more than 1 05 organisms per gram of tissue, the graft will not take. The high bacteria count must be 
reduced with antibiotic and local wound therapy. 

22. What is the optimal dressing for a skin graft? 
In most cases, a bolus or t ie-over dressing is the best dressing for a skin graft. It improves sur

vival rate by promoting adherence of the graft on the wound. On an extremity skin graft, this tech
nique involves a c i rcumferential compression dressing, often with a spl int to immobi l ize a nearby 
joint. 

23. How can the problem with pigment mismatch be addressed? 
Pigmentation changes as a graft heals, depending on the area from which it was harvested. 

Grafts luu·vested from the thigh, buttocks, and abdomen become darker as they heal . I n  contrast, skin 
grafts from the palm l ighten. The skin above the clavicle provides the best color match for grafting 
facial areas. 

Regardless of the donor site, split-thickness grafts often develop darker pigmentation than full
thickness grafts from the same si te. Sunsh ine is also thought to play a role in graft pigmentation and 
should be avoided for 6 months after grafting. Hyperpigmented grafts are best treated by dermabra
sion; the best results are achieved when dermabrasion is done after the graft becomes reinnervated. 

24. What are the best types of dressings for donor sites"? 
Commonly used donor s i te dressings can be categorized into four groups:  open, semiopen, 

semiocc lusive, and occlus ive. Biologic dressings are also used. The open wound technique is  cer
ta in ly the cheapest. However, i t  is associated with prolonged heal ing t ime and increased pain. 
Semiopen dress ings,  which al low egress of fl uid and bacteria, inc l ude B iobrane and fine mesh 
gauzes impregnated with scarlet red, Vasel ine,  or Xeroform. Xeroform i s  easy to use, inexpensive, 
and infection-free; i t  also al lows reepithel ia l ization in approximately 1 0  days. B iobrane is more 
comfortable for the patient, but is quite expensive and has been associated with an increased number 
of donor site infect ions. 
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Semiocclusive dressings, such as Op-Site and Tegaderm, are bacteria- and l iquid-impermeable 
but permeable to moisture.  They promote faster and less painful healing but are more labor- intensive 
because flu id tends to col lec t  under the dressings and needs to be drained frequently. Occlusive 
dressings such as Duoderm are oxygen-impermeable. Duoderm enhances the rate of epithelial iza
tion and col lagen synthesis and reduces the bacteria count by decreasing the pH f the exudate. 
Furthermore, because i t  does not adhere to the bed, it does not cause i1Titation or pain. 

25. How many times can a split-thickness graft be harvested from the same site? 
A s ingle donor site can be harvested a number of t imes. However. a l though the epi thel ium 

always regenerates, the dermis does not .  This leads to progressive thinning of the dermis after each 
spl it-thickness graft harvesting. 

26. What is dermal overgrafting? 
In demrnl overgrafting, a surface epithelium is replaced with a spl it-thickness skin graft after the 

epithel ium is removed by dermabrasion or sharp dissection. This process is  commonly applied to 
scar t i ssue that is  extensive, hypertrophic, or pigmented. Mature scars have capil lary circulation ca
pable of vascularizing an overlying skin graft. 

27. When are allografts indicated? 
Allografts are highly effective as temporary biologic dressings and funct ion much l i ke auto

grafts. They are especially useful when skin loss exceeds 50% of the total body surface area (TBSA), 
resu lting in insufficient autograft donor sites. However, although allografts wi l l  take on the recipient 
s i te and even become vascularizecl, they are rejected in approximately IO days or later i f  the patient 
is  immunosuppressed (e.g., patients with extensive burns). To avoid a rejection response, al lografts 
applied as biologic dressings should be changed every 2 or 3 days. One of the risks of al lograft use is 
transmission of the HIV virus. 

28. When are xenografts used? 
Xenografts also have been used as biologic dressings. The advantages of xen grafts are their 

low cost, availability, easy storage, and easy sterilization. However, unlike al lografts. xenografts are 
rejected quickly before they become vascularized and have the potential to induce a significant in
flammatory response, delaying host healing. 

29. What is the clinical significance of human amniotic membrane? 
Human amniotic membrane can be used as a temporary dressing and is  composed of an inner 

membrane (amnion) and an outer membrane (chorion). These membranes have a mesenchymal sur
face in addit ion to theii- epithelial (amnion) and decidual (chorion) surfaces. They have been effec
tively used as temporary dressings for leg ulcers, contaminated or infected raw sUifaces (e.g. ,  burns, 
p i lon idal cyst s inuses), and coverage of donor s i tes .  Recent use of freeze-dried, gamma-steri l ized 
amniotic membrane has avoided the problem of bacterial and viral contamination from donors. 

30. What are the advantages and disadvantages of amniotic membrane dressings? 
Advantages 
• More effective than human skin in minimizing bacterial count in burn wounds 
• Reduce pain and protect raw surfaces unti l  more permanent coverage is available 
• Neovascu larization does not occur, and the amnion may be removed in 7-1 0  clays as the 

wound begins to close 
Di sad vantages 
• Unable to promote healing 
• Increased hyperemic reactions 
• Hypertrophic scarring 

31 .  What is tissue-cultured skin? What are the clinical uses of cultured keratinocytes? 
Tissue-cu l tured skin is  composed of human epidermal ce l l s  grown in v i t ro that are s table 

enough for grafting. The technique of cult ivating kerat inocytes was introduced by Rheinwald and 
Green, who successfully cultured a single keratinocyte to produce an epithelial shee1. 
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Whole skin i s  enzymatically digested with trypsin to produce a s ingle-cell suspension of ker
atinocytes that are then grown on a monolayer of lethally-irradiated mouse fibroblasts in a culture 
flask. Keratinocyte auto- or allografts are now used in the treatment of burns, leg ulcers, u lcers of 
epidermolysis, degloving injuries, oral mucosa! defects, and after excision of giant congenital nevi 
in chi ldren. From a postage stamp-sized section of skin, a l x l meter sheet of keratinocyte can be 
cultured in 3-6 weeks. In burn patients, surgeons can apply cadaver al lografts to stabilize the patient 
while cult ivating an autograft. 

A disadvantage to their use is  the presence of hyperkeratosis for re latively long periods.  It is 
postulated that the newly fonned epidermis remains in a hyperprol i ferative state due to the absence 
of a modulating dermal factor. Of greater importance, a major disadvantage of cultured keratinocytes 
is  the potential risk of mal ignancy after grafting because keratinocytes are cultured in the presence 
of mitogens, leading to possible spontaneous transformation. Other h indering factors to the use of 
cultured keratinocytes are their high expense, fragi l i ty, and sensitivity to infection. 

32. What are uni laminar and bilaminar skin substitutes? 
Skin substitutes act as artificial skin and are designed to be left in place for a long period, unl ike 

temporary dressings. They have uni laminar or bi laminar membranes and are composed of synthetic 
and/or biolog ic materials .  Unilaminar membranes include hydrogels, hydrocol lo id dressings, or 
vapor-permeable membranes. They provide no mechanical protection but effectively debricle the 
wound, decrease bacterial count, and stimulate granulation t issue growth. 

Bilaminar skin substitutes incl ude completely synthetic, biologically inert materials, autolo
gous tissue, and collagen-synthetic composite materials: 

• Levine devised a totally synthetic bi laminar membrane consisting of an inner layer of nylon 
fabric (dermis) with an outer layer of polytetrafluoroethylene (PTFE) membrane (epidermis). 
The membrane attaches to the bed of a wound within 5 days. It al lows pa.ssage of water vapor, 
protects the host from infection, and increases patient survival in large surface area burns. 
Autograft take has proved to be successful after application of the synthetic membrane. 

• Autogenous skin substitutes combine al logeneic fibroblasts with col lagen, which acts as a 
neodermis "sponge" onto which a suspension of autologous epidermal cells (cultured keratino
cytes) are added. Studies show that they appear to heal l ike normal skin 8 months after grafting, 
and hypertrophic scarring has not been found even I \/2 years after grafting. The use of al lo
geneic fibroblasts reduces the time required to produce the skin substitute (4-7 days), whereas 
it takes at least 1 month to construct a bilaminar membrane with autologous fibroblasts. 

• An example of a col lagen-synthetic composite material consists of dermis of bovine col lagen 
attached to a S i lastic epidermis, which acts to control moisture. When the dermal component 
( i .e . ,  matrix of collagen and glycosaminoglycans) is placed on a granu lating bed, i t  becomes a 
synthesized connective-tissue matrix that acts as dermis within 2-3 weeks. Fibroblasts and 
blood vessels invade this art i ficial dermis,  and the surface i s  later replaced by meshed spl it
thickness autograft or cultured keratinocyte sheets. 

33. What are the applications of fibrin glue in skin grafting? 
Fibrin glue prepared from fibrinogen concentrates is useful as a biologic adhesive. Its hemosta

tic propert ies help to reduce blood loss and to secure the graft in place. The resul ts  are decreased 
hematoma formation and decreased motion of the graft, both of which enhance graft survival as well 
as cosmetic resul t .  Fibrin glue, whether derived from an autologous, s ingle-donor, or mult idonor 
source, does not interfere with the healing process and does not increase the incidence of i nfections. 
With the development of autologous preparation technique, the clanger associated with mult idonor 
preparations is el im inated. 

34. What is an FDFG? 
FDFG stands for free dermal-fat graft. FDFGs provide a lasting and effective source of implant 

material for repair of soft-t issue contour defects and are often used in the reconstruction of defects of 
the face. In implanting an FDFG, overcorrection of approximately 20-30% is necessary to compen
sate for graft shrinkage. One of the risks is epithelial cyst formation. However, this risk i s  acceptably 
low when adequate deepithelialization of the FDFG is performed. 
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35. How effective are parental allografts in treating burns in children? 
Large bums covering over 50% of TBSA leave insufficient skin for autologous skin graft cover

age even after meshing. One way of deal ing with this problem is serial autografting and use of ca
daver al lograft to cover the remaining areas temporarily while awaiting heal ing of autograft donor 
s i tes for reharvesting. Another option is  the use of parental allografts intermingled with the auto
graft. The parental skin persists for a longer time without rejection even in the absence of del iberate 
immunosuppression. Although the cellu lar elements of the parental skin do not survi e, the parental 
dermis contributes to the final skin. Other benefits include psychological benefits to the parent, who 
feels that he or she is contributing to the child's care, and el imination of the risk of HIV transmission 
with other al lografts. 

36. What is the role of skin grafting in the treatment of vitiligo? 
Stable vi t i l igo that is  refractory to conventional treatment can be effectively treated with a very 

thin spl it-thickness skin graft fol lowed by PUVA treatment. However, the success rate depends on 
the site of the lesion. The forehead yields the most favorable resul t, whereas the l ip, nose, neck, and 
bony prominences are difficult to treat in this manner. 
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80 . PRI N CI PLES O F  S KI N  FLAP S U RG E RY 

Mi tchell A Sto tland,  M . D. ,  and Caro/IJn L .  Kerrigan ,  M . D .  

1 .  How d o  main distributing arteries reach the cutaneous circulation of a flap? 
Arteries that perfuse a surgical flap pass into the skin component i n  one of two fundamental 

ways: 
I .  Musculocutaneous arteries travel perpendicularly through underlying mu cle bel l ies into 

the overlying cutaneous circulation of the skin. They are most prevalent in the supply of skin cover
ing the broad, flat muscles of the torso (e.g., latissimus dorsi, rectus abdominis) .  

2. Septocutaneous arteries, arising originally from either segmental or musculocutaneous ves
sels, pass directly within intermuscular fascia! septae to supply the overly ing skin. This arrangement 
is  most common between the longer, thinner muscles of the extremities (e.g. ,  radial  forearm flap, 
dorsal is  pedis flap). 

2. What are the three main characteristics of skin-containing flaps? 
Composition, blood supply, and method of movement. 
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PLEXUSES 

Internal Artery 

The cutaneous microcirculation. (From McCarthy JG: Plastic Surgery. Philadelphia, W.B .  Saunders, 1 990, p 282, 
with permission.) 

3. Classify skin-containing flaps in terms of their composition. 
Based on which t issues are contained within a flap, one can describe them as cutaneous, fascio

cutaneous, myocutaneous, osseocutaneous, or innervated (sensate) cutaneous. 

4. Classify skin-containing flaps in terms of their blood supply. 
The b lood supply of  a flap originates from e i ther a musculocutaneous or a septocutaneous 

artery. The flap is then designed so that the skin is nourished via randomly or axial ly oriented feeder 
vessels. 

l .  Musculocutaneous artery as main source 
• Random flaps: suppl ied by one or more musculocutaneous perforating arteries that pene

trate the overlying cutaneous circulation spec ifical ly at the flap's anatomic base. Their in
corporat ion into the flap base occurs on a random basis. 

• Axial flaps: suppl ied by a named musculocutaneous vessel that is  axially oriented within 
the underlying muscle.  By  including the muscle in the flap, the overlying skin is suppl ied 
by a series of musculocutaneous perforating arteries that exit the muscle and penetrate the 
overlying cutaneous circulation at mult iple points along the course of the flap's axis. With 
this configuration, the vascular pedicle ( i .e . ,  the main musculocutaneous artery) is  said to 
be cantilevered far beyond the flap's anatomic base, providing greater length and rel iabi l ity. 

2. Septocutaneous artery as main source 
• Random flap: suppl ied by one or more branches off the septocutaneous system that pene

trate the overly ing cutaneous c irculation spec ifica l ly al the flap's anatomic base. Their in
c lusion in the flap base occurs by random selection. 

• Axial flaps: suppl ied by a named septocutaneous vessel that runs longitudinally along the 
ax is of the flap. The vessel may be located deep and incorporated into the flap via a fas
cial/septal attachment that provides segmental perforators (e.g., radial artery in the foreann 
flap), or it may be located in a more superficial position free of a fascia! association (e.g. ,  
superficial circumflex i l iac artery in the groin flap). 

5. Classify skin-containing flaps in terms of their method of movement. 
Flap transfer is  commonly described in the following ways: 
1 .  Local transfer: advancement, pivot (rotation), and interpolation (transposit ion). 
2. Distant transfer: direct, tubed, and microvascular. 
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Local Flaps rt1 f7� 
Advancement Rotation Interpolation � �aps � 

Direct Tube Free 

Classification of skin flaps by method of movement. (From 
McCarthy JG: Plastic Surgery. Phi ladelphia. W.B .  Saunders, 
1 990, p 277, with permission.) 

6. Classify the following flaps according to their three major characteristics. 
1 .  Limberg flap 

Composit ion: cutaneous 
B lood supply :  musculocutaneous artery (random) 
Movement: local pivot 

2. Abbe flap 
Composit ion: myocutaneous 
B lood supply: musculocutaneous artery ( axial : labial artery) 
Movement: distant direct 

3 .  Groin flap 
Composition: cutaneous 
B lood supply: septocutaneous artery (axial: superficial circumflex i l iac artery) 
Movement: distant direct, tubed or microvascular 

4. Radial forearm flap 
Composi t ion: fasciocutaneous 
B lood supply: septocutaneous artery (axial: radial artery) 
Movement: local interpolation or distant microvascular 

5.  Cross-finger flap 
Composition: cutaneous 
B lood supply: septocutaneous artery (random) 
Movement: distant direct 

6. Forehead flap 
Composition: myocutaneous 
B lood supply: musculocutaneous artery (axial : supratrochlear with or with ut supraorbital 

artery) 
Movement: distant direct or local interpolation 

7. TRAM flap 
Composi t ion: myocutaneous 
B lood supply: musculocutaneous artery (axial: superior and/or inferior epigastric artery ) 
Movement: local interpolation or distant microvascular 

7. In what year did plastic surgeons successfu l ly introduce free tissue transfer as a recon
structive option? What type of procedure was performed? 

In 1 973 a new era of reconstructive plastic surgery was inaugurated with tbe publication of a 
series of reports describing the use of island skin flaps from the abdomen and gro in  region. These 
flaps were based variably on the superficial inferior epigastric or superficial c ircumflex i l iac arteries. 
The init ial reports described the use of these flaps for coverage of posttraumatic soft t issue defects of 
the lower extremity. A subsequent period of widespread experimental and anatomic investigation 
soon led to an explos ion of donor s i te options and flap compositions for use by the reconsu·uctive 
surgeon. 
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8. What is an angiosome? What is its significance in  flap design? 
Analogous to a sensory dermatome, which is an area of skin innervated by a named sensory 

nerve, an angiosome is a composite block of tissue supplied by the same source artery. The source 
artery ( i .e . ,  a segmental or distributing artery) supplies the skin and underlying structures within the 
given three-dimensional block of tissue. The entire skin surface of the body, therefore, is  perfused by 
a multitude of angiosome units. Adjacent angiosomes are l inked by intervening reduced-caliber ves
sel s  referred to as choke vessels. In principle, a flap can support one angiosome suppl ied in a 
random cutaneous fashion. Moreover, an axial-pattern flap can carry with it an additional angiosome 
of tissue that is  perfused via an intervening choke vessel in a random cutaneous fashion (beyond the 
domain of the main flap pedicle) .  Examples include ( I )  a Bakamjian deltopectoral flap designed 
with a lateral, random cutaneous extension existing beyond the domain of the medially based inter
costal perforating vessels and (2) a TRAM flap incorporating cutaneous extensions lateral to the per
forators arising through the underlying rectus abdominis muscle (zones 3 and 4). 

9. What is the delay procedure'? What is the delay phenomenon? 
The delay procedure is a prel iminary surgical intervention wherein a portion of the vascular 

supply to a flap is  divided before the definitive elevation and transfer of the flap. The resulting bene
fit, termed the delay phenomenon, is  that the longitudinal reach of a flap's vascular pedicle is ex
tended, creating a greater flap area due to the survival of a more extended random cutaneous 
component distally. The mechanism of this phenomenon is  somewhat controversia l .  Explanations 
include sympathectomy-induced enhancement in vascularity, longitudinal vascular reorientation, 
vascular enlargement, improved tissue tolerance to hypoxia (metabolic adaptat ion), and dilatation of 
choke vessels between vascular territories, al lowing capture of adjacent angiosomes. 

10. What does the term critical ischemia time mean? 
Critical ischemia t ime (CIT) refers to the maximal period of ischemia that a given tissue can 

withstand and s t i l l  remain viable after resumption of vascular flow. One may also look at CIT50 
values, which refer to ischemia time that results in flap necrosis in 50% of cases (analogous to the 
median lethal dose or LD50 of a pharmacologic agent). Critical ischemia is a temperature- and tissue
dependent parameter. Skin grafts can tolerate up to 3 weeks of complete i schemia when stored at 
3-4° C. Cl inical reports have described the survival of human free flaps and amputated human digits 
after more than 24 hours of ischemia when they were preserved at hypothermic condit ions. Experi
mental studies in a normothermic skin flap model have shown a CIT50 of 9 hours. M uscle, because 
of its metabolic requirements, is  relatively more sensitive than skin to the stress of ischemia. Other 
metabol ical ly demanding organs (e.g., brain, heart, kidney) are even more vulnerable to the stress of 
hypoxia and energy depletion, as reflected by much shorter CIT50 values. 

1 1 . What is primary vs. secondary ischemia? 
In microsurgery, the term primary ischemia refers to the obligatory interval between pedicle 

divis ion at the donor s ite and removal of the vascular clamps after microanastomosis at the recipient 
s i te. Secondary ischemia occurs postoperatively when the flap pedicle is compromised by either ex
trinsic or anastomotic obstruction. 

1 2. What does the term ischemia-reperfusion injury mean? 
lschemia-reperfusion injury refers to the finding that postischemic reestabl ishment of vascu

lar perfusion may result in tissue damage above and beyond that directly resulting from the ischemia 
itself. The dist inction between ischemic injury and reperfusion injury has been characterized as cel
lular death of attrition vs. cellular death by bombardment. l schemia results in a death of attrition 
through processes such as oxygen deprivation, adenosine triphosphate/energy depletion, calcium de
pletion, and ce l l  membrane dysfunction. Reperfus ion resul ts  in death by bombardment through 
processes such as neut:rophi l  respiratory burst with free radical formation; upregulation of cel l  adhe
sion molecules, which resu lts in neutrophi l  diapedesis and degranulation; and leukocyte, platelet, 
and endothel ial cell release of peptide and l ipid proinflammatory mediators. Therefore, the experi
mental and cl inical approaches to improving fiap survival must consider the impl ications of both is
chemia and reperfusion. 



4 1 8  Pr i nciples of Skin F lap Surgery 

13. What mechanisms may lead to the failure of a pedicled flap? A free flap? 
Tissue loss after the transfer of a pedicled flap typically results from distal necrosis. In such a situ

ation, the flap is designed too large for its inherent vascular supply and an associated random cutaneous 
component exists beyond the flap's zone of perfusion. Alternatively, mechanical trauma. a compressive 
dressing, or an adjacent hematoma may compromise the flap pedicle and resu l t  in more extensive 
tissue loss. Free flaps, in contrast, have classically been described as exhibiting an all-or-none survival 
pattern. In reality, segmental free flap loss is occasionally seen in distal flap zones that represent random 
extensions of the axially supplied flap (e .g . ,  zones 3 and 4 in a free TRAM flap) .  Occurring more 
commonly than extrinsic, mechanical compromise of the pedicle, intraluminal problems arising directly 
at the level of the microsurgical anastomosis may lead to vascular thrombosis and complete flap loss. 

14. How can one optimize the viability of a pedicled flap? 
With the use of pedicled flaps, segmental loss is usual ly due to distal necrosis .  In contrast to the 

early, v ig i lant surve i l lance of free flaps, which al lows salvage of anastomotic compl ications by 
emergent reexploration, there is l ittle need for the use of sophisticated techniques to monitor pedi
cled flap v iabi l i ty. Rather, proper flap design based on an adequate knowledge of relevant anatomy 
and publ ished cl in ical experience are critical to the prevention of distal flap necrosis. Avoidance of 
( l )  extrinsic pedicle compression, (2 )  undue tension upon wound closure,  and (3) ex essive flap de
pendency, with attendant venous congestion, are essential principles. The delay procedure, based on 
the rat ionale provided above, also may be used to improve flap v iabi l i ty or to extend flap area. 
Intravital dyes (e.g. ,  fluorescein) occasionally are used to help determine the zone of perfusion in  a 
pedicled flap. The management of distal flap necrosis is typically conservative or expectant, involv
ing conventional wound care and possible secondary, delayed revision. Clinical observation alone is 
general ly suffic ient to ident ify the rare instance in which a correctable, mechanical disturbance re
sults in impending, total pedicled flap fai lure. 

15. What methods are used to monitor the viabil i ty of a free flap that contains a cutaneous 
component? 

More than 20 years after the cl in ical introduction of microsurgical free tissue transfer, monitor
ing of free flap viabil ity remains controversial .  All experts agree, however, that flap monitoring is 
crucial in the early postoperative period because of the possibi l ity of total free flap fai lure secondary 
to m icroanastomotic thrombosis .  Early flap reexploration rates, depending on the series, may be 
upward of 1 5%, although ult imate free flap success is typically achieved in 95% of cases. These fig
ures clearly indicate a significant chance for free flap salvage if secondary ischemia is promptly de
tected before the onset of the no-re flow phenomenon. 

In general, v iability is easier to evaluate in skin-containing free flaps than in flaps containing only 
muscle, bone, or v iscera. Cl inical observation of skin color, capil lary refi l l ,  or postpuncture dermal 
bleeding is a simple and valuable method of flap assessment. A mul t i tude of more sophist icated 
methods have been used, including intravenous fluorescein (either conventional bolus techniq ue or 
via low-dose sequential dermatofluorornetry), surface Doppler monitoring, temperature probes, laser 
Doppler flowmetry, tissue pH readings, pulse oximetry, and direct tissue oxygen measurement (v ia  
transcutaneous or implantable PO, electrodes) .  Depending on the particular setting, strong argu
ments can be made on behalf of so�ne or all of these techniques. Yet in  experienced hands, c l in ical 
observation of skin-containing free flaps remains the most useful and reliable monitoring technique. 
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8 1 .  PRI NCI PLES O F  FASCIA A N D 

FASCIOCUTAN EO US FLAPS 

Geoffrey G. Ha llock , M . D .  

1 .  Define the term fasciocutaneous flap. 
According to Tolhurst, any flap that contains fascia  with the intent to augment its c irculation is a 

fasciocutaneous flap. Lamberty d isagrees with so s impl is t ic  a v iewpoint ,  arguing that a spec i fic 
known "septocutaneous" perforator that discretely supplies the fascia must be included. A broader 
yet reasonable defin i t ion comes from Foad Nahai, who states that fasc iocutaneous flaps are skin 
flaps made more reliable by inclusion of the deep fascia, which usual ly ensures preservation of the 
skin circulation. 

2. Fascia! perforators can be grouped into what two basic types according to their pathway 
from underlying source vessels'? 

The chaotic nomenclature for skin flaps uses descriptive terms such as "ax ial," "random," "direct 
cutaneous muscle branch," and "septocutaneous" to name vessels  that ul t imately reach the skin .  I t  
can be  vastly simpl i fied by  considering that skin perforators are e ither direct o r  i ndirect. Direct per
forators (e .g . ,  axial or septocutaneous) course from the source vessel of a given angiosome to the 
skin w i thout first supplying some other deep structure. Indirect perforators (e .g . ,  musculocuta
neous), on the other hand, are minor, terminal branches of vessels that primari ly  nourish deep struc
tures such as bone or muscle; they have only a secondary role in contribut ing to skin c irculation. 

Axial 

Septocutaneous 

Muscutocutaneous Deep Fascia 

Source Artery 

Pathways of the various cutaneous perfora1ors that pierce 1he deep fascia to supply the fascia! plexus. (Courtesy 
of Carol Varma, Medical I l lustrator, The Lehigh Valley Hospital, Al lentown, PA. )  

BASIC ANATOMY 

3. Describe the vascular contributions to the fascia! plexus. 
The fascia! plexus represents the confluence of mult iple, adjacent vascular networks and their 

branches emanating from direct or indirect skin perforators. In tercommunications among these net
works exist at the subfascial ,  fascia! ,  suprafasc ial, subcutaneous, and subdermal levels .  
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4. What is the role of the deep fascia in  most fasciocutaneous tlaps? 
Although the deep fascia has an intrinsic microcirculation, for all practical purpo es i t  is avascu

lar. Its real value, when included as part of a fasciocutaneous flap, may be to prevent injury to the 
more vascular suprafascial portion of the fascia I plexus. 

5. Can a fasciocutaneous tlap be neither fascia! nor cutaneous'? 
Because the deep fascia adds l i ttle to the overall circulation of a fasciocutaneous flap, it may be 

excluded as long as the vasculature within the overlying tissues is kept intact. This vasculature nor
mally is more than enough to ensure v iabil ity of what then would be a non-fasciocutaneous flap. The 
skin as the end-organ of the fascia! perforators is actual ly superfluous and also may be excluded 
without affecting flap rel iabil ity. 

6. Describe the composition of the subcutaneous tlap and the adipofascial flap. 
If both the skin and deep fascia are excluded from a fasciocutaneous flap, the result is a subcu

taneous flap. S imilarly, retaining the deep fascia without the skin component creates an adipofascial 
flap. Because a major portion of the fascia! plexus remains intact in both, they are s imply variants of 
fasciocutaneous flaps, differing only in their composition. 

7. Name the three subtypes of fasciocutaneous flaps using the Cormack-La mberty and 
Nahai-Mathes schemas. 

Both major classification schemas categorize fasciocutaneous flaps into three subdivis ions ac
cording to the origin of their fascia! perforators. 

Cormack-Lamberty Classification of Subtypes: 
Type A:  M ult iple perforators (with no discrete origin; may be a combination of direct or in

direct (more common) perforators 
Type B :  Sol itary perforator (single, usually direct, perforator) 
Type C: Segmental perforators (multiple, but arising periodical ly  from the same underlying 

source vessel) 
Nahai-Mathes Classification: 

Type A: Direct cutaneous perforator (similar to the older tenn axial) 
Type B :  Septocutaneous perforator (courses along an intercompartmental or intermuscular 

septum) 
Type C: Musculocutaneous perforator ( indirect) 

Cormack & Lamberty 

Type A: Multiple Type B: Solitary 

Nahai & Mathes 

Type A: Direct Cutaneous Type B: Septocutaneous 

Type C: Segmental 

Type C: Musculocutaneous 

The two major classification schemas for fascia naps according to their source of fascial perforators. (Courtesy 
of Carol Varma, Medical I l lustrator, The Lehigh Valley Hospital, Al lentown, PA.) 
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8. Discuss similarities of the subtypes of the Cormack-Lamberty and Nahai-Mathes classifi
cation schemas. 

Co1mack-Lamberty type A has multiple perforators, often including indirect musculocutaneous 
perforators, and thus resembles Nahai-Mathes type C. 

Cormack-Lamberty type B has a single perforator that may go directly to the skin, l i ke Nahai
Mathes type A, as exempl i fied by the groin flap (superficial circumflex i l iac perforator). I f  the perfo
rator also passes between muscles in a septum, it is equ ivalent to Nahai-Mathes type B ,  as 
exempl i fied by the inferior cubi tal artery, which traverses the lateral intermuscular septum before 
supplying the antecubital forearm flap. 

Because segmental perforators usual ly emanate from a source vessel within an intercompart
mental septum (e.g. ,  branches of the posterior radial  collateral vessels in the lateral intermuscu lar 
septum that supply the lateral arm flap), such Cormack-Lamberty type C flaps are identical to Nahai
Mathes type B flaps. 

9. In what body regions do direct fasciocutaneous perforators predominate compared with 
musculocutaneous perforators? 

Because most perforators strictly associated with the fasciocutaneous system arise from inter
compartmental or intermuscular septa, they are more prevalent wherever long, slender muscles are 
found, as in the extremit ies. In contrast, musculocutaneous perforators are more numerous, arising 
from the broader and flatter muscles associated with the trunk, where muscu lar septa are few and 
far apart. 

BASIC PHYSIOLOGY 

10. How does the axis determine the proper orientation in designing a fasciocutaneous flap? 
The predominant direction of blood flow within a given fascia! plexus determines its axis. For 

the most part the flow is longitudinal in the extremities and somewhat oblique or transverse in the 
torso. A flap designed or oriented along the direction of this axis maximizes its potential length by 
encompassing the greatest potential blood supply. 

1 1 .  Explain the robustness of sensate fasciocutaneous or so-called neurocutaneous flaps. 
Suprafascial paraneural vessels, arising either directly from regional source vessels or second

ari ly from the surrounding fascia! plexus, supply not only the given cutaneous nerve but also the 
skin along the course of the nerve v ia the formation of "choke" or even true anastomoses between 
networks of fascia! perforators. Thus, the predominant direction of flow or axis follows the course 
of the nerve. Any flap (sk in + nerve = neurocutaneous) oriented along the same course as the 
nerve probably has the potential to capture the maximal blood flow of  any s imi lar flap from that 
region. 

12.  What landmarks can be used to determine the appropriate orientation of neurocutaneous 
flaps in the extremities? 

The major superficial  venous channels in the extremities serve as the means for outflow from 
the paraneural plexus and thus tend to parallel the cutaneous nerves. The sural flap ( lesser saphenous 
vein, medial cutaneous sural nerve) and cephalic flap (cephal ic vein, lateral antebrachial  cutaneous 
nerve) are two examples in which inclusion of the anatomically obvious vein automatically incorpo
rates the nerve within the flap. 

13. What is the arc of rotation of a fasciocutaneous flap? 
The distance from the base of the vascular pedicle to the maximal safe length of the flap deter

mines the range of coverage or arc of rotation through which the local fasciocutaneous flap can be 
transposed. 

14. How can the pedicle of each type of fasciocutaneous flap be lengthened to increase its arc 
of rotation? 

Cormack-Lamberty type A. Dissect indirect perforators proximally, usually through muscle. For 
example, the periumbilical perforator flaps are sustained by and include the deep inferior epigastric 
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vessels, but they are notable for possibly incorporating no portion whatsoever of the rectus abdo
minis muscle. This technique can be tedious. 

Cormack-Lamberty type B. Enter the intercompartmental or intennuscular septum and fol low 
the perforator to its origin from its nonexpendable regional vessel. For example, trace the circumflex 
scapular artery (scapular flaps) back to the subscapular artery, ending at the latter's origin from the 
axil lary artery. 

Cormack-Lamberty type C. Include the entire source vessel wi th the flap, as is often done 
with the radial artery of the radial forearm flap, which ends at the bifurcation of the brachia!  a1tery. 

15. How do you determine the maximal length of a fasciocutaneous flap? 
Safe l imits ,  such as length-to-width ratios of 2: I for the lower extremit ies, have been deter

m ined only by trial and error. There are no set rules because perforators to the fascia! system are fre
quently anomalous not only among individuals but also for opposite sides of the ame individual .  
Whereas a safe or expected range for a local fasciocutaneous flap can be extrapolated from the expe
rience of other surgeons, the maximal arc of rotation remains conjectural. 

16. Who was Ponten? What were his superflaps? 
Bengt Ponten of Sweden is generally credited with reintroduction of the concept of the fascio

cutaneous flap. He found that undelayed, cutaneous flaps in  the lower leg, if  oriented longitudinally 
with retention of the deep fascia, have extraordinary viabil ity, even with a 3 :  I length-to-width ratio. 
H i storical ly, only I :  l flaps (without the fascia) were considered safe. Such flaps were proxi mal ly 
based and sensate; no d iscrete perforator was identified ( i .e . ,  Cormack-Lamberty type A). They may 
be considered identical to neurocutaneous flaps of the lower extremity, which have a robustness that 
has proved to be more than just a coincidence. 

17. Define a distal-based fasciocutaneous flap. 
For muscle flaps, distal-based impl ies that the vascular pedicle enters the boundary of the flap 

farthest from the heart or its dominant vascular supply. The former condition is more relevant to fas
ciocutaneous flaps, because flow in the fascia! plexus may be multidirectional. Therefore, distal fas
cia! perforators can be individually selected so that they are just as dominant as a proximal perforator 
to the same donor territory. 

18. Name the primary advantage of a distal-based fasciocutaneous flap. 
Proximal skin territories known to be reliable can be transposed on a distal pedicle for potential 

coverage of acral defects of extremities; otherwise a free flap may be the only acceptable opt ion. 

19. Are distal-based flaps and retrograde-flow flaps different? 
Sometimes they can be the same. Retrograde-glow flaps usually are distal-based flaps in which 

both arterial inflow and venous outflow to the proximal skin territory is in a reverse direction from 
nonnal. For example, in a distal-based radial forearm flap the radial artery i s  perfused via the u lnar 
artery through an intact superfic ia l  palmar arch. Yet the distal perforator sustaining a dis tal-based 
flap, i f  appropriately selected, may still have an orthrograde pattern of flow; for example, the radial 
recurrent artery supplying the distal-based lateral arm flap. Suffice it to say that a d istal-based flap 
may be the same as but i s  not synonymous with a retrograde-flow flap. Furthermore, reverse flow 
does not necessarily mean retrograde flow. 

20. How does venous regurgitation occur in a retrograde-flow flap? 
Nonnally, reversal of venous outflow is  obstructed by valves. There are two current hypotheses 

to explain the cl inical observation of venous regurgitation in  retrograde-flow flaps despite the valves: 
( 1 )  the bypass theory, which postulates some alternative anatomic strncture for venous flow that has 
no valves, and (2) the incompetent valve theory, which suggests that some intrins ic  or extrinsic 
physiologic factor overcomes the normal function of the valve and renders i t  nonfunctional. The next 
time you dissect a major l imb artery, careful ly check the two venae comitantes and note that numer
ous communicating branches cross over the artery between them. Instead of being a mere nu isance 
that h inders d issection of that artery, these branches may be an important avenue for c ircumventing 
the valves in that segment of veins. 
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Mechanisms that A llow Reversal of \le11011s Outflow in Retrograde Pe1.fi1sed 
Fasciocu1C111eo11s Flaps 

Bypass via alternative venous pathways 
I .  Macrovenous ( involving the venae co111 itantes) 

• Interconnecting communicating branches between comitantes 
• Collateral branches that go prox imal and distal to the valve to rejoin the same comitante 

2. Microvenous (avalvular veins acco111panying the venae arteriosae) 
3. Avalvular vein segments 

Valve incom1>etency 
I .  Intrinsic (alterations in valve structure) 

• Structural ano111al ies preventing cusp contact 
• Intrinsic smoorh muscle contractions 

2. Extrinsic 
• Jntralu111inal factors 

Excessive luminal distension 
Overcome by increased prox i111al/distal pressure gradient 

• Extraluminal factors: exrernal pressures opening the valve 

21 .  How is Allen's test relevant to the Chinese tlap? 
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Because the radial forearm flap init ia l ly was developed by the Chinese, i t  is  referred to  as the  
Chinese flap. I f  the  radial artery is  included with the flap, the  ulnar artery must mainrain satisfactory 
collateral circulation to the hand. Compression of both arteries at the wrist followed by release only 
of the ulnar artery must demonstrate complete perfusion of the hand (a negat ive Al len's test) .  
Otherwise, sacrifice of the radial artery is too dangerous. 

22. What is the superficial ulnar artery trap'? 
The superficial ulnar artery trap is an excellent example of potent ia l ly disastrous complications 

due to anomal ies that p lague the fasciocutaneous system of fl aps. Normal ly, the ulnar artery lies 
deep within the medial intermuscular septum of the forearm. However, in about 9% of individuals i t  
may lie superficial to the deep fascia; thus,  the unsuspected inclusion of a l l  suprafascial structures 
within a radial forearm flap would total ly devascularize the hand. 

23. What is the least reliable subtype of fasciocutaneous flaps'? 
Flaps based on indirect perforators (Cormack-Lamberty type A or Nahai-Mathes type C) are ex

pected to have the least predictable perfusion. All other flap subtypes are more reliable. 

A PPLI ED A N ATOMY 

24. What is Becker's tlap'? 
The terri tory of the Becker flap (named after the noted anatomis t )  corresponds to the dorsal  

ulnar border of the forearm. Becker described a fairly constant dorsal branch of the ulnar artery that 
suppl ies this region. Because its point of piercing the deep fascia is only a few centimeters proximal 
to the pis iform, it can be used as a distal-based island flap (with orthograde perfusion) by taking the 
prox imal u lnar forearm skin to provide hand coverage without sacrificing the ulnar artery. 

25. Why has the groin tlap fallen into disfavor? 
Although the groin flap is s t i l l  valuable as a broad-based type B Cormack-Lamberty pedicled 

fasciocutaneous flap, its use as an isl and or free flap is  hampered by the high frequency of vascu
l ar anomalies. The groin flap is  an important example of this not-so-uncommon and major prob
lem wi th  the fasc ia  flaps as a group .  The groin is  nourished med ia l ly  by both the superfic i a l  
c ircumflex i l iac (SCIA) and superficial inferior epigastric (SIEA) arteries and latera l ly by  contribu
tions from the deep circumflex i l iac arrery. Reciprocal relationships in size or variat ion even in the 
presence of these vessels is  the norm. In 48% of cases, the S I EA and SCIA share a common origin, 
the common femora l  artery. They may be inverse ly rel ated or equal in di ameter, or one may be 
missing al together. 
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26. Name the muscles that define the boundaries of the triangular space. 
The teres minor superiorly, the teres major inferiorly, and the long head of the triceps muscle 

lateral ly form a potential triangular opening located just superior to the posterior axilla. 

Circumflex Scapular 
artery 

Triangular space 

Teres minor 

Quadrilateral space 

Posterior humeral 
circumflex artery 

Long head of triceps 

The boundaries of the triangular and quadrilateral spaces. (Courtesy of Carol Vanna, Medical I l lustrator, The 
Lehigh Valley Hospira!, Al lentown, PA.) 

27. The anatomic i mportance of the triangular space is due to what direct fascia! perforator 
that emanates from it? 

The l argest branch of the subscapular artery usual ly is the circumflex scapular, which i n  turn 
passes th.rough the triangular space and terminates in cutaneous branches that radiate l ike spokes of 
a wheel to supply many named upper back fasciocutaneous flaps. Examples include the ascending 
scapular, scapular ( transverse branch), parascapular (descending branch), and inframammary ex
tended circumflex scapular flap (unnamed branch). 

28. The dorsal thoracic fascia more commonly is known as the source of what fasciocutaneous 
flaps? 

The upper back fascia is synonymous with the dorsal thoracic fascia and is mainly supplied by 
the cutaneous branches of the c i rcumflex scapular vessels .  Thus, portions of this fascia can be 
grouped with the better known grouped scapular or parascapular flaps. 

29. Name the muscles that define the boundaries of the quadri lateral space. 
The long head of the triceps forms the medial side, the teres major the inferior side, and the teres 

minor the superior border. The humerus defines the lateral side. (See figure above.) 

30. What important structures that traverse the quadrilateral space form the neurovascular 
pedicle to a sensate upper-arm fasciocutaneous flap? 

The posterior c i rcumflex humeral vessel s  and axil lary nerve pass through the quadrilateral 
space. A cutaneous branch of the former and the lateral brachia!  cutaneous ner e from the l atter 
supply the deltoid flap, which is a potentially sensate flap from the upper outer arm. 

31 .  Perhaps the most notorious l iabil ity of the fasciocutaneous flap is potential morbidity of 
the donor site, especially if a skin graft is needed. How can this risk be minimized? 

Any flap variants not incorporating the cutaneous component (such as the subcutaneous, fascia!, 
or adipofascial flaps) leave behind the original skin with its i ntact subdermal plexus, which can be 
used to close its own donor site. I n  patients with local skin redundancy, primary c losure may sti l l  be 
possible with fasciocutaneous flaps i f  the desired flap i s  small or pretransfer or posttransfer tissue 
expansion i s  chosen.  Its geometric design may intentionally al low a local flap to c lose the defect 
with simultaneous closure of the donor site, such as with a V-Y advancement or a bi l obed fasciocu
taneous flap. 
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32. Name several advantages of fascia fla1Js compared with muscle flaps. 
Most importantly, no functioning muscle has to be expended. Fascia flaps are readi ly accessible 

because they are near the skin surface; thus, dissection does not usual ly r isk morbidity to important 
underlying neurovascular structures. If a cutaneous nerve can be incorporated into the design, true 
sensate flaps can be transferred. 

Fascia vs. Muscle Flaps: Advantages and Liabilities 

Access ib i l ity 

Compound or composite flaps 

Coverage of the infected or irradiated wound 

Donor site morbidity 

Dynamic transfer 

Expendabi l ity 

Mal leabi l ity 

Potential no. of donor sites 

Rel iabil ity 

Sensate 

S ize 

Use as free flap 

FASCIOCUTANEOUS MUSCULOCUTANEOUS 

+ 

+ 
+ 
+ 

+ 
+ 

± + 
+ 

( +) = asset; (-) = deficiency; ( =) = same. 

33. Identify the source vessel and classify by subtype these 10 commonly used fascia flaps. 

Fascia Flap Source Vessel C-L Type N-M Type 

I .  Temporoparietal Superficial temporal B A 

2. Lateral arm Posterior radial c B 
col lateral 

3 .  Radial forearm Radial c B 

4.  Ulnar forearm Ulnar c B 

5 .  Groin Superficial c ircumflex B A 

il iac or inferior 
ep i gastric 

6. Saphenous Descending geniculate c A 

7. Peroneal* Peroneal c B 

8. Scapular parascapular Circumflex scapular B B 

9.  Posterior interosseous Posterior interosseous c B 

1 0. G luteal thigh Inferior gluteal B A 

C-L = Cormack-Lamberty schema, N-M = Nahai-Mathes schema. 
* Usual ly raised as part of a composite fibular flap. 
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8 2 .  PRI N CI PLES O F  M U SCLE AN D 

M USCU LOCUTAN EOU S  FLAPS 

Geoffrey G .  Ha llock. M . D . 

BASIC ANATOMY 

1 .  When can a muscle be used as a flap'? 
Any organ with a discrete, intrinsic arteriovenous network can be used as a means for vascular

ized tissue transfer, and muscle is no d ifferent. Of course, the size of the muscle nourished by the de
sired vascular pedicle must be taken into consideration according to the reconstructive needs; and. as 
with any t issue used as a vascularized flap, sacrifice of its normal function must be acceptable. 

2. Where do the vascular pedicles enter muscles·? 
The motor nerve(s) of a muscle is always accompanied by a vascular pedicle. which typically is 

the major source of c irculation. However, the reverse is not necessarily true. Virtual ly every muscle 
has mult ip le other vascular sources perhaps serving as col laterals, often at the s i te f muscle origin 
or i nsertion. These may be highly variable, usual ly overlooked in most anatomy textbooks, and fre
quently insignificant from a surgical standpoint. 

3. Compare the terms dominant, minor, and segmental in reference to the vascular pedicle of 
a muscle. 

The dominant pedicle to a muscle usually can sustain the entire muscle when all other collat
eral sources have been el im inated. A minor pedicle can also be of reasonable s ize.  but can maintain 
only a portion of the given muscle. Previously, the dominant pedicle of a muscle that has other minor 
pedicles was termed the major pedicle, an important d ist i nction-often the portion of that muscle 
supplied by the minor pedicle would become precarious when only the major pedicle was left intact. 
Many muscles have multiple. independent sources of blood supply that each only nourish small por
t ion or segments of the muscle, and hence these have been termed segmental pedicles. 

4. Based on pedicle type, which muscles are most or least likely to be versatile as muscle flaps'? 
Muscles with a single, dominant pedicle that can sustain the enr irety of a large muscle will be 

the most usefu l .  Although immediately adjacent segments of a muscle may survive based on their 
neighbor's segmental pedicle, only a relat ively smal l portion of that muscle could be expected to 
retain viabil ity if the majority of segmental pedicles were div ided. Predictably, these muscles have 
the most l imited role. 

5. Why are secondary segmental pedicles important'? 
Ln addition to a dominant pedicle, some muscles have a supplemental source of vascularization 

via an array of pedicles that each independently supply only a segment of the muscle. but i f  retained 
as a group can often also sustain the entire muscle if the dominant pedic le were l igated, creat ing a 
"reverse" muscle flap that s t i l l  maintains orthograde flow through the segmental pedicles. 
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6 .  Classify muscle flaps according to  their mode of  innervation. 
Taylor has developed a schema to classify muscles according to an increasing complexity or in-

nervation, and concomitant d imin ished sui tabil ity for dynam ic muscle transfer: 
Type 1 :  S ingle, unbranched nerve enters muscle 
Type 1 1 :  S ingle nerve, branches just prior t o  entering muscle 
Type I l l :  M u lt iple branches rrom the same nerve trunk 
Type I V: Mult ip le branches from d i fferent nerve trunks 

Type I Type II Type III  

Latissimus dorsi Vastus Latera lis Sartorius 

Type IV 

Rectus abdominis 

Class i fication of  111uscle rlaps according to their 111ode of innervat ion .  ( Courtesy of  Carol Var111a. Medical 
I l lustrator. The Lehigh Val ley Hospital. Allentown. PA. )  

7.  Classify muscle flaps according to their source of  vascular supply. 
J ust as the nerve supply to m uscles i s  h ighly variable, so i s  the c i rcu lat ion .  The now class ic 

schema of  Nahai  and Mathes has d iv ided muscles into groups accord ing to their  principal means of 
blood supply :  

Type I :  
Type I I :  
Type I l l :  
Type I V: 
Type V: 

Type I 

S ingle pedicle 
Dominant pedicle(s) ,  with minor ped icle( s)  
Dual dominant pedicles 
Segmental pedicles 
Dominant pedicle,  with secondary segmental pedicles 

Type II Type Ill Type IV 

D, 

Gastrocnemius Trapezius Serratus 
Anterior 

Tibial is 
Anterior 

Type V 

I) 

Internal 
Oblique 

s 

Classification of muscle flaps according to their vascular supply. (Courtesy of Carol Varma. Medical I l lustrator. 
The Lehigh Valley Hospital. A l lentown. PA. )  
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8. Name the most common vascular pattern of muscle flaps. 
Most muscles fal l  into die type II group. When dissected cl inically, type l and type I l l  muscles 

often have anomalous collateral branches (very minor) that probably evolved as a afety feature in 
case the dominant pedic le were ever d isturbed. By defin i t ion, this would make both these c lasses 
type TI muscles as wel l .  

BASIC PHYSIOLOGY 

9. According to their vascular pattern, which muscle types would be most or least reliable? 
Those with a recognized dominant pedicle would be most reliable, i .e . ,  types I, ill, V, as complete 

muscle v iabi l i ty could be sustained by a s ingle vessel . Sometimes the muscle territory of a minor 
pedicle i s  poorly captured by the dominant pedicle in a type I I  muscle. Due to their segmental means 
of perfusion, type IV muscles would potentially allow only small flaps that have l imi ted application. 

10. Describe the standard arc of rotation of a muscle flap. 
When used as a local flap, the range or extent of reach of the muscle when transposed about its 

point of rotat ion or dominant vascular pedicle is its standard or usual arc of rotation. 

1 1 . What is the arc of rotation of a reverse muscle flap? 
If the muscle c irculation i s  based on secondary pedicles instead of the dominant pedicle, and 

since this array is often on the opposite side of the muscle, a so-called distal-based flap can be ele
vated w ith a more d istal or reverse area of coverage. The reverse d i rection of transposit ion of the 
muscle would then be restricted by the group of secondary pedicles as the new point of rotat ion. This 
should not be confused with a reverse flow flap, such as a latissimus dorsi muscle perfused retro
grade v i a  the serratus branch of the thoracodorsa l ,  where the range w i l l  be s l ight ly less than the 
standard arc of rotation as the point of rotation remains virtually unchanged. 

1 2. Explain the concept of function preservation. 
If a port ion of  a muscle is left at its donor s i te w ith intact origin,  insert ion.  and innervation, 

some function wi l l  be preserved whi le the remainder of the muscle i s  used elsewhere as a flap. This 
can be achieved by spl i t t ing the muscle into segments, each served e ither by a different dominant 
pedicle (e.g. ,  hemisoleus) or by individual econdary segmental pedicles (e .g . ,  reverse lat iss imus 
dors i ) ,  or i f  separated at  the bifurcation of a major branch of the dominant pedicle co maintain a dis
t inctly separate means of circulation throughout all parts of the muscle. 

13. How are arterial territories l inked within a muscle flap that has multiple pedicles? 
Arterial connect ions wi th in a g iven muscle between d isparate regions contro l led by double 

dominant pedicles, major or m inor pedicles, etc., are via so-called small cal iber "choke" arteries that 
al low bidirectional flow. An important example is the lower transverse rectus abdominis musculocu
taneous (TRAM) flap where the superior epigastric pedicle captures the territory of the deep inferior 
epigastrics via choke anastomoses at the level of the umbi l icus. 

14. What is the relationship of veins to corresponding arteries in  muscles? 
Fortunately, a "mirror image" of venous territories paral le l ing that of the arteries is present. 

Venous outflow typically is directed toward die major arterial pedicle in  the given arterial territory. 

15. How are venous territories l inked within a given muscle? 
Just as arterial territories in a given muscle are l inked by bidirectional choke arteries, venous flow 

from one territory to another can occur through "osci l lating" veins which are devoid of valve . Thus 
in the lower TRAM flap, venous outflow normally directed toward the groin, if re� urgitant, can pro
ceed in a reverse direction cephalad across the osci l lating veins into the superior epigastric system. 

M U SCU LOCUTA N EOUS FLAP PHYSIOLOGY 

16. How are myocutaneous flaps different from musculocutaneous flaps? 
Both are composi te flaps in which the muscle serves as the vascular carrier of the overly ing 

skin, fat, and fascia. The terms are used interchangeably. 
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17. By what means does the skin paddle of a musculocutaneous flap normally obtain its blood 
supply? 

Although direct cutaneous branches from the major vascular pedicle of a muscle flap can pass 
directly to the skin, more typically this nourishment occurs via smal l  terminal branches or musculo
cutaneous perforators that pass first through the muscle to ultimately supply the skin paddle. 

18. Can any configuration of skin attached to a muscle always be expected to survive? 
S ince musculocutaneous perforators can have random origins, be sparse in number, or spread 

widely apart throughout a muscle, if none happen to be included within the desired skin paddle i t  
wi l l  d i e .  Also, i f  based distal ly or  far from the dominant pedicle ( i .e . ,  on the  other s ide of a series 
of choke arteries or osc i l lat ing veins), al though arterial c i rcu lation may be adequate, venous out
flow could be obstructed by valves leading to necrosis secondary to venous congestion. 

19. Name some indirect methods to ensure viability of the skin paddle when raising a musculo
cutaneous flap. 

A. Include as many musculocutaneous pe1forators as possible: 
I .  The cutaneous component should be broad-based; 
2. Bevel the subcutaneous portion outward from the skin over as wide an area overlying the 

muscle as possible. 
B .  Avoid distal skin paddles, especially those distal to the intersection of several territories in a 

given muscle, as valves can potent ially obstruct outflow and cause venous congestion. 

20. Can m usculocutaneous perforators be identified d irectly nonoperatively to ensure their 
inclusion? 

Color duplex ultrasound can identify musculocutaneous perforators, from which a map of their 
location can be created. Not only can their size be calibrated, their d irectional i ty and magnitude of 
flow can also be determined to establish a hierarchy of dominance in that skin territory. An audible 
Doppler may be more accessible for bedside use, but is more subjective for finding the location and 
estimating dominance of a given perforator. 

21 .  It has been postulated that the "delay" of a muscle/musculocutaneous flap is achieved 
through alteration of what venous physiology? 

The venous valves in the affected territory after delay maneuvers become regurgitant. For exam
ple, divis ion of the deep inferior epigastric vessels 2 weeks prior to elevation of a superior-based 
lower TRAM flap may ensure greater skin paddle survival, as venograms have shown that the direc
tion of venous outflow is redirected away from the groin unencumbered as the venous valves have 
become incompetent. 

22. Will a transposed m uscle flap or musculocutaneous flap undergo neovascularization more 
rapidly to allow pedicle independence? 

Neovascularization or the ingrowth of new vasculature from any recipient s ite depends on the 
quality of its bed and tissues at the perimeter. I f  either is marginal, no neovascularization may occur, 
and the flap remains pemrnnently dependent on its original pedicle for survival. However, neovascu
larization at the skin level occurs more rapidly due to the ubiquity of small vessels of  the de1mal and 
subdemrnl plexus, so a musculocutaneous flap would become pedicle-independent more quickly. 

23. When compared to fascia flaps, what are some major advantages of m uscle flaps? 
l .  M uscle flaps, perhaps because of superior blood flow rates, are the better choice for wounds 

compromised by infection or irradiat ion. 
2. Muscle flaps are more malleable and conform better to multidimensional wounds. 
3. The vascular anatomy of muscles is  general ly more rel i able because anomal ies are less 

common, which simplifies intraoperative decision making. 
4. Dynamic, functioning transfers are possible. 

24. While never a problem with a fascia flap, what is the greatest l iability of a muscle flap? 
In spite of using function preservation techniques, the selection of a muscle flap always sacri

fices some function. The given muscle must be expendable; otherwise, it cannot be a flap option. 
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Allri/Jutes a11d Liabilities of Muscle vs. Fascia Flaps 

FASCIOCUTANEOUS MUSCU LOCL IANEOUS 

Accessibility 
Compound or composite flaps 
Coverage of the infected or 

irradiated wound 
Donor site morbidity 
Dynamic transfer 
Expenclabil ity 
Malleability 
Potential number of donor sites 
Reliability 
Sensate 
Size 
Use as a free flap 

+ 

+ 

± 
+ 

+ 

+ 

+ 

+ 

± 

(+) = asset, (-) = deficiency. (=) = same. 

APPLI ED ANATOMY 

25. The rectus femoris, vastus lateralis, and tensor fascia lata ( TFL) muscles are supplied by 
which branches of the lateral circumflex femoral artery? 

Three-quarters of the t ime the lateral c ircumflex femoral artery arises from the profunda 
femoris, or the femoral artery directly. lrs terminal or ascending branch suppl ies the TFL, and a de
scending branch goes to the rectus femoris and vastu lateral is  muscles, as wel l  as a transverse 
branch to only the latter. 

26. What are the two workhorse muscle flaps of the leg and their corresponding range'? 
The medial and lateral heads of the gastrocnemius muscle can independently cover the knee and 

upper third of the leg. The soleus muscle is the muscle of choice for the m iddle third.  Lower third leg 
and foot defects are often " free flap country," as no large muscle units are available nearby. 

27. Which gastrocnemius muscle has the longer reach? 
The medial head, because the lateral head must pass around the head of the fibula to reach any 

proximal le5 , '"ct .  In addition, the medial head is normally several centimeters longer at its inser
tion 10 begin with---ca� · :ome bare calves to prove d1 is point. 

28. Whut important structures help demarcate the two heads of the gastrocnemius muscle? 
Just proximal to the i r  insert ion into the Achi l les tendon, the two heads of the gastrocnemius  

muscle may decussate together requ iring sharp dissection for their separation. The lesser saphenous 
vein and median cutaneous sural nerve typically pass in the mid l ine between these two muscle 
heads, and are important landmarks to preserve. 

29. What does the internal oblique muscle have in common with the pectoralis major and 
latissimus dorsi muscles? 

All are type V muscles on the basis  of their blood supply. The dominant pedicle to the internal 
oblique muscle i s  the ascending branch of the deep circumflex i l iac artery, with sec ndary segmental 
pedicles from the thoracic and lumbar arteries. 

30. For a defect at the given site, provide the local muscle flap of choice for coverage if available. 
I .  Orbit 4. Cervical spine 7.  Perineum ___ _ 

2. Upper sternum 5. Thoracic spine 8 .  Hip  
3 .  Xiphoid 6. Sacrum 

Answers: see next page. 
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31 .  Name the blood supply and corresponding type of these I O  commonly used muscle flaps. 

I .  

2. 

3. 
4. 
S .  
6 .  
7 .  

8. 
9. 

1 0. 

Muscle Flap Source Vessel N-M Type 
Pectoral is major Thoracoacromial internal Type V 

mammary 
Rectus abdominis Superior and deep inferior Type 1 1 1  

epigastric 
Tensor fascia Iara Lateral circumflex femoral Type I 
Rectus femoris Lateral circumflex femoral Type I I  
Graci I is Medial circumflex femoral Type I I  
Trapezius Transverse cervical Type I I  
Lat issimus dorsi Thoracodorsal, lumbar, and Type V 

posterior intercostal 
Gluteus maximus Superior and inferior gluteal Type I I I  
Gastrocnemius Sura I Type I 
Soleus Popliteal, posterior tibial, Type I I  

peroneal 

10 

A nswer to quest ion 30: ( I )  Temporal is; ( 2 )  Pectoral is  major; ( 3 )  Rectus abdominis; (4 )  Trapezius:  (5 )  Lat is
simus dorsi ( reverse): (6) G luteus max imus; ( 7 )  Tensor fascia lata; and ( 8 )  G raci I is .  
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8 3 .  PRI N C I PLES O F  MJCROVASCU LAR 

FREE TISSU E TRAN S FE R  

Rudolf F Bun t ic ,  M D ,  and Harry ) .  Bundze, M . D . 

1 .  What is a microvascular free tissue transfer? 
A microvascular free tissue transfer (a lso known as a microvascular transplant ) involves trans

planting expendable donor t issue from one part of the body to another. The r issue musr be able to 
surv ive on a s ing le-pedicled blood supply with an artery and drain ing ve in .  With microsurgical 
techniques the transplanted part is reanastomosecl to recipient site vessels to reestablish b lood flow. 
I t  is essential ly an autotransplant. 
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2. What are the indications for a microvascular free tissue transfer? 
M icrosurgical transplants have multiple indications, often to reconstruct complex wounds with 

complex tissue loss. Common indications include reconstruction after tumor ablati n ,  reconsu·uction 
of congenital defects, reconstruction of chronic wounds, and reconstruction after trauma. 

3. What are the success rates of microsurgically transplanted tissues? 
Tissue surv ival rates in microvascular free flaps were around 80% in the 1 970s and have now 

improved to over 95%. Survival rates of 98- 1 00% for some transplants is  common. 

4. Which donor tissue should be chosen? 
The choice of donor s ite in microsurgery requires multiple considerations and planning. S ize 

of the donor tissue, type of wound, pedicle length, and location of wound and donor deformity play 
a role in select ing the appropriate fl ap. The s ize of the donor t issue must adequately cover the 
wound. Different types of wounds require different donor tissues. Wounds on the hand may require 
p l iable t issues with tendon or even bone to complete the reconstruct ion .  For i stance, loss of a 
thumb is best reconstructed by a toe, whereas osteomyelit is of the tibia is best Lreated by a muscle 
transplant. The donor t issue must have a pedicle length that can reach appropriate vessels i n  the re
c ipient area. Long vascular pedicles may be required if appropriate rec ipient vessel s  are not near 
the wound. The donor deform ity also needs to be considered to min imize scarring and potential  
loss of function. 

5. Who should perform microsurgery? 
M icrosurgical procedures should be performed under the direction of a ski l led microsurgeon. 

Meticulous technique and experience play the greatest role in success. Fine handling and dissecting 
of small blood vessels should be learned in the laboratory while c l inical operative responsibi l ity is 
gradually increased. 

6. What role do anticoagulants play in microsurgery? 
The role of routine postoperative anticoagulation in microsurgery has not been determined pre

cisely. In elective microvascular transplants there are no definitive indications for anticoagul at ion. 
Surgeon preference plays a role in the choices made. Anticoagulation is  believed by some to reduce 
the chance of postoperative Lhrombotic complications at the anastomosis site. However, anticoagula
tion may increase the chance of hematoma at both the donor and recipient s i tes, and, in rare c i rcum
stances, anaphylaxis has been reported with the use of dextran. If postoperative clotting becomes 
evident and requires reexploration, anticoagulation is  usual ly indicated if the flap is  salvaged. The 
most common pharmacologic agents used in routine postoperative care are aspirin and dextran . 
Intravenous heparin is general ly used when problems such as postoperative tJu·ornbosis are encoun
tered. A survey of 73 centers in 22 countries revealed equal success rates for tran ·plants perfonned 
with or without anticoagulation. 

7.  What is the no-reflow phenomenon? 
Failure to reperfuse an ischemic organ after reestabl ishing blood supply i s  known as the no

reflow phenomenon. The mechanism is bel ieved to be related to endothelial injury. platelet aggrega
tion, and leakage of intravascular fluid. The severity of this effect is corre lated wiLh ischemia time. 

8. What methods can be used to minimize ischemia? 
General ly muscle does not tolerate warm ischemia well for more than 2 hours. Skin and fascio

cutaneous flaps can tolerate longer ischemia times (4-6 hours). Meticulous planning is the most im
portant factor to minimize the effects of ischemia because planning decreases i chemia t ime. A l l  
structures in the  recipient site should be ready for the flap when the pedicle is divided so  that time is 
not wasted after blood flow to the donor tissue has stopped. 

Cooling increases the tolerance of tissue to ischemia. Some urgeons cool Lhe transplant on the 
operative field with cold wraps and ice. Phamrncologic manipulation of donor t is ue has been inves
tigated in the laboratory to prevent formation of free radicals and tissue destruction on reperfusion. 
l schemia preconditioning with cyclical clamping and repe1fusio11 of tissues has had laboratory suc
cess. These methods are not yet routinely used clin ically. 
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9. Which is more successful-end-to-end or  end-to-side arterial anastomosis? 
Both end-to-end and encl-to-side anastomoses in appropriately selected cases have a simi lar patency 

rate in most studies. End-to-side anastomosis may be advantageous in cases with significant vessel 
size discrepancy or cases in which only one artery is available and required for downstream flow. 

10. What is the benefit of coupled anastomoses? 
The microvascular coupler is a ring device that al lows repair of vessels without hand sewing. 

Coupled (stapled) anastomoses appear to have patency rates similar to hand-sewn anastomoses when 
used in appropriate cases. Often, stapled anastomoses can be performed more quickly than those 
sewn by hand. Staples tend to be easier Lo use on veins than on arteries because their thinner, more 
pl iable walls make veins simpler to everl around the configuration of the coupler. Vessel size must be 
precisely matched, and vessel mobi lization requirements may be greater for use of the device. 

11. How can you tell if  a flap is failing'? 
Cl inical evaluation of free flaps postoperatively is crucial to prevent flap loss. Often it is diffi

cult to tell if a flap has a circulatory problem. Flap fai lure can be divided into arterial insufficiency 
and venous insufficiency. If there is an arterial c irculatory problem the flap usual ly looks pale and 
lacks capi l lary refi l l .  M uscle flaps can be part icularly difficult to judge-color change with loss of 
a beefy red appearance is most common. I f  venous clot is  the cause of flap fai lure, the flap gener
ally becomes congested and bluish in color. Capil lary refill is brisk. Sometimes poking a flap with 
an 1 8-gauge needle (away from the pedicle site) helps to judge flap circulation. If there is  no bleed
ing, the problem is inflow. lf there is  rapid exit of dark red blood, venous congestion is  the l ikely 
problem. 

1 2. What factors lead to free flap failure? 
Failure in microsurgery is most often clue to technical factors and poor planning. Technical fac

tors are too numerous to l is t ,  but a few examples i l l ustrate their importance. I f  sutures are tied too 
loosely, media can be exposed and result in clot. If sutures are t ied too tightly on small del icate ves
sels, they can tear all layers of a vascular repair and distort the intimal surface and result in c lot. Too 
many sutures can lead to increased subendothelial exposure and clot formation. 

Other factors leading to flap fai l ure include anastomosis in the zone of in jury (poor planning), 
excessive tension (poor planning), external compression on the pedicle, hematoma formation (wh ich 
causes compression on the pedicle), and vessel spasm . Twist ing of the arterial or venous pedicle 
leads to clotting at the point where the twist migrates to a fixed branch. 

13. How long is i t  before new endothelium covers the anastomosis site? 
After a microvascular repair is  performed, a pseuclointima is formed within the first 5 clays of 

heal ing. By 1 -2 weeks after repair, new endothel ium covers the anastomosis. At the time of repair 
platelet deposition occurs at s i tes where intima has been lost or injured. Platelets begin to disappear 
over the course of 1 -3 days, and pseuclointima appears. Platelet deposition does not lead to fibrin de
posit ion and thrombosis unless intimal damage is more severe and media are exposed more exten
s ively. S ignificant damage to vessel wal l s  may resu l t  from imprecise and traumatic technique. 
Traumatic suturing with excessive needle puncture and forceful pull-through of needles without fol
lowing their natural curvature may damage endothel ium. 

14. What methods help to relieve spasm? 
Topical l idocaine may be used to relieve spasm. The safe topical close in microsurgery has not 

been established. Topical papaverine dilates small vessels with a strong local effect. Aclventit ia can 
be mechanically stripped, resulting in di latation of blood vessels and rel ief of spasm. Hydrostatic di
latation may be used, usual ly  in vein grafts where heparinized sal ine can be squirted into the vessel 
under pressure to relieve spasm. Epidural, spinal, or stellate gangl ion blocks interrupt the sympa
thetic fibers near the spinal cord and inhibit sympathetically mediated spasm. 

15. What is the order of vessel repair in a free flap? Artery or vein first? 
Usually intraoperative anatomic factors come into play. If repair of the artery first wi l l  result in 

poor exposure of the veins, venous repair should be clone first. The reverse is  also true. 
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1 6. Should both arterial and venous repairs be completed before clamps are removed and 
flow is reestablished? 

Some surgeons prefer to perform both arterial and venous repairs before removing the c lamps 
and reestabl ishing blood flow. Others prefer to repair the artery, release the arterial clamp, and then 
clamp the vein of the flap before repairing it. The advantage of the latter approach is that in flow is 
reestab l ished sooner and ischemia time is minim ized. F i l l ing of the vein after this maneuver  also 
helps to judge the excision of redundant ve in (a redundant tortuous vein may lead to thrombos is ) .  
Some argue that the  blood stagnates in the flap and leads to  s l uggish arterial flow and a higher 
chance of c lot. Usually the flap bleeds through its open edges, however, and flow continues when the 
vein is clamped. The advantage of repairing both artery and vein before removing the clamp is that 
blood in the field is minimized and blood does not stagnate in the flap. 

1 7. Does smoking increase the risk of free tla1> failure'? 
Numerous studies have shown that wound healing is impaired in smokers. Flap fai l ure does not 

appear to be increased significantly in smokers; however, wound heal ing complications at the recip
ient site appear to be more frequent. 

1 8. Name several choices for skin/fasciocutaneous tlap reconstruction. 
There are over 33 donor areas from which to choose free flaps, and mult iple combinations of 

flaps are possible. You should consult an atlas of microvascular surgery for a more complete arma
mentarium. Below is a partial l ist of the more popular flaps: 

• Transverse rectus abdomin is myocutaneous flap (TRAM)-most common flap used for mi-
crovascular breast reconstruction; based on the deep inferior epigastric ve sels. 

• Radial forearm-based on the radial artery. 
• Scapular, parascapular-based on the circumflex scapular vesse l .  
• Dorsal is pedis-based on  the first dorsal metatarsal artery and dorsal is pedis .  
• Lateral arm-posterior radial col lateral artery. 
• Groin flap-less popular at present, but one of the originals; based on the �uperlicial c ircum

flex i l iac artery. 
• B i lateral inferior epigastric artery flap (B lEF)-based on the bilateral superficial inferior epi

gastric arteries. 
• Deltoid flap-based on the posterior c ircumflex humeral artery. 
• Superior gluteal flap-rarely used for breast reconstruction now: based on the superficial and 

deep branches of the superior gluteal vessels. 

1 9. Name several free muscle flaps. Which muscles can be transplanted as functional muscles? 
• Rectus-based on the deep inferior epigastric vessels. 
• Latissimus-based on the subscapular-thoracodorsal vessels. 
• Serratus-based on the subscapular-thoracodorsal vessels. 
• Grac i l is-branch to grac i l is off the medial femoral circumflex artery. 
• Extensor brevis-branch to extensor brevis off the dorsal is pedis artery. 
The latissimus, serratus, and graci l is muscles are most commonly used as functional transplants: 

i .e. ,  the nerve is repaired and they are used as a motor. Rectus and extensor brev is  also may be used 
funct ionally, but this practice is less common. 

20. Name several osseous tla1>s. 
• Great toe-based on the first dorsal metatarsal artery. 
• Second roe-based on the first dorsal metatarsal artery. 
• Rib-a tough dissection; based on the intercostal neurovascular pedicle. 
• Fibula-used most often in mandible reconstruct ion; based on the peroneal vessels. 
• Radial forearm-based on the radial vessels. 
• I l iac crest-based on the deep circumflex i l iac system. 
• Scapula-based on the circumflex scapular vessels. 
• Calvarium-based on the superficial temporal artery. 
• Lateral arm-based on the posterior col lateral rad ial artery. 
• Second metatarsal-based on the first dorsal metatarsal artery. 
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2 L .  Are there any other types of free flaps? 
Fascia! !laps are less common; the most popular is the temporoparietal fascia !  flap based on the 

superlicial temporal vessels. Jejunum can be transplanted for esophageal reconstruction. and omemum, 
one of the first m icrovasc ular transplants ever performed, can be used to cover large defects .  The 
main d isadvantage of the omentum is  the requ irement for a laparotomy. 

22. Which free flaps are used for facial reanimation'? 
Graci I is and serratus flaps are most commonly used for reconstruct ion in facial  paralysis .  They 

prov ide a good vascu l ar ped icle with a sui table s ingle nerve. There is also enough excursion to re

construct a smile.  Their main disadvantage is bulk. The lat issimus also may be spl i t  into two separate 
muscle uni ts .  

CONTROV E RSY 

23. Do you need a microsco1Je to perform a free tissue transfer? 
Many surgeons bel i eve that increased comfort and magn i fication make microsurgical repair  

w i th a microscope superior to repair performed with loupe magni fi cation. Some authors argue that 
loupe magn i fication is cost-effect ive and portable and resu l ts  in success rates comparable to those 
reported with use of the microscope. Loupe magn i fication up to 6 x is avai lable, whereas the m icro
scope can go from 6-40 x. 

B I BLIOGRAPHY 

I .  Buncke HJ (eel ) :  Microsurgery: Transplantation-Replantation. An Atlas Text. Philadelphia. Lea & Febiger. 1 99 1 .  
2 .  Khouri RK :  Avoiding free rlap fai lure. Clin Plast Surg 1 9 :773 , 1 992. 
3 .  Reus WF. Colen LB. Straker DJ : Tobacco smoking and complications in elective microsurgery. Plast Reconstr 

Surg 89:490. 1 992. 
4. Shenaq SM, K lebuc JA. Vargo D:  Free t i ssue transfer with the aid of loupe magnification: Experience with 

25 1 procedures. Plast Reconstr Surg 95:26 1 .  1 995. 
5 .  Weinzweig N .  Gonzalez M:  Free tissue fai lure is not an al l -or-none phenomenon. Plast Reconstr Surg 96:648. 

1 995. 

84.  FREE FLAP DONOR SITES 

Mahesh H .  Mankan i ,  M D ,  and J u lian J .  Pri&az ,  M . D . 

1 . What is a composite free flap? 
A composite free llap, l ike a composite graft, is derived from two or more germ layers and con

tains at least two layers of t issue. 

2. What is the quadrangular space'! Which structures traverse it? 
The q uadrangular space is bounded by the teres minor muscle above, the teres major muscle 

below. the long head of the triceps muscle medial ly, and the humerus lateral ly. I t  is traversed by the 
posterior c i rcumflex humeral vessels, which perfuse the deltoid free flap. 

3. What is the triangular space? Which structures traverse it? 
The triangular space l ies medial to the quadrangular space and is bounded by the long head of 

the triceps m uscle latera l ly, the teres minor muscle above, and the leres major muscle below. I t  is tra
versed by the c ircum flex scapular vessels, which perfuse the scapular free flap. 

4. Describe the Mathes and Nahai classification of muscle circulation and list examples of 
muscles used for free transfers from each group. 

Type l One vascular pedicle 
Type I I  One dom inant pedicle and minor pedicles 
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Type l l J  
Type I V  
Type V 

Type I 
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Two dominant pedicles 
Segmental vascular pedicles 
One dominant and secondary vascular pedicles 

• The tensor fascia lata is perfused solely by the transverse branch of the lateral femoral circum-
flex artery. 

• The extensor digitorum brevis is perfused by a branch of the dorsalis pedis artery. 
Type II 
• The major pedicle of the graci l i s  mu cle is a terminal branch of the medial  femoral c ircum

flex artery; one or two minor pedicles from the superficial  femoral artery enter the muscle 
distal ly. 

• The soleus muscle is perfused by branches of the pop I iteal vessels; the distal 4-5 cm of muscle 
are perfused by segmental pe1forat ing vessels from the posterior t ibial artery. 

Type III 
• The rectus abdominis is perfused by two dominant pedicles. The superior arises from the supe

rior epigastric artery, and the inferior arises from the deep inferior epigastric artery. 
• The serratus anterior is perfused by the lateral thoracic artery superior! y and the thoracodorsal 

artery inferiorly 
Type IV-no type IV muscles are appropriate for free tissue transfers. 
Type V 
• The lat iss imus dorsi is perfused predominant ly by the thoracodorsal artery. The muscle 

a lso receives a segmental blood supply medially from branches of the intercostal and lumbar 
arteries. 

• The pectoral is major receives its major blood supply from the thoracoacromial artery. It is also 
perfused by the lateral thoracic artery, internal mammary artery, and intercostal artery. 

• The pectoral is minor is predominantly perfused by the lateral thoracic artery: a direct branch 
of the axil lary artery and the pectoral branch of the thoracoacromial artery prov ide secondary 
vascularization. 

5. What are the advantages and disadvantages of including a skin paddle with a muscle flap? 
I nclusion of the skin paddle with a muscle flap transfer (transfer of a myocutaneous flap) has 

two major advantages. The skin island serves as a method for monitoring the v iabi l ity of the flap, 
and the quality of the skin is often superior to that of a skin graft placed on the mu cle. On the other 
hand, inclusion of the skin paddle may make the flap excessively bulky, an issue of concern in obese 
patients and recipient sites of l imited depth. 

6. Which muscles are suitable for facial reanimation because of their size and segmental 
innervation? 

The grac i l i s  and pectoral is minor muscles. The grac i l i s  is innervated by a s ingle motor nerve 
with multiple fascicles to di fferent portions of the muscle. The pectoral is minor mu cle is innervated 
by the medial and lateral pectoral nerves. 

7. Name a rel iable donor muscle for coverage of large defects. 
The latissimus dorsi muscle provides the largest available transfer, with a size of 25 x 35 cm2. 

8. Name four muscles that are appropriate for functional free tissue transfers. 
Latissimus dorsi Serratus anterior 
Pectoral is minor Graci I is 

9. What are the uses and advantages of the gracilis flap? 
The grac i l i s  muscle i s  a th in ,  strap-shaped muscle with a consi stent pedicle and straight

forward harvest; it also allows inclusion of a cutaneous component. Its loss is associated with min
imal morbidity. The donor site can be closed primarily with a rea onable appearance. I nc lusion of  
the anterior branch of  the obturator nerve provides funct ional ity. The flap can be used for  fac ial 
reanimation. 
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10 .  What portions of  the serratus anterior muscle can be  safely harvested without risk of  in
ducing winging of the scapula? 

To avoid winging of the scapula, it is  recommended that the middle and lower 4-5 digitations of 
the muscle be used. 

1 1 .  What sensory deficit  may result from injudicious harvest of the lateral gastrocnemius 
muscle? 

The common peroneal nerve l ies superficial to the lateral head of the gastrocnemius muscle. 
Traction on the nerve during dissection of the muscle impairs the deep and superficial  peroneal 
nerves. Patients may experience paresis of the dors i flexor and eversion muscles of the foot and 
numbness along the dorsum of the foot and in the first web space. 

12. What is one of the primary uses of the pectoral is minor flap? 
Because of its shape, small size, flatness, and dual nerve supply, the muscle is  sui ted for facial 

reanimat ion.  In addition, removal of the muscle is  not associated with d i sab i l i ty  or sign ificant 
scar. 

13. List ten sensate cutaneous flaps and their innervation. 
More commonly used flaps 
• Lateral arm flap, innervated by the posterior brachia! cutaneous nerve 
• Radial forearm flap, innervated by the medial and lateral antebrachial  cutaneous nerves 
• Dorsal is pedis flap, innervated by the deep branch of peroneal nerve in the first web space and 

by the superficial peroneal nerve over the remainder of the flap 
Less commonly used flaps 
• Transverse cervical artery flap, innervated by the supraclavicu lar nerves 
• Deltoid flap, innervated by a cutaneous branch of the axil lary nerve 
• Gluteal thigh flap, innervated by the posterior cutaneous nerve of the thigh 
• Medial thigh flap, innervated by the medial femoral cutaneous nerve 
• Lateral thigh flap, innervated by the lateral femoral cutaneous nerve 
• Saphenous flap, innervated by the medial femoral cutaneous and saphenous nerves 
• Posterior calf flap, innervated by the medial or posterior cutaneous nerves of the thigh and the 

sural nerve 

14. What are the advantages of the anterolateral thigh free flap? 
The anterolateral thigh free flap is a septofasciocutaneous or musculocutaneous flap perfused 

by the descending branch of the lateral femoral circumflex artery. Advantages include its long vascu
lar pedicle, its capacity to perform as a flow-through flap, the option for keeping the flap sensate, 
ease of harvest, the option for simultaneous donor and recipient site dissections, and minimal donor 
site morbidity. 

15. What are the advantages of using the radial forearm flap in reconstruction of the face or 
hand? 

The ,-.adial forearm flap is a thin, supple, hairless, and sensate septofasciocutaneous flap that is 
innervated by the medial cutaneous nerve of the forearm. 

16. Under what circumstances can donor site appearance be improved with use of' the cuta
neous lateral arm flap? 

Although the size of the flap can reach 14 x 20 cm, harvest of so large a flap requires closure of 
the donor s i te with a skin graft. If the width of the flap is reduced to 6 cm, the donor site can be 
closed primarily. 

17. What are the l imitations of one of the earliest free flaps-the groin flap? 
The groin flap suffers from variations in vasculature,  a smal l-cal iber ped icle,  short ped icle 

length, and di fficult harvest. 
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18. What are two of the most common free bone flaps'? What are their advantages and disad
vantages? 

The vascularized fibula graft and the vascularized i l iac crest graft are the two mo t common free 
bone flaps. The free fibular graft has several distinct advantages, including a length approaching 
26 cm, a thick cortex that gives the bone profound structural strength, and m inimal donor s i te mor
bidity. The flap suffers from a short pedicle and necessary sacri fice of the peroneal artery, which is 
of particular importance in patients with lower extremity arterial insufficiency. The i l iac crest bone 
graft has a long pedicle, a curvature appropriate for mandibular reconstruction, and the possibi l ity 
for inclusion of overlying muscle and skin with min imal morbidity. However. the mass of transfer
able bone is l imited, the patient is left with a profound contour deformity. and abdominal herniation 
is a documented consequence of the harvest. 

19. With which pedicles can the iliac crest osteocutaneous llap be harvested'? 
The avai lable pedicles include the superficial c ircumflex i l iac artery (SCIA). deep c ircumflex 

i l iac artery ( DCIA), and dorsal branch of the fourth lumbar artery. The deep branch of the superior 
gluteal artery typically can supply an osseous flap but is not amenable to creation of an osteocura
neous flap. 

20. What morbidity is associated with harvest of the vascularized iliac crest bone graft? 
Abdominal herniation remains a significant risk. 

21 .  What are the advantages of using the great toe for thumb reconstruction? 
Pat ient grip strength is  greater with use of the great toe than with use of the second toe. 

Reconstruction involves transfer of two phalanges and a large nail, s imi lar to the thumb. However, 
use of the great toe impairs the appearance of the foot much more than use of the se ond toe. 

22. What is the most common free fascia! flap? What are its advantages and di advantages? 
The free temporoparietal fascia flap, l ike other fascia! flaps, offers thin, nonbulky, supple. and 

h ighly vascularized tissue. The flap has been draped over denuded auricular cart i lage and has been 
used to restore a gl iding surface for tendon reconstruction in the hand. Particular advantages of the 
temporoparietal fascia flap include a size up to l 4  x 1 7  cm, an inconspicuous donor si te scar, the 
option for simultaneous donor and recipient site dissections, and the capacity for inclusion of bone 
from the outer table of the calvarium. Unfortunately, dissection of the flap is tedious. and the harvest 
is associated with alopecia. 

23. Is patient positioning important in deciding on an appropriate donor site? 
Extremely important. Some flaps, such as the graci l is muscle, are considered extremely versa

t i le because recipient s i te preparation and flap harvest can be completed simultaneously. Other flaps, 
such as the latissimus dorsi muscle, often require patient reposition ing between dis. ection of an an
terior recipient site and flap harvest. 
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8 5 .  LEEC H ES 

S tephen P Daane, M . D . 

l .  What are leeches? Sneeches? 
Leeches are worms of the Annel id phylum that feed on blood extracted from a host. B ecause of 

the pract ice of leech ing in  the micl cl le  ages, the word "leech" was derived from the E ng l i sh  word 
"laece," which meant physician. Leeches were used extensively in 1 9th century European medicine 
for bloodlett ing, a practice bel ieved to cure v irtual ly any ai lment .  Consumption of leeches reached a 
peak in the 1 830s, when tens of m i l l ions were used annual ly  in France, England, Germany, and the 
Uni ted States. 

Sneeches l ive on beaches and were created by Dr. Seuss. They have nothi ng to do w i th p last ic 
surgery. 

2. How long have leeches been used in medicine? 
The first known use of leeches elates 10 3,500 years ago in  Egypt, where a tomb paint ing depicts 

the appl icat ion of leeches by a barber-surgeon. Detai led documentat ion of  leeching a lso dates to 
3,300 years ago in I nd ia. In  the West, leeches were first used for medic inal blood lett ing 2 ,200 years 
ago by N icancler of Colophon, Greece. 

3. How long have leeches been used in plastic surgery? 
The modern use of leeches in flap surgery began in 1 960 wi th a report of 70% complete salvage 

and 30% partia l  salvage in 20 threatened flaps treated with leeches. They were used in hand s urgery 
in 1 98 1 ,  w i th a report of 60% surv ival of I 0 artery-only digi ta l  replantat ions t reated with leeches. 
This was a marked improvement over the survival of artery-on ly replants treated by systemic antico
agu lat ion alone. 

Current survival estimates for threatened replanted digits treated with leeches are 60-70%; sal
vage est imates for threatened pecl ic le flaps treated with leeches are also 60-70%. /-lirudo medici-
11alis, the leech endemic to Southeast Asia and Europe, is  the most common ly used species. 

4. What are the indications for using leeches? 
Venous congest ion  is a recognized compl ication of digi ta l  replantat ion that may lead to a se

quence of edema, capi l lary and arterial slowing, venous and arterial thrombosis, flap ischemia, and, 
finally, necrosis. Leeches are not a panacea for poor flap design or technical problems with vascular 
anastomoses, but they are indicated as an adjunct for salvage. 

Leeches have been used successfu l ly to clecongest replanrecl parts, inc luding completely avulsecl 
ears and digits and part ia l ly  avulsed segments of the l ip,  pen is ,  nose, and scalp. They also have been 
used on threatened d ig i ts in purpura ful m inans, ear and periorbi ta l  hematomas, traumat ica l ly  cle
glovecl t issues, and in the salvage of n ipple necrosis in breast reduct ion procedures. 
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5. What are the signs of arterial occlusion vs. venous occlusion? 
S igns of venous congestion include cyanotic skin color, cool temperature, rapid capi l lary refi l l ,  

increased t issue turgor, and rapid dark bleeding in response to a pinprick. Doppler imaging should 
be the first tool used postoperatively to document arterial c irculation because leeches will not be 
helpfu l i n  cases of insufficient arterial inflow. Venous congested t issues may be salvaged if arterial 
blood flow is maintained until new venous ingrowth occurs; venous competence is u ually restored 
by postoperative day 4 or 5 for replanted digits and by postoperative day 6- 1 0  for free flaps. 

Color 
Tissue turgor 
Ca pi 1 lary refi I I  
Temperature 

Arterial Occlusion 

Pale 
Decreased 
Slow, absent 
Low 

Venous Occlusion 

Blue-purple 
Increased; engorged and tense 
Brisk, instantaneous 
Low 

In the absence of overt signs of threatened tissue loss, early detection of complications is aided 
with temperature monitoring, fluorescein dye injection, or laser Doppler flowmet.ry. although it is 
difficult  to distinguish between arterial or venous occlusion with any of these modalities . 

6. How do leeches work? 
The leech front sucker conceals cartilaginous cutting plates that make a 2-mm incision. In 30 

minutes a s ingle h i rudo leech can ingest up to I 0 times i ts body weight or 5- 1 5  cc of b lood. 
However, the primary therapeutic benefit is derived from an anticoagulant, h i rudin, injected from the 
leech sal ivary glands. The effect of the anticoagulant may last several hours after the leech detaches, 
permitting the wound to ooze up to 50 cc of blood. 

H irudin is  a polypeptide that inhibits the tlu-ombin-catalyzed conversion of fibrinogen to fibrin. 
H irudin also blocks platelet aggregation in response to thrombin and may inhibit factor X .  Because 
factor 1 1  (thrombin) is  bel ieved to be the final common pathway in all causes of thrombosis ,  hirudin 
is  regarded as the most potent natural anticoagulant known. Hirudin has two advantages over hep
arin: ( l ) i t  does not require antithrombin I l l  to inactivate thrombin, and (2) i t  is not bound by hep
arin-neutral izing p latelet factor 4. Clinical trials are in progress to compare the efficacy of heparin 
and recombinant h irudin in preventing acute coronary closure after angioplasty, in the treatment of 
unstable angina, and in prophylaxis of deep venous tlu-ombosis (DVT). 

Other phannacologic agents with in leech saliva include ( I )  a local anesthetic; ( 2 ) hyaluronidase, 
a spreading factor; and (3) a histamine-l ike vasodilator that increases regional blood flow. 

7. What are the possible complications of using leeches? What precautions are necessary? 
The main complications in using leeches are infection and blood loss. Hirudo medicina/is relies 

on a symbiotic relationship with Aeromonas hydrophila within its gut. A. hydropliila is a gram-neg
ative rod that causes infection at rates varying from 0-20% within 1 - 1 0  clays after leech use. Some 
authors recommend an empiric aminoglycoside or third-generation cephalosporin. Leeches are not 
natural carriers of v iruses, but they can transmit hepatitis B to humans i f  infected. U niversal precau
tions (handling leeches with gloves and a forceps) must be fol lowed. 

A potential resul t  of prolonged leech therapy is a significant drop in hematocrit. Transfusions 
are often required because of systemic anticoagu lation and continuous oozing from leech b i tes ,  
which may contraindicate leech therapy for Jehovah 's Witnesses. 

8. How are leeches administered? 
The skin is cleansed and isolated with an Op-Site dressing or saline-soaked sponge. The leech's 

head (narrow end) is  directed to the area needing treatment. A leech may be induced to feed by keep
ing it in a beaker held over the attachment site or by pricking the feeding ite with a needle to produce 
a drop of blood. It is also important to protect the area of the anastomosis with a gauze. Observe the 
leech frequently until it drops off the patient (usually in 30 minutes). If bleeding stops after the leech 
is removed, wiping the leech-bite area with a heparin-soaked gauze pledger may promote rebleeding. 

Leech rejection is fai lure of the leech to attach rapidly to a replanted pa1t, poor ucking, or con
sumption of  less than a ful l  mea l .  These findings have been suggested as poor prognosticators of 
t issue survival because of arterial insufficiency, despite a favorable tissue color. 
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For d isposal leeches are p laced in a container of alcohol and d iscarded wi th  infectious waste . 

Leeches may never be reused. 

9. How many leeches should you use'? 
The desi red venous outflow of a flap or replanted digit  is tai lored to the needs of the specific pa

t ient  by adj usting the number and frequency of leeches applied. In some publ ished reports, leeches 
were used on venous congested parts as i nfrequent ly as I leech/day, or as frequent ly  as I leech 
6 t imes/day for a duration of 5- 1 0  clays. 

When the wound does not cont inue to bleed after leech application, fresh leeches may be reap
p l ied to a d ig i t  or flap as frequently as every 30 minutes. 

10. Where do you get leeches in the middle of the night'? 
Because venous congest ion may arise suddenly in the immediate postoperative period, an im

mediately ava i lable supply of at least 5- 1 0  leeches is desirable. In the Un i ted States, h i ruclo leeches 
are avai lable from two vendors on the East Coast who advertise prominently i n  p last ic surgery jour
nals. However, even under the best circumstances, obtaining leeches may take 1 2- 1 4  hours. Tissue 
bleeding caused by abrasion of the nail bed of the replanted digit wi th heparin-soaked sponges every 
hour usual ly maintains t issue viabil ity unti l  leeches are avai l able. Telephone ca l ls  to the phannacies 
of neighboring hospi ta ls  may yield an avai lable supply of " loaner" leeches. 

Leeches vary i n  price but are approximately $7 each. In comparison with the costs of an opera
tion and postoperative ICU moni toring, leeches are one of the least expensive parts of a patien t 's 
hospital ization. The expense is usually covered as a medicat ion by insurance companies. 
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86.  A N ATOMY O F  TH E HAN D  

Lee E .  Edstrom ,  M . D. 

1. What is the thickest skin in the hand? 
The pal mar skin has the th ickest epidermis due to the stratum corneum, but Lhe dermis is as 

thick on the dorsum as the palm.  

2. Why can we get away with single layer closure in  the palm? 
The thick stratum corneum h ides the ingrowth of epithel ium down the suture into the dermis ;  

thus, sutures can be left in place for over a week without leaving stitch marks. 

3. How is the palmar skin so firmly fixed in place? 
The palmar fascia is  a unique structure, fixed proximally and distally, from side to side, and to 

the underlying metacarpals by its vertical fibers. The pal mar skin is  c losely attached to the palmar 
fasc ia by a tight network of  i ts  own vertical fibers. Hence, edema cannot col lect as eas i ly  on the 
palmar side of the hand. 

4. Does the palmar fascia extend into the fingers? 
Yes .  The longitudinal fibers of the palmar fascia extend into the fingers and in the web spaces; 

the natatory l igaments are part of the palmar fascia. In the proximal and middle phalanges, however, 
Cleland's (dorsal) and Grayson's (volar) l igaments are the stabil izing structures. On the sides of the 
fingers, dorsal and palmar to the neurovascular bundles, they are attached to the phalanges along the 
ridge giving rise to the fibroosseous tunnel. In the distal phalanx vertical fibers are anached directly 
to the underlying distal phalanx and form a honeycomb series of compartments, simi lar to that in the 
palm between the skin and palmar fascia. 

5. Name two unique types of infection on the pal mar side of the hand that are due to the firm 
fixation of the skin to underlying structures. 

A collar-button abscess in the palm starts as a t iny infection between the palmar skin and the 
pal mar fascia. It then erodes through the palmar fascia into the underlying loose space, formjng a 
dumbbel l - or collar button-shaped abscess, which may be inadequately drained if the anatomy is not 
appreciated. 

A felon in the distal phalanx starts in the same way as the collar-button abscess, but it is  inhib
ited from side-to-side spread by the tight network of vertical fibers attaching the skin to the dista l  
phalanx. Spread occurs by erosion through the walls formed by the vertical fibers, adding to the ab
scess compartment by compartment. 

6. How does the unique anatomy of the fingertip shape the development of a paronychia? 
A paronychia is an infection of the nai l fold and seldom exists without the presence of a nai l ,  

which is  first a foreign-body irritant and then the roof of the abscess. 

7. Can a felon spread around the distal phalanx and become a paronychia? Can a parony
chia spread around the nail plate into the palmar pulp and become a felon? 

Both events are highly unl ikely because of the anatomy of the fingertip. The par nychia spreads 
around the nail plate and may l ift the entire nail plate off the bed but ult imately drain dorsally. The 
felon spreads on the palmar side, ult imately breaking through the skin. It may spread proximally into 
the soft tissue of the middle phalanx-or even into the bone and d istal interphalangeal (DIP) joint
but not dorsally to the nail fold. 

8. Which tissues contribute to growth of the nail plate? 
The entire nail bed, including the overlying eponychial fold, contTibutes material to the develop

ing and growing nai l .  The proximal nail bed (germinal matrix) forms the early developi ng na i l ,  the 
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overlying fold contributes the  smooth surface, and the  distal bed (s teri le matrix )  continues to add 
bulk so that the nail plate does not become too thin from wear. 

9. What is the lunula? 
The white arc just distal to the eponychium, called the lunula, is a result of persistence of nuclei 

in the cells of the germinal matrix as they flow distal ly, creating the nai l .  As  the nuclei dis integrate 
distal to the Junula, the nail becomes transparent. 

10. What is the safe position for splinting the hand? 
I t  is  useful to think of joints as having certain positions that lend to produce st iffness and other 

posit ions that can be maintained for Jong periods without developing s tiffness. The metacarpopha
Jangeal ( MP) and interphalangeal ( IP) joints are good examples of this concept. The MP joints re
cover we l l  from flex ion,  and the IP joints recover well from extension. The thumb should be 
abducted and the wrist maintained in  mi ld extension. This is  the posit ion from which i t  is easiest to 
regain mobility of the joints after prolonged immobi l ization. 

1 1 .  Why is flexion the safe position for the MP joint? 
The MP joint is  characterized by variable tightness of the collateral I igaments, depending on the 

posi t ion of the joint, because of the unique shape of the metacarpal head and the origin of the col lat
eral ligaments dorsal to the axis of rotation of the joint. The head is ovoid in the sagittal p lane (creat
ing a cam effect) and possesses a palmar J'Jare in the transverse plane, which requires the collateral 
l igaments to span a greater distance in flexion than extension. Therefore, the collateral l igaments are 
stretched tight in flexion but are J ax in extension. Because l igaments tend to shorten when main
tained in a lax posi t ion, prolonged extension leads to shortening of the collateral l igaments, render
ing them unable to accommodate the joint in flexion and thus producing an extension contracture. 

Anatomy of the metacarpophalangeal joint. I n  extension the col
lateral l igaments are loose; the joint is relatively unstable and the 
ligaments are at risk for shortening. In flexion the collateral l iga
ments are t ight secondary to a cam effect: the joint is stable and 
the l igaments are protected. (From Watson HK, Weinzweig J: St iff 
joints .  In G reen DP (ed):  Operative Hanel Surgery, 4th ed. New 
York, Church i l l  Livingstone, in press, with permission. )  

12. Why is extension the safe position for the IP joints? 

Extension 

Fluid Space 
- Area of Conlact 

Flexion 

The collateral l igaments of the IP joints tend to have the same tightness in flexion and extension 
and thus are not as important in consideration of safe splinting. Two other points are important in
stead: ( I )  the extensor mechanism in the region of the proximal interphalangeal (PIP) joint and (2) 
the volar plates. The volar plate overlies the cart i laginous surface of the phalangeal condyles in ex
tension but in flex ion s l ides proximal to the condyles, where it readily becomes adherent to the fi lmy 
soft t issue between the tendon sheath and periosteum. Maintenance of this posit ion produces a flex
ion contracture. The other consideration is that the extensor mechanism is highly stable in extension 
but under stress in flexion. This problem is particularly significant when the PIP joint is  injured, as 
in a burn injury. Inflammation may cause attenuation of the del icate extensor mechanism, resulting 
in disruption of the transverse ret inacular l igaments when the joint is  stressed in flex ion. The lateral 
bands then sl ip volarly, creating a boutonniere deformity. 
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13.  The IP joint can be thought of as a box, with the articular surfaces of the phalanges form
ing the proximal and distal ends. What forms the other sides? 

The volar plate forms the bottom and the collateral l igaments the sides. The col lateral l igaments 
extend from their points of origin into a broad, fan-shaped insertion i nto the phalanx distally and the 
s ides  of the volar plate volarly. The volar portion of the col lateral l igament  i s  referred to as the ac
cessory col lateral l igament. The top or l id of the box i s  formed by the extensor mechanism, which 
contributes l it t le  to the structural stabi l i ty of the joint .  

Anatomy of the interphalangeal jo in t .  The three-dimens ional l iga
ment-box complex provides strength with minimal bulk. At  least two 
sides of this box must be disrupted for displacement of the joint to 
occur. (From Dray GJ, Eaton RG: Dislocations and ligament injuries 
in the digits. In Green DP (eel): Operative Hanel Surgery. 3rd eel. ew 
York, Church i l l  Livingstone, 1 993, p 768. with permission. )  

1 4. Which is the most mobile carpometacarpal (CMC) joint? 
The CMC joint of the thumb is a saddle joint with motion in three axes, giv ing the thumb un ique 

mob i l i ty. 

1 5. Which are the least mobile CMC joints? 
The second and t h i rd metacarpal s  are bound fi rmly to the t rapezo id and capi tate, form ing a 

stable structure known as the fixed uni t  of the hand . Thus, the second and th ird CMC joints are the 
least mobi le. 

1 6. What is the last muscle innervated by the ulnar nerve as it courses through the palm? 
The first dorsal interosseus is  the last muscle to receive motor fibers from the u lnar nerve after it 

passes through the adductor of the thumb, which is next to last .  

1 7. What major peripheral nerve is responsible for extension of the thumb IP joint? 
The median nerve i nnervates the rad ial s ide of the thenar emi nence, wh ich i s  respons ib le for 

MP joint  flex ion and IP joint extension from the rad ial side. The ulnar nerve innervates the adductor 
pol l icis and ulnar head of the short flexor, which is responsible for the same actions from the u lnar side. 
The radial nerve innervates the extensor pol l ic is  longus ( EPL), which is responsibl for central I P  
joint extension. Thus, al l  three major peripheral nerves contTibute t o  extension o f  the thumb I P  joint. 

1 8. How can you test for function of the EPL'? 
The EPL has the unique function of l ift ing the thumb dorsal lo the plane of the palm. Ask the 

patient to p lace the palm on the table and l i ft up the thumb. 

1 9. There is much crossover of sensory innervation in the hand. Where do the edian, ulnar, 
and radial sensory nerves supply sensibility with the least chance of crossover from neighbor
ing territories'? 

The median nerve is alone on the index t ip,  the ulnar nerve on the l in le  finger t ip,  and the radial  
nerve over the dorsal surface of the first web space. 

20. Where is the one place on the hand where all three sensory nerves may be expected to pro
vide maximal crossover innervation? 

On the dorsal surface of the middle phalanx of the ring finger, the digi ta l  nerve from median 
and u l nar nerves course dorsa l ly, whereas the radia l  nerve sensory branch cour es d i s ta l ly, a long 
with the u lnar nerve dorsal sensory branch on the ulnar side. 
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21.  What three vascular arches 11rovide anastomotic connections between the radial and ulnar 
blood supplies? 

The superfic ial pal mar arch courses pal mar lo the flex or tendons, gives off the digital vessels, and 
is a direct continuation of the u lnar artery. The deep palmar arch, which is deep (dorsal )  to the flexor 
tendons, gives off the volar metacarpal arteries and is  a d irect continuat ion of the radial artery after the 
take-off of the princeps pol l icis .  The dorsal carpal arch travels  dorsally over the proximal carpal row, 
l inking the radial  and u lnar systems dorsal ly and giving off the dorsal metacarpal arteries. 

22. Despite proper tourniquet application, the wound begins to bleed during repair of a 
spaghetti wrist. Why'? 

Blood is shunted down to the hand via nutrient vessels in the humerus. This process may take an 
hour or even longer. The ascending branch of the humeral c ircumflex artery enters the bone in the 
bicipital  groove, perfuses the bone through the medul l ary cavity with connections to the periosteal 
vessels, and may exit inferiorly at the elbow. Control under these c i rcumstances may be obtained by 
wrapping an Esmarch or Ace bandage around the elbow at moderate pressure. 

23. How can one test the integrity of the vascular anastomotic connections between the two 
sides of the hand? 

A l len's test is performed by occl ud ing both radial and u l nar arteries at the wrist,  emptying the 
hand of blood by repeatedly making a fis t ,  and releasing one o f  the arteries. The hand should fi l l  
with blood immediately, with n o  s ignificant delay on the side st i l l  occl uded. 

24. What are the boundaries of the carpal tunnel? 
The transverse carpal l igament (TCL), in  add i t ion to prov id ing a pu l ley mechanism for the 

flexor tendons, spans the volar aspect of the proximal palm to fonn the roof of the carpal tunnel .  The 
TCL courses from the scaphoid tubercle and the crest of the trapezium on the radi al side to the pisi
form and hamate on the u lnar s ide. 

25. How many structures traverse the carpal tunnel'? 
Ten .  Nine flexor tendons ( four flexor digi torum superficial is i FDS ] tendons, four flexor digito

rum profundus [ FO P ]  tendons, and the flexor pol l ic i s  longus [FPL ] )  and the med ian  nerve pass 
through the carpal tunnel. 

26. What are the boundaries of Guyon's canal'? 
The TCL forms the floor, the volar carpal l igament ( YCL) the roof, and the p is i form the u lnar 

wall of the canal of Guyon. 

27. What are the six dorsal extensor compartments of the wrist? 
The s ix  well -defined runnels through which the extrinsic extensor tendons pass are numbered 

from radia l  to u lnar ( see figure at top of next page) .  The first compartment contains the abductor pol
l ic is  longus ( APL) and extensor pol l ic is  brev is ( EP B )  and i s  located on the surface of the radial sty
loid. Both the A PL and EPB may contain several s l ips; tenosynovi t is  in this compartment is known 
as de Quervain's d isease. The second compartment contains the two radial extensors of the wrist (ex
tensor carpi radia l  i s  longus [ EC R L ]  and brevi s  [ ECR B ] ) ,  which course through the floor o f  the 
anatom ic snuffbox on the way to their insertions on the bases of the second and th i rd metacarpals ,  
respectively. L ister's tubercle separates the second compartment from the th ird compartment, which 
contains the EPL. The fourth compartmem contains the tendons of the ex tensor d ig i t i  communis  
( EDC) and the extensor indicis proprius (EIP) ,  whereas the  fifth compartment contains the  extensor 
digit i  quint i  (EDQ).  The s ixth dorsal compartment is located on the head of the ulna and contains the 
extensor carpi u lnaris ( ECU ) .  

28. When is the ECU not  primarily an extensor of the wrist? 
The s ix th dorsal compartment i s  fixed on the u l nar head. When the rad ius  p ivots around the 

u lnar head in pronation and supinat ion, the ECU assumes d ifferent posi t ions relative to the wrist. In 
full pronation i t  i s  u lnar to the wrist and thus primari ly an u lnar deviator. 
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JUNCTURAE 

TENDINUM 

EPL 

PB 

The six dorsal extensor compartments of the wrist .  
(From Doyle JR: Extensor tendons-acute injuries. 
In Green DP (ed): Operative Hand Surgery, 3 rd ed. 
New York, Churchi l l -Liv ingstone, I 93 , p 1 927, wi th 
permission.) 

29. Name the four insertions of the extrinsic extensor tendon. 
The extrinsic extensor tendon inserts into ( ! ) the base of the proximal phalanx. (2) the base of 

the middle phalanx, (3)  the base of the distal phalanx (via the slips to the lateral bands; see question 
43), and (4) the transverse metacarpal l igament and volar plate. 

30. How do you identify the proprius tendons of the index and little fingers? 
The proprius tendons (extensor digiti minimi [EDM] and extensor indicis proprius [EIP]) usu

al ly l ie on the ulnar s ide of the communis tendon (EDC) and al low independent extension of  the 
l ittle and index fingers, respectively. However, significant variabi l ity of the extensor tendons to the 
index and l ittle fingers, including radial EIP and EDM tendons and supernumerary tendons, has been 
reported in up to l 9% of specimens in anatomic studies. 

31 .  What is the anatomic snuffbox? 
It is the hol low on the radial side of the wrist bordered by the contents of the first dorsal com

partment on the palmar s ide, the EPL dorsally, the radial styloid proximal ly, and the base of the 
thumb metacarpal distal ly. The radia l  artery courses through the snuffbox on its way to the dorsal 
first web space; in the depths of the snuffbox is the scaphoid. Injury to the scaphoid produces tender
ness in the snuffbox. 

32. What is the primary flexor of the MP joint? 
The intrinsic muscle tendons course volar to the MP joint axis of rotation and are the primary 

flexors of the MP joint. 

33. What is the primary extender of the MP joint? 
The extrinsic system extends the MP joint. 

34. Which extends the IP joint-the extrinsic or intrinsic system? 
The intrinsic system extends the IP joint when the MP joint is in hyperextension; the extrinsic 

system extends the IP  joint when the MP joint is in flexion. 

35. When the intrinsic muscles are paralyzed, how is the finger affected? 
Because the primary flexor of the MP joint is  lost, the MP joints tend to devel p a  posture of  hy

perextension-the position from which the paralyzed intrinsics are needed to extend the IP joints 
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(see question 32). Thus, the I P  joints fal l  into flexion, especial ly with intact profundus tendons, pro
ducing the c law defom1ity. 

36. Which interosseous muscles are innervated by the median nerve'? 
An easy way to remember the answer is the mnemonic LOAF: L stands for the two radial lumbri

cals, 0 for opponens poll icis, A for abductor pol l icis brevis, and F for the superficial head of the flexor 
pol l icis brevis  (FPB) .  The rest of the intrinsic muscles are innervated by the ulnar nerve. The radial side 
of the thenar eminence is innervated by the median nerve, the u lnar s ide by the u lnar nerve ( adductor 
pol l icis and deep or u lnar head of the FPB) .  

37. Which of the interosseous muscles abduct the fingers? Which adduct them? 
The four dorsal i n terossei ,  which arise from the adj acent surfaces of the shafts of the first, 

second, third, and fourth metacarpals and insert on the proximal phalanges of the index, m iddle, and 
ring fingers, abduct the d igits from the midl ine of the hand. The three volar interossei ,  which arise 
from the second, fou rth,  and fifth metacarpals and insert on the respective proximal  phalanges, 
adduct the d ig i ts toward the mid l ine.  The tendons from these m uscles l ie volar to the axis of M P  
motion but dorsal t o  the transverse metacarpal l igament (TMCL). 

38. What does the oblique retinacular ligament ( ORL) do? 
I t  contro ls  and coordinates flexion and extension between the I P  joints .  It courses beneath the 

P I P  joint and over the d istal interphalangeal (DIP)  joint. As the D I P  begins to flex, the ORL t ightens, 
del ivering flexor tone to the PIP joint; and when the PIP begins to extend, the ORL t ightens,  del iver
i ng extensor tone to the DIP  joint .  I t  thus ensures smooth, modulated, coordinated flex ion and exten
s ion to the I P  joints. It has been called the "cerebel lum" of the finger. 

39. What happens to the ORL in a boutonniere deformity? 
With the P I P  joint in flexion and the DIP joint in extension ( the boutonn iere posit ion), the ORL 

i s  l ax. Therefore, the ORL shortens ( as do a l l  l igaments in a lax posi t ion) and helps to maintain the 
deformity. 

40. What is the smallest extrinsic flexor tendon? 
The FDS to the l i t t le  finger not only i s  the smal lest tendon, but a lso is frequently nonfunc

t ional  or even m i ss ing.  I ts consistently smal l  s ize helps to ident i fy the indiv idual  cut ends i n  the 
spaghetti  wrist .  

41 .  Which interosseous muscles have insertions into the bases of the proximal phalanges? 
The first, second, and fourth dorsal interosseus muscles have bony insert ions from their superfi

cial bel l ies/medial  tendons. 

42. Where else do the interosseous muscles insert'? 
Al l  of the i nterosseous muscles have deep bel l ies/lateral tendons, which travel superficial to the 

sagittal bands into the aponeurotic expansion as transverse ( dorsal ly across the proximal phalanges) 
and obl ique fibers (paral le l  to the lateral bands) .  

43. Which individual structures are maintained in dorsal position by the transverse retinacu
lar l igament of Landsmeer'? 

Seven tendons are held in place in the region of the PTP joint :  the central s l ip  of the extrinsic ex
tensor, the two lateral bands, the two sl ips from the central s l ip  to the l ateral band, and the two s l ips 
from the lateral bands to the central s l ip .  

44. Which are the most important pul leys in the fibroosseous tunnel? 
The finger flexor uni t  functions wel l i f  the A2 and the A4 pul leys are preserved. Both are needed 

to prevent tendon bowstringing. The A2 and A4 pul leys are located at the prox imal  port ion of the 
proximal  phalanx ( proximal  prox ima l )  and the m iddle port i on of the m iddle phalanx ( m iddle 
m iddle), respectively. 
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45.  Why do the profundus tendons usually not retract into the palm after transection in the 
fingers? 

The profundus tendons are tethered by the lumbricals in the palm and by their adjacent profun
dus tendons, with which they have a common muscle belly. In  add ition, they may not have avulsed 
their vincula and thus s t i l l  may be attached to either the DlP or PIP volar p lates. 

46. Why can you not pull a superficialis tendon out through a pal mar incision if you release it 
from its insertions in the middle IJhalanx'? 

The superfic ial is tendon does not simply div ide when the profundus passes superfic ia l  to it: i t  
reconstitutes i tse l f  beneath the profundus ( the chiasm of Camper) before dividing final ly to i t s  two 
insertions. This structure prevents the superfic ial is from being pul led out, because it completely en
circles the profundus tendon. 

47. How is the long vinculum of the profundus tendon related to the short vinculum of the su
perficialis? 

The vincula are folds of mesotenon carrying blood supply to both tendons. Tormally, each of the 
profundus and superficial is tendons has a short vinculum (breve) and a long vinculum ( longum ) . The 
vinculum longum of the profundus tendon traverses the v inculum breve of the superficial is  tendon. 

48. Where in the tendon is the longitudinal intrinsic blood supply? 
l t  is concentrated in the dorsal (deep) aspect o f  the tendon, where the v incula enter. 

49. How are the tlexor tendons arranged in the carpal tunnel'? 
The profundus tendons l ie  side by side on its floor. The FPL is the rad ialmost member of th is  

group; the superfic ia l  is  tendons l ie on the profundus tendons arranged two by two;  the m iddle and 
ring finger tendons ( third and fourth )  are superficial;  the index and small finger tendons (second and 
fifth) l ie between them and the profundus row. Remember, 34 ( third and fourth ) is higher (more su
perficial ) than 25 ( second and fi fth) .  

Cross-section through the carpa l tunnel .  ( From 
Ariyan S: The Hanel Book. ew York. McGraw
Hi l l .  1 989. p 1 0. with permission.) 

50. How often is the palmaris longus tendon absent? 
Approxi mately 1 5% of pat ients do not have a palmaris longus tendon. 

5 1 . What is the second most useful tendon for grafting in the hand? 
I f  the palmaris longus tendon is absent, if  a longer tendon is  necessary, or i f  addnional tendons 

are needed, the plantaris tendons are excel lent sources of graft material. 
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87.  P HYSICAL EXAMINATION O F  TH E H A N D  

Christ ia n  A D u  manlier, M D .  and Raoul Tubiana ,  M D 

I .  It takes two months for a complete nail plate to grow. True or false? 
False. Na i l  plate growth is highly variable among indiv iduals and may be modified by numerous 

factors. However, i t  takes about 6 months for a complete nail plate to grow. At 2 months after av ul
sion. the nai l p late is v is ib le  only at the level of the proximal nai l  fo ld .  

2. Is it useful to have a proximal nail fold? 
Kligman's experiences have shown that the nail matrix i s  respons ible for a lmost all production 

of the nai l  plate but i s  unable to control i ts shape. The proximocl istal growth of  the nai l plate is, in  
part, controlled by the proximal nail fold. which l imits the growth in he ight  and forces the nai l  plate 
to grow distal ly. The proximal nai l  fold is also useful to protect the nai l  plate, which. at this level of 
the finger, is thin. fragi le.  and poorly adherent to the matrix. 

3. What is the Hutchinson 's sign? What does it mean? 
H utchi nson 's s ign is a dark d i scoloration or the nai l  plate and the prox imal or d istal nai l  fold. I t  

is h ighly suggestive of a subungual melanoma. 

4. What is the function of nails? 
Early medical descriptions state that nails were made for scratch ing, especial ly of the small ani

mals that l ive on our body. Science has since shown that this i s  not their only function. Nails contribute 
to thermoregulation because of their richness in neurovascular glomi. Their  main function is to serve as 
a counterpressure for the pulp that enhances discriminat ion. Patients wi thout nails are unable to button 
their shirt. Nai ls  also serve to pick up smal l objects and protect against trauma. Final ly, they also have a 
cosmet ic function. Since nai ls  are so usefu l .  maybe you should stop bit ing them before exams. 

5. What is the best test to appreciate the functional sensibility of the hand? 
Many sensory tests have been described, but most of them are useful only to appreciate central 

or medul lar neurologic lesions. To pick up and hold smal l objects correct ly, the hand m ust be able to 
discrimi nate and to recogn ize various forms or textures.  The best way to appreciate the functional 
sens ibi l i ty of the hand is to test i ts d i scrimination. 

6. How can you appreciate the sensory discrimination of a finger pulp? 
By us ing the t wo-po int-discrimination test described by Weber. The points of cal ipers are held 

against the sk in at d ifferent d istances from each other. The test determ i nes the min imal  d is tance at 
which the pat ient can d is t inguish whether one or two points are in contact with the skin.  The pat ient 
must be comfortable. and the examiner must avoid pushing aga inst the cal ipers with his or her fin
gers. thereby art i fic ia l ly i ncreasing the pressure. The higher the pressure, the wider the area of skin 
that is deformed and s t imulated. One or two points are touched in a random sequence along a longi
tudinal axis in the center o f  the finger t i p . The American Society for Surgery of the H anel recom
mends 7 correct answers out of 1 0  for two-point-discrimination. 

7. What is the normal value for the two-point-discrimination test at the pulp of the finger? 
Values vary according to fingers and individuals. In most pat ients, normal val ues vary between 

2-3 mm at the pulp of the finger. In  pat ients employed in heavy labor, normal values are c loser to 
5-6 mm. l n  patients with congenital  or acqu i red bl indness i t  may be as low as 1 -2 mm. 

8. Why do patients with a low ulnar nerve palsy often have permanent abduction of the small 
finger? What is the name of this deformity? 

This acquired deformity i s  known as Wartenberg\ sign. B lacker et a l .  have shown that the ex
tensor d ig i t i  min imi  tendon has two bundles. The rad ial  most tendon passes over the center of the 

45 1 
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axis  of abduction-adduction of the metacarpophalangeal (MP) joint or sl ightly radial to it . The u lnar 
tendon, which is the th icker of the two, passes ulnar to the axis in most patients and gains a finn at
tachment to the tendon of  the abductor digi t i  quint i .  By means of these s l ips, the extensor d ig i t i  
min imi  has acquired a bony attachment to the tubercle of the proximal phalanx. The extensor digit i  
minimi thus has the potential  to abduct the l ittle finger through this indirect i nsertion. 

9. How do you test the flexor digitorum profundus (FDP) tendons? 
Tendons of the FDP insert on the volar aspect of the distal phalanx of the fingers. The FOP tendon 

is the only tendon that allows flex ion of the distal phalanx onto the middle phalanx. To test this tendon, 
the examiner should immobil ize the proximal interphalangeal (PIP) joint in complete extension and 
ask the patient to flex the distal phalanx. In patients with l imited stTength or mobility, i t  is easier to ap
preciate even a small amount of motion if you place the wrist and MP joint in complete extension. 

The FOP tendon a l lows flex ion of the d i  ta! phalanx onto 
the middle phalanx. To test the FOP tendon, immobilize the 
Pl P joint in complete extension and ask the pat ient to flex 
the distal phalanx. 

10. How do you test the tlexor digitorum superficialis (FDS) tendons of the fingers? 
Tendons of the FDS insert on the volar aspect of the middle phalanx and flex the middle phalanx 

on the proximal phalanx. However, to examine the FDS tendon, it is  mandatory to block the act ion 
of the FOP tendon, which is also able to flex the PIP joint after flexing the distal interphalangeal 
( DIP) joint. To block the FOP, the tendons of which arise from a common muscle belly, you need 
only to block the DIP joint of two or three fingers in extension. ln doing so, you prevent the action of 
the FOP on the finger you wish to test. You obtain only flex ion of the middle phalanx on the proxi
mal phalanx without flexion of the DIP joint. During flex ion of the PJP joint. the extensor mecha
nism g lides distal ly. Patients are unable to control the motion of the distal phalanx from this posit ion. 
This phenomenon, known as the "floating" distal phalanx, does not always hold true for the index 
finger, in which the FDP muscle belly is often independent of the three ulnar finger . 

When the patient is asked to flex the finger. you obtain  flex ion 
only in the PIP joint i f  the FDS tendon is  blocked. Patients are 
unable to control the motion of the distal phalanx in this position. 
This phenomenon is known as the "floating" distal phalanx. 

1 1 . If I try to test the FDS of the little finger as described above, why does the patient flex only 
the MP joint and not the PIP joint? 

I .  About 1 5% of people do not have an FDS tendon for the l itt le finger. 
2. Another group (also about 1 5% )  has a tendon that is not functional. 
3.  Some people have an FDS tendon for the l i tt le finger that is functional but highly adherent to 

the FDS tendon of the ring finger, which is maintained in extension. lf you al low the PJP joint of the 
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ring finger to flex, the  patient wi l l  flex the PIP joint of the l ittle finger. MP joint flexion of the l i ttle 
finger is provided by the flexor digiti quinti and the abductor digiti minimi .  

12. How can you determine whether there is  an FDS in the index finger if the FOP of the index 
is independent? 

There is only one test to determine whether the FDS of the index finger is  present. Ask the pa
t ient to hold a sheet of paper between the pulp of the thumb and index. The examiner pul ls  on the 
paper while the patient tries to resist. Because flex ion strength is provided by the FDS, in a normal 
finger the digit wi l l  be sl ightly flexed at the PIP joint and extended at the DIP joint as in a "pseudo
boutonniere" deformity. In a patient without an FDS tendon, the DIP joint wi l l  flex to resist the trac
tion and the PIP joint wi l l  stay in extension in a "pseudomallet" deformity. 

13. In patients with rheumatoid arthritis who are unable to extend the ulnar three digits, what 
are the possible diagnoses? 

I .  Rupture of the extensor tendons must be suspected. Extensor tendons usual ly rupture after 
attrition on a dorsally subluxated u lnar head. In such cases, if you ask patients to extend the fingers, 
you wi l l  see no bowstringing of the extensor tendons beneath the skin. 

2.  In patients with u lnar deviation of the fingers, extensor tendons may dis locate in the inter
metacarpal valleys. In such cases, if  the MP joints are not st iff, passive extension of the fingers wi l l  
allow the patient to maintain the extension. 

3.  The rarest cause is compression of the posterior interosseous nerve at the elbow. Usually in 
such cases, extension is  weak but still possible, and wrist flexion will draw the fingers into extension 
as a result of the tenodesis effect. 

14. How can you determine that the extensor pollicis longus tendon is intact and functional? 
The extensor poll icis longus (EPL) tendon inserts on the dorsum of the distal phalanx of the thumb 

and is responsible for active extension of the distal phalanx. In most patients, its rupture leads to a flex
ion defom1ity of the IP joint and inability to extend the distal phalanx actively. However, extension of 
the intrinsic muscles of the thumb and adhesions between the EPL tendon and the extensor pol l icis 
brevis (EPB) tendon give some patients the ability to achieve complete active extension of the IP  joint 
even if the EPL tendon i s  ruptured. To be sure that the EPL tendon is intact, ask the patient to place his 
or her hand flat on a table. The patient is then asked to raise the thumb off the table (retropulsion). The 
EPL muscle is the only muscle responsible for this movement. You can also see and palpate the bow
stringing of the tendon beneath the skin. Rupture of the EPL tendon was first described in drum players 
of the Prussian aimy, but you will probably see it more often in patients with Coll es' fractures. 

15. If flexion of the MP joint is l imited, how can you determine whether the extensor tendons 
are adherent at the dorsum of the hand or at the wrist level'? 

By using the tenodesis effect. As most tendons cross several joints, i t  is  possible to contract or 
relax them by changing the position of these joints. In the case of adhesion at the wrist level, wrist 
extension adds some flexion at the MP joint, whereas MP joint flexion does not change if the adhe
sion is located on the dorsum of the hand. This test is  val id only if there i s  no l igamentous retraction 
at the MP joint. 

16. What is Allen's test? How do you perform it? 
Allen's test evaluates the patency of the radial and u lnai· aiteries at the level of the wrist. The pa

tient is  asked to raise and clench his or her hai1d to exsanguinate the cutaneous vascular bed. The ex
aminer compresses the radial artery in the radial groove and the u lnar artery in Guyon 's canal. The 
patient opens the hand without hyperextending the fingers. The palm appeai·s pal l id .  The examiner 
releases one compressed artery and notes the time required for the palm to recover its normal color. 
The ma11euver is then repeated to evaluate the other artery. 

17. How do you determine a rotational deformity of the finger-in flexion or in extension? 
In flexion. The only way to determine a rotat ional deformity is  to ask the patient to flex his or 

her fingers. Because of the orientation of the MP and PIP joints, all of the fingers converge in flex ion 
toward the scaphoid tubercle. Thus, even a m inor rotational deformity that may not be apparent in 
extension becomes obvious. (See figure at top of next page.) 
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I n  t he  case of rotational deformity ( fracture, malunion),  nexion of a finger 
causes overlapping of one finger upon anorher in either a radial or an ulnar di
rection. (From Tubiana R: The Hand, Vol .  I. Ph i lade lphia, W.B .  Saunders, 
I 985, with permission.) 

18. Why is DIP joint tlexion more im1>ortant when the PIP joint is tlexed than when the PIP 
joint is extended? 

This c l in ical test is called the Haines-Zancol l i  test. Limited flexion of the DlP joint, when the P I P  
joint i s  maintained in extension, is clue to the retaining action o f  the oblique retinacular ( Landsmeer's) 
l igament. Landsmeer's l igament inserts on the proximal phalanx and digital sheath, volar to the axis of 
flex ion-extension of the PIP joint. It ends on the extensor tendon, dorsal tu the axis of flex ion-ex tension 
of the DIP joint. As a result, there is more stress on Landsmeer's l igament in extension of the P I P  joint 
than in flexion; thus, DIP joint flexion is easier with the PIP joint in flexion than in extension. 
Landsmeer's l igament coordinates the movement of the IP  joints.  I t  is placed under tension by flex ion of 
the DfP joint, which causes simultaneous flexion of the PfP joint. The l igament is also placed under ten
sion by extension of the PIP joint, which in turn causes extension of the DIP joint .  ontraction of the 
oblique retinacular l igament has been described in the boutonniere deformity and Dupuytren's disease. 

The Haines-Zancol l i  test is considered positive i f  flexion 
of the d istal phalanx is not possible when the m iddle 
phalanx is maintained in extension: i t  is poss ible only i f  
the middle phalanx i s  flexed. A positive test i s  the result 
of contraction of the oblique retinacular l igament. (From 
Tubiana R: The Hand, Vol .  I l l .  Philad Jphia. W.B. Saunders, 
I 988, with permission . )  

1 9. In patients experiencing stiffness with extension of the PIP joint, which clinical test identi
fies contracture of the interosseous muscles? 

The Finochietto-Bunnel l  test .  When the MP joint is in extension. the conu·acted i nterosseous 
muscles impede flexion of the PIP joint because of the traction exerted on the extensors. Flexion of 
the MP joint relaxes the extensors, and flexion becomes possible at the PIP joints. 

A 

A positive Finochietto-Bunnell test in a swan-neck defor
mi ty of the finger wi th  intrinsic muscle contracture. 
When the proximal phalanx is maintained in extension, it 
is impossible to flex the middle phalanx. Jn cases of con
traction of the intrinsic muscles, flexion of the proximal 
phalanx al lows flexion of the m iddle phalanx. (From 
Tubiana R: The Hand, Vol .  J r J .  Phi ladelphia, W.B. Saunders, 
I 988, with permission.) 
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20.  Which clinical test is specific for de Quervain's tenosynovitis? How is it  performed? 
Finkelstein's test. De Quervain's tenosynovit is  affects the first dorsal extensor compartment as 

its contents (APL and EPB tendons) pass over the radial s ty lo id .  Ask the patient to flex the thumb 
in to the palm and to maintain i t  wi th the other fingers. The wrist i s  then p laced in u lnar deviation, 
which causes a sharp pain at the radial styloid due to tension on the APL and EPB tendons. 

Finkelstein 's test for de Quervain 's tenosynovitis. The test is pos
itive if the patient experiences sharp pain on the radial styloid 
when you suddenly p lace the wrist in u lnar deviation. (From 
Tubiana R, Thomine JM, Mackin E: Examination of the Hand 
and Wrist. London, Martin Dunitz, 1 996, with permission.)  

21.  Which clinical signs are suggestive of flexor carpi radial is tendinitis? 
A lthough it has been described only recently (Fi tton et a l . ,  1 968), flexor carpi radia l  is (FCR) 

tendinit is i s  not a rare disease. As i n  most cases of tendin i t is ,  pain is the most frequent complaint and 
i s  increased by resisted active contraction and passive stretching of the muscle-tendon unit .  In FCR 
tend ini t is ,  pain i s  loca l ized on the volar aspect of the wrist and frequently radiates to the forearm. 
Pain is increased by resisted wrist flexion and passive extension of the wrist. Swel l ing is sometimes 
present along the tendon of the FCR and must be d ifferentiated from a wrist ganglion. Some patients 
complain of d iffuse pain and paresthesias on the base of the thenar eminence secondary to irritation 
of the pal mar cutaneous branch of the median nerve. 

22. If the IP joint of the thumb is flexed, why does the DIP joint of the index finger flex simul
taneously? 

This anatomic variation, known as L inburg 's sign, is present in about 30% of people. I t  is due to ad
hesions in the carpal tunnel between the FPL and FOP tendons of the index finger. Flex ion of the thumb 
sometimes causes other fingers to flex. This variation usual ly causes no functional impairn1ent but has 
been described as a source of problems in some musicians who lack independence of the fmgers. 

23. In a patient who has sprained an MP joint, how can you diagnose a ligamentous rupture 
with instability? 

To appreciate i nstab i l i ty you must apply stress to the col lateral l igament in adduction or abduc
tion. However, abduction-adduction laxity of the MP joint in extension i s  nom1al because the coll at
eral l igaments are not under tension. If you place the MP joint in complete passive flex ion, because 
of their eccentric i nsertion and the shape of the metacarpal head, the collateral l igaments w i l l  be 

under tension without laxity in either abduction or adduction in normal patients. I t  i s  then easy to ap
preciate abnormal laxity in patients with l igamentous ruptures. 

24. What are the etiologies of a swan-neck deformity of the fingers'? 
In swan-neck deformity, the PIP joint is in extension and the DIP joint i n flexion. Swan-neck defor

mity is due to excessive traction by the extensor apparatus inserted on the base of the middle phalanx 
and i s  favored by laxity of the PIP joint. 

ORJGIN 

PIP joint 

Etiologies of Swan-neck Deformity 

CAUSES 

Volar p late defic iency 

EXPLANATION 

Severe spra in of anterior volar plate; sequela of 
dorsal PfP dislocation; progressive stretching of 
volar plate due to synovitis, as i n  rheumatoid 
arthritis 

Table continued on next page. 
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ORIGIN 

Anterior structures 
of the PIP joint 

I ntr insic muscle 
con tractu re 

Extrinsic tendons 
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Etiologies of Swan-neck Deformity (Continued) 

CAUSES 

Rupture of FDS tendon 

Primary muscle contracture 
Secondary muscle contracture 

Chronic mal let finger 

I ncreased tension on extensor 
apparatus 

EXPLANATlO 1 

Rupture may be traumatic  or secondary to 
synovitis, as in rheumatoid arthritis 

Spasticity, compartment syndrome 
Volar dislocation of MP joint . as in rheumatoid 

arthritis, brings intTinsic tendons into position 
dorsal to axis of MP joints; their force acts to 

increase forces of extensor apparatus 

To extend distal phalanx, patients increase 
tension on extensor tendon. w h ich  results 
i n  increased tension on central s l ip of ex
tensor tendon 

Wrist flex ion deformi ty, as in rheumato id ar
thrit is, or destruction of proximal insertion 
of  extensor communis  at MP level 
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88.  RADIOLOGIC EXAMI N ATIO N O F  TH E HAN D 

Wilfred C G . Peh , M B B S . ,  D .M .R .D . ,  F R . C R ,  and Louis A. Gi lu la , M . D  

1 .  Who performed the first radiograph of the hand? 
Wilhelm Conrad Roentgen, the discoverer of x-rays, performed the first radiograph of the hand 

in 1 895 .  Roentgen, then Professor at the Un iversity of Wi.irzburg in Germany, was subsequently 
awarded the first Nobel Prize for Physics in recognition of his great d iscovery. He obtained an image 
of his wife 's hand using a photographic plate. This radiograph is widely accepted as the first radi
ograph of a human. 

First radiograph of the hand, performed in 1 895 by Wilhelm Conrad 
Roentgen. (Reproduced wi th permission of Siemen·s Medical Systems, 
Inc., lselin, New Jersey.) 
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2. Name some of the most common causes of diagnostic errors in interpreting radiographs of  
the hand after trauma. 

• Inadequate c l inical h istory and physical examination 
• Acceptance of poor quali ty radiographs 
• Fai lure to recognize an abnormal ity that is actually present 
• Fail ure to obtain or insist on an adequate number of proper radiographic projections 
• Missing a second signi ficant finding, such as another fracture, dis location, or foreign body 

3. What is Brewerton's view? 
A radiographic projection described by D.A. Brewerton in 1 967 for demonstrating involvement 

of the metacarpal heads in rheumatoid arthritis. This projection aims at profi l ing the second through 
fifth metacarpophalangeal (MCP) joints with no overlapping of adjacent cortical surfaces. It is  sensi
tive for reveal ing early erosions due to synovial arthritis and occult fractures of the metacarpal heads 
that may not be seen on routine v iews. 

4. Why is Rolando's fracture considered a significant injury? 
Rolando's fracture is  a Y-shaped or comminuted fracture of the proximal phalanx of the thumb 

that involves the carpometacarpal (CMC) joint and commonly requ ires internal fixat ion.  Proper 
al ignment may otherwise be d ifficult to maintain because of the strong thumb adductors at the base 
of the proximal phalanx. 

A 49-year-old man with Rolando's fracture of the left thumb. The 
cornminuted fracture i nvol ves the CMC joint,  and the major shaft 
fragments are displaced radial ly. I nternal fixation was requ i red for 
stabilization. 

5. How are intraarticular fractures of the base of the phalanges classified? 
Steele's classification consists of three categories. Type I is  a nondisplaced marginal fracture.  

Type I I  is a comminuted, impaction fracture. Type I l l  is a displaced intraart icular fracture with sub
l uxation of the fracture fragments. 

6. List the radiographic hallmarks of rheumatoid arthritis. (See figure, top of p. 458.) 
• Periart icular osteoporosis • Joint space narrowing 
• Periart icular soft tissue swell ing • Proximal and bilateral symmetric disease 
• Marginal erosions distribution 

7. How can the ulnar deviation deformity of rheumatoid arthritis be explained? 
The pathogenesis is not fully understood. It appears to be init iated by inflammatory arthritis of 

the metacarpophalangeal joint with a rise in intraart icular pressure. Destruction of the l igamentous 
and capsulm· tissues results in instabi l ity of the joint. Another contributory factor may be instabil ity 
and ulnar di placement of extensor tendons. Ligamentous lax ity of the fourth and fifth CMC joints, 
resulting in metacarpal volar descent, also may play a role. 
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Leji, A 65-year-old woman wi th rheumatoid arthritis. Erosions (arrows) of MCP and PIP  joints as well  as the 
distal forearm bones are present bi laterally. Note soft t issue swelling around al l  MCP joints and joint space nar
rowing at all affected joints. Right, Advanced rheumatoid arthritis in a 44-year-old woman. N te ulnar deviation 
at MCP joints of all digits. Bony ankylosis involves 1he intercarpal bones (arro11•s), and ulnar translation of the 
carpus is  present, other features of rheumatoid arthritis. 

8. What is the pattern of involvement of primary osteoarthritis? 
Primary osteoarthrit is affects the distal and proximal interphalangeal joints of the digits and the 

CMC joint of the thumbs in  a b i lateral symmetric fashion. I t  is found predom inant! in the hands of 
m iddle-aged and older women. Its major features include bone production or osteophytes around 
narrowed joints. 

9. Which is the most common benign bone tumor of the hand? 
Enchondroma.  In fact, about 50% of enchondromas are found in the hand and wrist .  

Radiograph ical ly, the tumor i s  seen as a wel l -defined lucent lesion in the d iaphysis or metadiaphysis 
and may have a wel l -defined sclerot ic rim. I t  is often expans i l e  w i th a preserved cortex. The en
dosteal cortex typical ly  i s  scalloped or has multiple smal l  concavit ies. The presence of internal chon
droid-type calcifications i s  considered characteristic. 

Enchondroma of the proximal phalan. of the left ring 
finger in a 58-year-old woman. The lesion contains typi
cal punctate internal calcifica1ions and expands the bone 
with preservation of the cortex. Scal loping (arrows) in
volves the enclosteal surface of the overlying cortex. 

10. Why is the finding of multiple enchondromas significant? 
The condition of mul t iple enchondromas is named Ol l ier's disease. When found in combination 

w ith soft t i ssue hemangiomas, the ent i ty i s  known as Maffuci 's syndrome. Radiographical ly, phle
bol i ths and soft t issue masses may be seen at the sites of hemangiomas. Mal ignant degenerat ion of 
enchondroma to chondrosarcoma may occur in up to 25% of patients with O l l ier's d i  ease by the age 
of 40 years. Maffuci 's syndrome is associated with an even h igher frequency of malignant transfor
mation of enchondromas. 
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1 1 . Which is the most common malignant bone tumor of the hand? 
Metastases. Metastases and myeloma should be considered 

whenever a lyt ic lesion is  detected in anyone over the age of  40 
years, especially i f  the lesion has i l l -defined margins and/or corti
cal breakthrough. B ronchogenic carcinoma is the most common 
origin for metastases to the bones of the hand. 

12. Besides metastases and enchondromas, list the other dif
ferential diagnoses for multiple lytic bone lesions. 

Fibrous dysplasia, eosinophi l ic granuloma, myeloma, hyper
parathyroidism (brown tumor), and infection. 

1 3. What d isorder typical ly produces well-defined erosions 
with overhanging margins? 

Gout. In  chronic  advanced gout, tophaceous deposits are as
sociated with intra- or periarticular erosions. These erosions are 
we l l -defined, have overhanging edges, and may have sclerotic 
margins. Tophi calcification is  unusual and may reflect a coexist
ing abnormality of calcium metabol ism. 

Dista l  phalangeal metastasis in  a 
67-year-old man. Note bony de
struction with associated soft 
tissue mass, normal m ineral i za
tion of the adjacent phalanx, and 
relatively preserved D IP  joint (or 
"adjacent interphalangeal joint"). 

14. Which disease is characterized by the combination of periarticular soft tissue calcification 
and subperiosteal bone resorption? 

Hyperparathyroidism secondary to renal fa i lure .  Subperiosteal resorption is  most frequently 
seen at the radial aspects of the middle phalanges of the hand and is considered a classic finding for 
hyperparathyroidism. In severe disease, terminal phalangeal resorption also may be present. When 
the serum calcium-phosphorus ion product is  elevated, metastatic calcification may occur within 
nomial tissues, particularly around joints. Chronic renal fai lure with secondary hyperparathyroidism 
is the most common cause of metastatic calcification and is usually seen in patients on long-term 
dialysis. The calcification may decrease or disappear with correction of the metabolic abnormality. 

15. List the major causes of a short fourth metacarpal. 
Trauma, infarct ion (e .g . ,  sickle-cel l  anemia), Turner's syndrome, pseudohypoparathyroidism, 

pseudopseudohypoparathyroidism, idiopathic shortening, and multiple exostoses. 

16. What is classically described as the best way to image reflex sympathetic dystrophy (RSD)? 
Three-phase bone scintigraphy. Al l  phases should have abnormal increased uptake. The 3-hour 

delayed images of bone scintiscans have a 96% sensit ivi ty and 97% specificity iJ1 the diagnosis of 
RSD. There is  diffuse increased isotope uptake around the radiocarpal, intercarpal ,  carpometacarpal ,  
metacarpophalangeal, and interphalangeal joints. Radiographical ly, RSD may manifest as severe os
teoporosis and soft t issue swel l ing. 

Bone scintiscan (3-hour delay) of a 30-year-old man with reflex 
sympathetic dystrophy of the left hand. Note di ffuse increased 
isotope uptake at the wrist and proximal finger joints. The first 
two phases also displayed increased isotope uptake. 
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1 7. Does ultrasound have a role in  imaging tendons? 
Most definitely. By using a h igh-frequency l inear transducer. with a stand-off pad, high-resolu

tion images of the tendons can be obtained. The tendons have a general hypoechoic appearance with 
mult iple longitudinal internal fibers. Flexing and extending the finger al low idemi fication and dy
namic evaluation of the indiv idual tendons. Indications include tenosynov it is ,  local ized tendinit is ,  
tendon rupture, and functional assessment of repaired tendons. 

Longitudinal ultrasound scans of the finger extensor tendons in  two different patients. A, A normal tendon in a 
64-year-old man has a smooth regular outline (arrowheads) with fine l i near internal echoes. B. A repaired tendon 
in a 23-year-old man shows an echogenic focus (arrows) at the repair site. Range of motion was normal .  

18. ls magnetic resonance imaging (MRI) useful in staging soft-tissue tumors? 
Yes. In fact, MRI is currently the modality of choice for tumor staging because it provides exact 

in formation about the location and extent of the tumor and its relationship to the surrounding tissues, 
particularly the neurovascular structures. This info1mation is important for treatment planning. 

CONTROV ERSI ES 

19. Can MRI provide a specific tissue diagnosis of soft-tissue tumors? 
Most soft-tissue tumors in the hands are benign. From the combination of signal haracteristics on 

different pulse sequences and morphologic appearances, certain benign tumors can be diagnosed with 
confidence on MRI, including l ipoma, giant-cell tumor of the tendon sheath, hemangioma, arteriove
nous mal formation, and ganglion cyst. For benign tumors with atypical appearances or lesions that do 
not fit into the above l ist, mal ignancy cannot be excluded. Plain radiographs should always be evalu
ated in conjunction with MR images because calcifications, ossification, and co11ical abnormal i t ies 
may be m issed on MRI.  

Left, Lipoma of the first web space in a 53-year-old woman. Sagittal T I  -weighted MR image shows the typical 
homogeneous high-signal intensity of a well -defined fatty lesion (arrows). The lesion signal intensity is s imi lar 
to that of the subcutaneous and marrow fat. Right, Acute synovit is and synovial hyperplasia of Lhe left long finger 
in a 52-year-old woman. Coronal T2-weighted MR image shows increased signal of the thickened synovium of 
the tendon sheath (arrows). 
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20. Does MRI have a role in monitoring the treatment response of inflammatory arthropathies? 
Perhaps. The role of MRI is s t i l l  evolving.  Inflamed synov ium can be demonstrated on T2-

weighted images (see figure on bottom right of previous page). Subtle changes in the synovium, artic
u lar cartilage, and bone can be detected before they are apparent radiographically. The use of dynamic 
gadol inium-DTPA enhancement to identify active pannus appears to be a promising technique. 
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89. AN ESTH ESIA 

Rosemary H ickey , M D , and Somayaji Ramam u rt!iy ,  M D .  

1 .  Describe the relevant anatomy for upper extremity brachia! plexus blocks. 
The brachia !  plexus is  formed by 

the anterior primary d iv is ions of the 
fifth to eighth cervical nerves and the 
first thoracic nerve, with frequent con-
tributions from the fourth cervical and Shoulder inlle 
second thoracic nerves. The cervical 
nerve roots reorganize i nto superior, 
m iddle, and in ferior brachia !  plexus 
trunks. The trunks undergo a separa
tion i nto anterior and posterior divi
sions. As these divisions enre1: the axil la, 
they give way to cords. The posterior 
divis ions of all three trunks un i te to 
fom1 the posterior cord; the anterior di
v i s ions of the superior and middle 
trunks form the lateral cord; and the 
medial cord i s  the anterior div is ion of 
the inferior trunk. At the lateral border 
of the pectora l i s  m inor muscle,  the 
three cords reorganize to give rise to the 
peripheral nerves of the upper extrem
i ty, including the musculocutaneous, 
radial, median, and u lnar nerves. 
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Fonnat ion and distribution of the brachia! 
plexus and levels at which the vari ous 
components leave the sheath. ( From 
Winnie AP: Plexus A nesthesia,  vo l .  I .  
Philadelphia, W.B. Saunders, 1 990, with 
permission.) 

2. What is the concept of plexus anesthesia? 
Plexus anesthesia prov ides a system of s ingle-injection techniques for blocking the brachia! 

plexus. The concept is  based on the fact that a fascia! envelope, which extends continuously from the 
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intervertebral foramina to  the distal axil la, invests the brachia! plexus. This fascia! sheadi may be  en
tered with a single injection of a local anesthetic; the extent of anesthesia depends on die level of in
jection and the volume of local anesthetic injected at that level. 

3. What parts of the brachia! plexus are anesthetized by the interscalene, subclavian perivas
cular, and axillary techniques of brachia! plexus block? 

The interscalene block anesthetizes the roots, the subclavian perivascular techn ique the trunks, 
and the axil lary technique die cords of the brachia! plexus. 

4. What is the interscalene groove? How is i t  located? 
It is located between the anterior and middle scalene muscles. The block needle is  inserted i n  

this groove a t  the level of C6  (which i s  determined by extending a l ine laterally from the cricoid car
ti lage) in performing an interscalene or subclavian perivascular block. To locate thi groove, the pa
t ient is placed in the supine position with the head turned opposite to the side lo be blocked. The 
patient is instructed to raise his or her head slightly to make the sternocleidomastoid muscle promi
nent. The anesthesiologist then palpates the posterior border of the sternocleidomastoid muscle and 
asks the patient to relax. The palpating fingers are then rolled laterally across the belly of the stern
ocleidomastoid muscle until the interscalene groove is located. 

5. Although the block needle enters the interscalene groove for both interscalene and subcla
vian perivascular blocks, the needle direction differs. Describe the needle direction for each. 

For the interscalene block, the block needle is inserted into the interscalene groove perpendicu
lar to the skin in every plane, with a s l ight caudad direction. For the subclavian perivascular block, 
the block needle is  i nserted in the interscalene groove in a directly caudad direction. 

6. How is the correct location of the needle in the interscalene or subclavian perivascular 
space identified? 

Elicitation of a paresthesia in the distribution of the brachia! plexus roots ( interscalene block) or 
trunks (subclavian perivascular block) indicates the correct needle pos it ion within the brachia !  
plexus fascia. The patient may describe the paresthesia as an electric shock sensation in the arm or 
hand. A nerve stimulator a lso may be used to identify correct needle placement. The negative termi
nal of the nerve stimulator is  attached to the block needle, and the positive e lectrode is attached to an 
electrode on the s ide of the chest opposite to the arm that is being anesthetized. The needle is  ad
vanced until a muscle contraction in the arm or hand identifies the part of the brachia! plexus being 
stimulated. The needle is then advanced until the maximal contraction is identified. 

7. What is the "plumb bob" technique of brachia! plexus block? 
The block needle is i ntroduced at the midpoint of the clavicle and directed perpendicular to the 

skin in a posterior direction. With the patient supine, diis direction is directly toward the floor, fol low
ing the l ine of insertion that a plumb bob would generate. I f  necessary, the needle can be rotated in 
smal.I steps through an arc of approximately 30° in a more cephalad or caudad direction until a pares
thesia is elic ited. 

Blockade of the brachia)  plexus v ia  the plumb bob 
supraclavicular technique. (From Mul roy MF, 
Thompson GE: Supraclav icular approach .  In Hahn 
MB, McQui l lan PM, Sheplock J (eds): Regional 
Anesthesia: An Atlas of Anatomy and Techniques. St. 
Louis, Mosby, 1 996, pp 1 0 1 - 1 06, with pem1 i ssion.) 
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8. Describe the axillary technique of brachial plexus block. 
The patient is pl aced in the supine posit ion. The arm is abducted to 90°, and the forearm i s  

flexed, with the dorsum of the hand lying on  the table next to  the pat ient's head. The axil lary artery 
is palpated and fol lowed proximally until it disappears under the pectoral is major muscle. With the 
index finger over the pulse,  the brachia! plexus sheath is penetrated with the block needle, and the 
needle is  advanced until one of four endpoints is achieved: 

! .  A dist inctive c l ick is  felt as the needle penetrates the brachia! plexus sheath, with the short 
bevel of the block needle contributing to the perception of the cl ick. 

2 .  Paresthesia is  el icited in the distribution of the median, radial, or ulnar nerves. 
3. Arterial blood is aspirated, indicating puncture of the axi l lary artery. When arterial blood is 

aspirated, the block needle may be advanced and the injection made behind the artery; alternatively, 
half of the local anesthetic can be injected behind the artery and half after withdrawing the needle to 
the front of the artery. 

4. A nerve st imulator may be used to local ize nerves within the ax i l lary sheath. The specific 
muscle twitch response that is e l icited identifies the nerve being stimulated. A contraction of an ap
propriate muscle group in the hand or foream1 at a current of 0.5 amps or less indicates proper place
ment of the block needle within the brachia! plexus sheath. 

9. What is the multiple compartment concept? 
Thompson and Rorie described the presence of septae that extend inward from the brachia! plexus 

sheath and create mult iple compartments around the neurovascular bundle. These septae inhibit the 
spread of local anesthetic when it is deposited in a single injection technique (as popularized by Winnie). 
Other authors, however, have not observed septae or have found them to be thin and incomplete. 

10. What is the advantage of using a catheter technique for brachial p lexus block? How is 
i t  done? 

The insertion of a catheter al lows repeated injections of local anesthetic for long surgical proce
dures. In addition, continuous infusions of analgesic concentrations of local anesthetic may be con
t inued for postoperative pain rel ief. A blunt-tip needle and catheter set (Contiplex) may be used; 
identification of a fascia! click signi fies entrance into the brachia! plexus sheath. The proper position 
of the catheter may be tested by injecting 2--4 ml of cold ( refrigerated, 4-6° C) normal saline through 
the catheter. The sal ine el ici ts a short but distinct cold paresthesia into the arm and/or hand, indicat
ing correct position of the catheter. Alternatively, paresthesia or nerve stimulator techniques may be 
used to ident ify correct placement of the advancing needle. 

1 1 .  What determines the choice of local anesthetic for brachial plexus block? 
The choice of local anesthetic is based on desired duration of anesthesia, necessity of motor block, 

and any history of local anesthetic al lergy. Lidocaine and mepivacaine are useful for outpatient surgical 
procedures when the desired duration of anesthesia is 2 hours or less. For longer procedures, a combi
nation of mepivacaine and tetracaine (made by adding 60 mg of tetracaine crystals to 40 ml of 1 .0% 
mepivacaine) is usefu l .  Cockings used 1 .5% mepivacaine in a volume of 50 ml  and reported a 99% 
success rate with a transarterial technique. The addition of epinephrine in a concentration of I : 200,000 
is useful in prolonging the duration of l idocaine or mepivacaine. lt is also useful for the early detection 
of an intravascular injection, particularly in a technique such as transarterial axi l lary block, in which 
the axi l lary artery is  deliberately punctured. Bupivacaine and the new local anesthetic ropivacaine 
are useful for long procedures (> 4 hours ) or when prolonged postoperative anesthesia is desirable. 

12. What is ropivacaine? What is its advantage over bupivacaine? 
Ropivacaine is  the only local anesthetic prepared as the pure s-isomer rather than a racemic 

mixture. Toxicity studies show that ropivacaine is less cardiotoxic than bupivacaine, although ropi
vacaine possesses some dysrhythmogenic potential . In a concentration of 0.5%, i t  has been shown to 
be an effective agent for brachia! plexus block with an onset and durat ion s imi lar to bupivacaine. 
Both are long-acting agents that produce profound sensory and motor block. 

13. What is the purpose of alkalinization of a local anesthetic'? 
lt has been used to improve onset time and with brachia! plexus blocks has produced conflicting 

resul ts .  The principle is  that raising the pH increases the percentage of the non ionized free-base form 
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of the anesthetic. This form crosses the nerve cell membrane to reach the site of action of local anes
thetics. Although not all studies have demonstrated a benefit of alkalin ization, one recent study noted 
that alkalinization shortened the onset of anesthesia in several nerve distributions. 

14. What potential complications are associated with interscalene block? 
Some of the main complications of interscalene block include ubarachnoid injection, epidural 

injection, injection into the vertebral artery, pnuemothorax, cerv ical sympathetic block (Homer's 
syndrome), recurrent laryngeal nerve block (hoarseness), and phrenic nerve block. Complications 
that may occur with each technique of brachia! plexus block include local anesthetic overdose, a ller
gic reaction to the local anesthetic, intravascular injection, hematoma fonnation, and nerve trauma. 

15. What is the mechanism of phrenic nerve block? How can it be diagnosed? How common is 
i t  after interscalene block? 

Phrenic nerve block may resul t  from diffusion of local anesthetic cephalad to involve the more 
proximal cervical roots (C3, C4, and CS) or from an improperly performed block with local anes
thetic deposited outs ide the brachia! plexus sheath, anterior to the anterior scalene muscle. U ltra
sonography or conventional x-ray technique may be used for diagnosis. Chest radi graphs are taken 
in inspiration and expiration, and the position of the diaphragm is compared. A phrenic nerve block 
is indicated by l i tt le or no movement between inspiration and expiration. A lternatively, a double-ex
posure technique may be used. The patient is  instructed to take a fu l l ,  deep inspiration, and the first 
image is taken. The patient is  then asked to perform a complete expiration, and a econd image is 
recorded on the same fi lm,  thus al lowing evaluation of diaphragm movement between inspiration 
and expiration. One study noted a 1 00% incidence of ipsi lateral hemidiaphragmatic paresis diag
nosed by ultrasonography in a group of patients receiving interscalene blocks. Although generally 
no treatment i s  requ ired for'phrenic nerve block, decreases in pulmonary function (approximately 
25% decrease in forced vital capacity and forced expiratory reserve volume at J second) may occur. 
l nterscalene blocks should be avoided, therefore, in patients who cannot tolerate reduction in pul
monary function, particularly patients in whom the opposite hemidiaphragm i s  already paralyzed. 

1 6. How is injection into the vertebral artery and epidural or subarachnoid spaces avoided 
with an interscalene block? 

Careful aspiration before injection and a sl ightly caudad needle direction lessen the l ikel ihood 
of inadvertent injection into the vertebral artery and epidural or subarachnoid spaces. 

1 7. If the subclavian artery is punctured in performing a subclavian perivascular block, the 
block needle should be redirected in which direction to locate the brachia! plexus trunks? 

The needle should be redirected more dorsally, because the subclavian artery l ies anterior to the 
trunks of the brachia! plexus. 

1 8. How is the risk of pnuemothorax minimized in performing a subclavian perivascular block? 
The principal cause of this complication is  a needle d irection that drifts media l ly toward the 

cupula of the lung; this direction should be avoided. 

19. How is a pnuemothorax treated if it develops as a complication of interscalene or subcla
vian perivascular brachia! plexus block? 

If the pneumothorax is small ,  the patient is  given oxygen and observed, provided that positive 
pressure ventilation does not have to be initiated for general anesthesia with a failed block. I f  the pneu
mothorax is larger than 20%, aspiration through a smal l-gauge catheter fol lowed b) patient observa
tion is  often all that is  necessary. In rare cases, a chest tube is  required for reexpan ion of the lung. 

20. What nerve distribution is frequently missed when an interscalene block i performed'? 
The ulnar nerve distribution may be difficult to anesthetize with an interscaJene block because the 

block is pe1formed at the level of C6, which is cephalad to the derivation of the ulnar nerve (C8-T l ) .  

2 1 .  What are the advantages of  an axillary block compared with an interscalene or subclavian 
perivascular block? 

An axil lary block is performed remote from the neck and thorax; thus, the s ite-related compli
cations of blocks above the cl avicle ( in terscalene and subclavian perivascular) are avoided. S uch 
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complications inc lude cerv ical sympathetic block, phrenic nerve block, recurrent laryngeal nerve 
block, and vertebral, epidural, and subarachnoid injection. The location of the nerves of the brachia! 
plexus is  superficial in the axi l la,  leading to relatively easy ident ification of anatomic landmarks. 
One disadvantage is that a larger volume of local anesthetic is  required for an axil lary block than for 
an interscalene or subclavian perivascular block. 

22. Which nerves are frequently missed with an axillary block? Why? 
The musculocutaneous nerve is frequently missed with an axil lary block because the musculo

cutaneous nerve leaves the brachia! plexus high in the axil la, which may be proximal to the insertion 
of the block needle. Thus, the local anesthetic may not reach the nerve, particularly i f  a low-volume 
technique is used. If it is  necessary to block the musculocutaneous nerve, a separate injection is  made 
by reinserting the needle superior to the axil lary artery and injecting 5-8 ml of local anesthetic into the 
substance of the coracobrachialis muscle. The intercostobrachial nerve is derived from T2, which is not 
a part of the brachia! plexus and must be blocked separately. This nerve is  blocked by a subcutaneous 
skin wheal superfic ial to the axillary artery pulse, from the anterior to the posterior axil lary fold. This 
injection also blocks the medial brachia! cutaneous nerve, which also leaves the brachia! plexus high 
in the ax i l ia. Block of the intercostobrachial and medial brachia I cutaneous nerves provides analgesia 
of the upper inner aspect of the arm and al lows more comfortable use of a pneumatic tourniquet. 

23. If a postoperative nerve deficit may have been caused by the anesthetic, what should be done? 
A careful neurologic exam should be performed, and its resu l ts  shou ld be documented. An 

E MG, i f  done within 3 weeks of injury, may help to establish preex isting pathology if there is evi
dence of denervation of muscles. The EMG should be repeated 3 weeks after the block and surgery. 
If a patient had a normal preoperative study or a normal EMG soon after surgery but developed an 
abnormal EMG 3 weeks after the performance of the block, the block or surgical procedure (the pro
cedure itself or some other incident at the time of surgery, such as improper positioning or tourniquet 
use) may be the cause of the nerve damage. Early performance of electrodiagnostic studies, along 
with thorough neurologic evaluation, is  of great benefit in establishing the cause of the problem. 

24. Describe how the ulnar, median, and radial nerves can be blocked aro und the elbow. 
The ulnar nerve is blocked behind the medial epicondyle, where it is  palpab le ,  using a 1 .5-cm, 

25-gauge needle and 5 ml of the local anesthetic agent. Avoid impal ing the nerve on the bone to pre
vent damage to the nerve. 

The median nerve is  blocked by introducing a 3 .8-cm, 22-gauge short-beveled needle medial to 
the artery, s l ightly above the level of a l ine drawn between the epicondyles. The nerve is  identified 
by paresthesias or a nerve stimulator, and 5- 1 0  ml of local anesthetic is injected. 

The radial nerve is blocked 3-4 cm above the lateral epicondyle, where it is  close to the distal 
humerus, after piercing the lateral intermuscular septum. A 3 .8-cm, 22-gauge needle is introduced at 
this level, and 5- 1 0  ml of local anesthetic is injected after the nerve is identified by paresthesias or a 
nerve stimulator. 

25. How are wrist blocks performed? 
The median nerve is b locked by inserting a 1 .5-cm, 25-gauge needle between the palmaris 

longus and flexor carpi radial is tendons at the level of the ulnar styloid process or the proximal crease 
of the wrist. In die absence of the palma.ris longus, the needle is inserted on the ulnar side of the flexor 
carpi radial is tendon. After paresthesia is obtained, 5 ml of local anesthetic is injected, taking care to 
inject the anesthetic around the nerve rather than directly within the substance of the nerve. 

The ulnar nerve is  blocked by inserting a 1 .5-cm, 25-gauge needle at the level of the proximal 
crease of the wrist, just radial to the flexor carpi ulnaris tendon, which is made prominent by active 
flexion of the wrist . After obtaining paresthesia, 5 ml of local anesthetic is injected, again taking care 
not to inject directly within the substance of the nerve. The dorsal cutaneous nerve can be blocked 
by subcutaneous infi l tration of  approximately 5 ml of local anesthetic, beginning at the s i te where 
the ulnar nerve was blocked and extending the infi ltration to the midpoint of the dorsum of the wrist. 

The superficial branch of the radial nerve is blocked by subcutaneous infiltration with 5-7 ml 
of local anesthetic, starting radial to the radial artery and extending around to the midpoint of the 
dorsum of the wrist . 
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26. Why should a ring block be avoided to anesthetize a digit? 
A circumferent ial block around the base of the digit may result in gangrene secondary to com

pression of the digital arteries, even if no vasopressor drug has been added to the local anesthetic. 

27. How can a digital block be obtained? 
In the volar approach a skin wheal is made directly over the flexor tendon ju t proximal to the 

distal palmar crease, and 2-3 ml of local anesthetic without epinephrine is injected on each side of 
the flexor tendons where the digital neurovascular bundles are located. 

In the dorsal approach, which is a less painful method of blocking 1he digita l  nerves, the needle 
is inserted to the side of the extensor tendon, just proximal to the web. A skin wheal is made, and I 
ml of local anesthetic i s  i njected superficial  to the extensor hood to block the dorsal nerve. The 
needle is then advanced toward the palm until its tip is palpable beneath the volar skin at the base of 
the finger, just d istal to the web. Another I ml of local anesthetic is injected at th i  site to block the 
volar digital nerve. Before the needle is removed, i t  is redirected across the extensor tendon to the 
opposite side of the finger, and a small skin wheal is made overlying the other dorsal digital nerve. 
The needle is then withdrawn and reintroduced into the skin wheal on the opposite ide of the finger, 
and the same technique is repeated. Care should be taken to use smal l amounts of local anesthetic to 
avoid creating a circumferential ring block, which may result in vascular impairment of the digit . 

28. Describe the technique for performing a Bier block. 
A dual tourniquet is placed on the upper arm of the side to be blocked. An intravenous l ine is 

placed with a 20-gauge plastic cannula and a heparin lock attached. The ann is elevated and exsan
gu inated with an Esmarch bandage, start ing from the fingers and proceeding all the way to the 
tourniquet. The proximal tourniquet is then inflated, and the Esmarch bandage is removed. The local 
anesthetic is then slowly injected through the cannula. Lidocaine, 3 mg/kg given as 0.5% without 
preservative, provides anesthesia within 4-6 minutes and lasts as long as the tourniquet is inflated. 
The proximal tourniquet is left inflated for 20 minutes or until the pat ient notices discomfort. The 
distal tourniquet is then inflated, and when its inflation is confirmed, the proximal tourniquet is de
flated. Because the distal tourniquet is applied over an anesthetized area, the patient is not l ikely to 
experience discomfort for about 40 minutes. At the completion of the surgical procedure, the tourni 
quet is deflated for 1 5  seconds, reinflated for 30  seconds, and deflated again, especially i f  t he  dura
t ion of anesthes ia was 20 minutes or less. If the procedure lasts longer than 40 minutes, the 
tourniquet can be safely deflated without reinflation. 

29. What are the advantages of a Bier block? 
The B ier block is technical ly easy to perform and sui table for outpatient u rgery. B i l ateral 

blocks can be done safely. Rapid return of motor function enables the surgeon to evaluate the results. 

30. List the major disadvantages of the Bier block technique. 
l .  Tourniquet pain. Even with the use of the double cuff, pain due to the tourniquet l imits use 

of this procedure in operations lasting more than I hour. 
2. Problems with tourniquet release. When the tourniquet is released, a large bolus of anes

thetic enters the systemic circulation. This brief elevation of anesthetic level in the blood may produce 
systemic toxic reactions, including convulsions and cardiac irregularities. The longer the tourniquet 
remains inflated, the lower the anesthetic blood level. If the cuff is released for 1 5  seconds, reinflated, 
and then released again, the peak blood level is lowered and the possibi l i ty of systemic react.ion is de
creased. However, if the tourniquet pressure is decreased gradually, when it reaches a level below arte
rial and above venous pressure, local anesthetic enters the circulation, producing t ic blood levels. 

3 .  Loss of anesthesia after cuff deflation. The duration of po t inflation anesthesia i s  on ly 
5- IO  minutes, which may be inadequate in some procedures if the surgeon wants to attain hemosta
sis and then close the wound. 

4. Equipment problems. Equipment must be tested and the tourniquet cal i  rated before use. 
Once the tourniquet i s  inflated, the local anesthetic is injected only after the absence of the radial 
pulse is confirmed. If the proximal and distal cuffs are not properly identified and labeled as such, 
tourniquet pain is l ikely to be a problem. Constant vigilance is necessary to make sure that the equip
ment is in working order and to avoid accidental disconnection and deflation of the cuff. 
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90.  M ETACARPAL AN D PHALA N G EAL FRACTURES 

Norman  Weinzweig, M D ,  a n d  Mark H .  Gonza lez. M . D . 

Hand fractures can be complicated by deformity from no treatment, sti ffness from overtreatment, and 
both deform ity and stiffness from poor treatment . A.B.  Swanson (1970) 

1. Describe the epidemiology of fractures of the metacarpals and phalanges. 
Fractures of the metacarpals  and phalanges are the most common fractures of the skeletal 

system, accounting for I 0% of all fractures in several large series. They are most common in men in 
the second and third decades of l i fe. Depending on the patient population, fractures are most l ikely 
due to e ither industrial accidents or personal trauma. 

2. What is the distribution of fractures according to location? 
The d istal phalanx is the most commonly fractured bone in the hand (not even considering 

nail bed injuries), fol lowed by the metacarpals. The middle phalanx i s  the least commonly fractured 
because of its protected position and the higher proportion of cortical to cancellous bone. Metacarpals 
of the border digits are more exposed and sustain more fractures than the central digits .  On the other 
hand, phalanges of the central digits are longer and sustain more fractures than the border digits. In 
adults, metacarpal fractures are more common than phalangeal fractures, whereas in chi ldren the 
converse is true. In chi ldren, one-third of fractures are epiphyseal and 80% Salter I I .  Fracture stabi l ity 
i s  seen in three-fourths of phalangeal fractures, one-third of metacarpal fractures, and two-thirds of 
fractures in chi ldren. Approximately 20% of metacarpal and phalangeal fractures are intraart icular. 

3. How are fractures classified'? 
• Bones involved: d istal, middle, or prox imal • lntraarticular or exrraart icular 

phalanx, metacarpal • Closed or open 
• Location within bone: base, shaft, neck, head • Stable or unstable 
• Pattern: transverse, spiral, oblique, comminuted • Deformity: angulation, rotation, shortening 
• Displaced or nondisplaced • Associated injuries: skin, tendon, nerve, vessel 

4. Describe the initial evaluation of patients with hand fractures. 
Crucial to diagnosis and treatment of hand fractures are a thorough h istory and physical examina

tion. H istory should include handedness, occupation, avocation, mechanism of injury (e.g., crush injury 
with compartment syndrome), time s ince injury ("golden period"), and place of injury (e.g. ,  home, 
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farm, industry). Physical examination often provides the diagnosis and should include local tenderness, 
swel l ing, deformity (angulation, rotation, shortening), alignment (all fingert ips must point toward the 
scaphoid), range of motion (active/passive flex ion and extension, intrinsics), and neurovascular status. 

5. How is rotation of a finger fracture evaluated? 
With the fingers part ia l ly flexed, the fingernai ls  should form a gentle arc. The digi ts  should 

point toward the scaphoid without overlap. 

6. What type of radiographs should be obtained'? 
Radiographs should include anteroposterior (AP) and lateral v iews of the individual digi t ,  

oblique v iews when the fracture is close to or involves a joint, pre- and postreduction v iews, and spe
cial views as indicated, such as a Brewerton view for clari fication of l igament-avulsion i njuries of 
the metacarpal head, a Robert view (true AP of thumb metacarpal with hand in maximal pronation) 
for the first metacarpal-trapezium joint ( Bennett's fracture), and a reverse Robert v iew for the fifth 
metacarpal-ham ate joint. 

7. What is the Salter-Harris classification of epiphyseal injuries in children? 
Salter-Harris I: occurs in early childhood when the growth plate is  thick with large hypertro

phying chondrocytes and a weak zone of provisional calci fication. The fracture occurs through the 
plate itself, wi th separation of the epiphysis from the metaphysis ,  usua l ly by a pure shear mecha
n ism. Prognosis is  good. 

Salter-Harris II : usual ly  occurs after age I 0, through the plate and metaphysi . The epiphysis 
is  sep<U"ated, and a small fragment of metaphysis is broken off with it. Tension by hear or avulsion 
with an angular force causes cartilage failure, whereas compression causes met:aphyseal failure. 

Salter-Harris Ill: usually occurs after age I 0. An intraarticular fracture of the epiphysis occurs 
secondary to an avu lsion force, without involvement of the epiphyseal plate. This type of fracture i s  
associated with a poor prognosis unless accurate reduction is  performed. 

Salter-Harris IV :  occurs at any age; rare in the hand. Fracture occurs from the articular surface 
through the epiphysis plate and metaphysis by compression loading of a portion of the articular sur
face. Prognosis is poor without anatomic al ignment. 

Salter-Harris V:  occurs at any age; extremely rare in the hand. A compression fracture occurs 
with damage confined to the epiphyseal plate by severe axial load. The prognosis i poor because of 
potential growth arrest. 

Normal Salter-Harris I Salter-Harris D Salter-Harris ID Salter-Harris IV Salter-Harris V 

The Sal ter-Harris classification of epiphyseal fractures. (From Lister G: The Hanel: Diagnosis and Indications, 
2nd eel. Edinburgh, Churchi l l  Liv ingstone, 1 984, p 50, with permission.) 

8. Describe the general principles for management of hand fractures. 
First and foremost, treat the patient, not the radiograph. In general, a force of sufficient magni

tude to fracture bone can cause significant injury to enveloping structures such as e intrinsic mus
cles, tendons, l igaments, and neurovascular structures. I n  some cases (e .g . ,  r lier or crushing 
injuries), decompression must be performed in a timely fashion. 

Most fractures can be treated successful ly by nonoperative means. They are f nctionally table 
before or after closed reduction and do well with splintage and early mobilization. The goal is  restora
tion of nonmtl function with the three Rs: reduction, retention, and rehabilitation. After accurate fracture 
reduction, the hand should be immobil ized in the intrinsic plus or safe position with extremity elevation 
to minimize edema. Movement of the uninvolved fingers should be pem1itted to prevem stiffness. An ex
ercise program should be directed toward the specific fracture with early mobil ization of the injured 
finger. Do not forget that the proximal interphalangeal joint is the most impo11ant joim in the hand. 
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9. How are stable fractures managed? 
Stable fractures can often be treated by buddy taping and/or spl inting. Repeat radiographs are 

performed at 7- 1 0  days to check the reduction. 

10.  What is an unstable fracture? 
Unstable fractures cannot be reduced with a closed method or, i f  reduced, cannot be held in the 

reduced position without supplemental fixation. Closed or open reduction and internal fixation are 
required to prov ide stabi l ity and allow early mobilization. 

1 1 .  How are unstable fractures managed'? 
I nit ial ly unstable fractures can be reduced and converted to a stable position by external immo

bi l ization (cast, cast with metal outrigger splint, anteroposterior plaster spl int) ,  c losed reduction and 
percutaneous pinning (CRPP), or open reduction and internal fixation (ORJF) .  

12.  What is the safe position for immobilization of the hand? Why is this important? 
The metacarpophalangeal (MCP) joints of the digits are maintained in maximal or near maxi

mal flexion. The head of the MCP is cam-shaped, and flexion maintains the col lateral l i gaments at 
maximal length. When splinted in extension, the collateral l igaments can shorten, causing a loss of 
flex ion. The interphalangeal (IP) joints of the digits are spl inted in near ful l  extension. Spl inting in 
flexion al lows the development of checkrein l igaments, causing volar plate contracture and perma
nent loss of flex ion at the IP joints. 

13. Describe the different methods of internal fixation. 

Kirschner pins 

Composite 
wiring 

Intramedu llary 
device 

lnterfragmentary 
fixation 

Plate and screws 

External fixation 

Frac111re S1abilizarion Techniques 
INDICATIONS (FRACTURE TYPES) 
Transverse 

Oblique 
Spiral 

Transverse 
Oblique 
Spiral 

Transverse 
Short oblique 

Long oblique 

Spiral 

Multiple fractures \Vith soft tissue 
injury or bone loss 

Markedly displaced shaft fractures 
(especially border metacarpals) 

I ntra- and periarticular fractures 
ReconstTuction for nonunion and 

malunion 

Restore length for comminution 
and bone loss 

Soft tissue injury/loss 
Infected nonunion 

ADVANTAGES 
Available and versati le 

Easy to insen 

Minimal dissection 

Percutaneous insertion 

More rigid than Kirschner pins 

Low profile 
Simple and available 

No special equipment 
Easy to i nsert 
No pin protrusion 
Minimal dissection 

Low profile 

Rigid 

Rigid fixation 
Restore/maintain length 

DISADVANTAGES 
Lacks rigidity 
May loosen 

May distract the fracture 

Pin tract infection 

Requires external support 
Splint/therapy awkward 

Pin/wire migration 
Secondary removal (sometimes) 
Exposure may be signi ficant 

Rotational instability 

Rod migration 

Special equipment 
Little margin for error 

Exacting technique 
Special equipment 
Extensive exposure 
May require removal 
Re fracture 
Bulky 

Preserves length Pin tract infections 
Allows access to bone. soft tissue Osteomyelitis 
Percutaneous insertion 
Direct manipulation of fracture 

avoided 

Overdistraction: nonunion 
Neurovascular injury 
Fractures through pin holes 
Loosening 

From Green DP (ed ) :  Operative Hand Surgery, 3rd ed. New York, Churchill Livingstone, 1 984, p 705, with permission. 

14. What is the apex dorsal bending rigidity (Newton-meters2) for the different internal f'ixa
tion techniques in metacarpal fractures? 

Dorsal p late and lag screw (0 .55) ,  dorsal plate (0 .50) ,  and crossed K-wire,  K-wire and in
traosseous wire, or intraosseous wire (0.07-0.08). Although the latter three techniques do not al low 
true rigid fixation, they do allow bony union and thus fracture treatment. 
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15. What are the indications for internal fixation? 
• Uncontrollable rotation, angulation, or shortening 
• Multiple d igi t  fractures that are difficult  to control 
• Displaced intraarticular fractures involving more than 1 5-20% of the articular surface 
• Fracture-subluxations of the thumb and l ittle finger carpometacarpal joints 
• Unstable fractures: fai lure of closed manipulation, as in spiral fractures of the proximal pha

lanx or transverse metacarpal fractures 
• Metacarpal head fractures 
• Open fractures 

16. What are the advantages of K-wire fixation? 
• Easiest technically • Early motion without rigid fixation 
• Requires minimal dissection • Supplements other methods of fixation 
• Universally available • "Bail-out" after failure of more complex techniques 
• Much more forgiving than other methods 

17. What are the disadvantages of K-wire fixation? 
• K-wires may loosen 
• K-wires may distract fracture fragments 
• Lateral bands may be skewered 
• Cannot obtain true compression or rigid fixation 
• Mult iple attempts may convert a simple closed fracture to a comminuted open fracture that is 

impossible to fixate 
• Pin tract infection 

18. How soon can motion be started? 
For nondisplaced fractures treated in closed fashion, motion can be started within 3 weeks if the 

fracture is  stable. M idshaft proximal phalangeal fractures require 5-7 weeks for complete bony heal
ing. Midshaft middle phalangeal fractures require I 0- 1 4  weeks for complete bony healing of the ex
ceedingly hard cortical portion of the bone (same as scaphoid fractures). 

19. How long do fractures requiring open reduction or severely comminuted fractures with 
disruption of the periosteum take to heal? 

Twice as long as simple fractures. 

20. Describe the treatment of extraarticular fractures of the distal phalanx. 
The distal phalanx is the most common ly fractured bone in the hand. The middle finger and 

thumb are most frequently involved in fracture. The mechanism of injury is usual l y  a crush injury 
with s ignificant soft tissue involvement. Cornrninuted distal phalangeal fractures generally demon
strate twice as many fragments intraoperatively as on radiographs. Anatomic reduction is  usually not 
necessary unless the articular surfaces are involved. Spl inting is performed for protection and pain 
control and discontinued after 3-4 weeks. The two more proximal joints are mobil ized to prevent 
stiffness. Epiphyseal plate injuries are treated by closed reduction with hyperexten ion. Associated 
nai l  matrix i njuries are treated by drainage of the subungual hematoma, fracture reduction, and 
nailbed repair with 7-0 chromic suture using loupe magnification. 

21. What are the deforming forces in extraarticular fractures of the middle phalanx? 
Fragments are displaced by the forces of the central slip, terminal extensor tendon, and flexor 

digitorum superficial is (FDS) insertion. Fractures proximal to the FDS insertion angulate dorsally, 
whereas fractures distal to the FDS insertion angulate volarly. 

22. What are the deforming forces in extraarticular fractures of the proximal phalanx? How 
are they treated? 

Proximal phalangeal fractures angulate volarly with the interossei flexing the proximal frag
ment and the central s l ip extending the distal portion. S table, nondisplaced, or impacted m iddle 
and proximal phalangeal fractures are treated by temporary protection with a splint  fol lowed by 
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dynamic spl inting (buddy taping). Closed reduction and immobil ization of the forearm, wrist, and 
injured digit as well as the adjacent digit(s) in a cast, cast with metal outrigger, or gutter spl int are 
usual ly adequate. Internal fixation may be used. Various tract ion techniques or external fixation 
methods are used for markedly comminuted fractures or bone loss. Avoid excessive traction, which 
may prevent bony union. 

23. How are closed diaphyseal fractures of the phalanges treated? 
Acceptable angulation of diaphyseal fractures of the proximal and middle phalanges is 1 0° in any 

plane. No malrotation can be accepted, and al lowable shortening is less than 5 mm. If a fracture is 
minimally displaced, i t  may be splinted with the MCP joints in ful l  flex ion and the IP joints in near 
full extension. Active motion should be started in 3-4 weeks to avoid stiffness. l f  the fracture is  dis
placed, closed reduction can be performed. A fracture than cannot be maintained with acceptable 
displacement in a splint is considered unstable. An unstable fracture can be treated with closed reduc
tion and percutaneous pinning or open reduction and internal fixation. Options for internal fixation 
include intraosseous wiring, compression screws, plates, and intramedu l lary fixation. D iaphyseal 
fractures of the distal phalanx can general ly be treated with closed reduction and splinting. 

Three methods of c losed reduction and percuta
neous pinning of a transverse phalangeal fracture. 
A, The fracture is  reduced, and a Kirschner pin is 
placed in  the proximal phalanx in retrograde fash
ion. 8, An alternative method of percutaneous pin
n ing for fractures of the proximal one-half of the 
shaft; the pins are driven in  anterograde fashion. 
C, Technique for c losed reduction and percuta
neous pin fixat ion useful for extraart icular frac
tL1res near the base of the proximal phalanx in  
which K i rschner pins cross the M P  joint .  (From 
Green DP (ed): Operative Hand Surgery, 3rd ed. 
New York, Churchi l l  Livingstone, 1 993, p. 732, 
with permission . )  

Intraosseous wire configurations. Top, 90-90 wires. Cemer, Single loop 
with supplemental Kirschner pin. 80110111. Parallel loops. (From Green 
DP (ed): Operative Hand Surgery, 3rd ed. New York, Churchi l l  
Livingstone, 1 993, p .  738, with permission . )  

24. What are the complications of phalangeal fractures? 
I .  Loss of motion results from tendon adherence at the fracture s i te and contracture, espec ially 

at the proximal interphalangeal ( PIP) joint leve l .  Extensor tenolysis rarely improves active PIP 
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joint extension. With ftexor adherence, either excise the FDS or resort to P l P  fusion a salvage pro-
cedure for severe flex ion contracture. 

2. Mal union secondary to volar angulation after fractures near the base of the proximal pha
lanx. Treatment consists of an opening wedge osteotomy and bone graft. 

3. Malrotation after spiral or oblique proximal and middle phalangeal fractures. Treatment con
sists of an osteotomy at the metacarpal or phalangeal levels. 

4. Pin tract in fection 
5 .  Nonunion resul ts from either bone loss, soft tissue interposition, inadequate immobil ization, 

or distraction at the fracture site. Treatment involves resection of nonviable bone and bone grafting. 

25. What is the best view for diagnosing metacarpal head fractures'? 
Metacarpal head fractures are often difficult to diagnose. B rewerton views should be obtained if 

a metacarpal head fracture i s  suspected. 

26. How are metacarpal head fractures treated? 
I .  Comminuted or oblique fractures with displacement require ORlF with K-wires or small screws. 
2. Comminuted fractures l imited to the metacarpal head distal to the l igament require early mo

bil ization after protection for several weeks. Displaced fractures prox imal to the origin of the l iga
ment may require ORIF. 

3. Collateral l igament avuls ion fractures require ORIF if displaced and/or more than 20-30% 

of the joint surface is involved. Obtain Brewerton v iews. 
4. Small osteochondral fracture fragments are general ly excised. 

27. What are possible complications of metacarpal head fractures'? 
• Avascu lar necrosis of the metacarpal head may occur after horizontal fractures. 
• Epiphyseal arrest may resul t  in shortening of the metacarpal, usually without functional loss. 

28. What is a boxer's fracture? 
A boxer's fracture is  a metacarpal neck fracture, usually resulting from a direct blow with com

minut ion of the volar cortex and dorsal angulation. Boxer's fracture is  a misnomer because most 
metacarpal neck fractures involve the l ittle and ring fingers, whereas a professional boxer is  most 
l ikely to injure the middle or index fingers with a more direct central impact of the punch. This results 
in angulation with the apex dorsal because of the pull of the intrinsic muscles. Malunion results in 
loss of prominence of the metacarpal head, diminished range of motion, and a palpable metacarpal 
head in the palm, which causes pain with grip. 

29. What is the Jahss maneuver? 
The Jahss maneuver is  a technique for c losed reduction of metacarpal neck fractures .  S ixty 

years ago Jahss recognized that flexing the MP joint to 90° relaxed the deforming intrinsic muscles 
and tightened the collateral l igaments, al lowing the proximal phalanx to exert upward pressure on 
the metacarpal head. He applied a cast in two parts, first immobilizing the proximal metacarpal frag
ment and then flexing the MP and PIP joints, pushing upward on the flexed PIP joint whi le applying 
the second part. The Jahss maneuver remains the best technique for c losed reduction of these frac
tures; however, fingers should never be maintained in the Jahss position (MP and PfP  joints both 
flexed at 90°) .  Instead, after reduction the fingers should be held in an intrinsic plus splint. 

B 
The Jahss maneuver for reduction of a metacarpal 
neck fracture . A. Arrows indicate the d irection of 
pressure application for fracture reduction. B. After 
reduction, the fingers are held in an i ntrinsic plus 
position i n  an ulnar gutter splint with molding as in
dicated by arrows. (From Green D P  (eel): Operative 
Hand Surgery, 3rd ed. New York, Church i l l  Living
stone, 1 993, p. 70 I , with pennissio . ) 
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30. How much angulation can be accepted in metacarpal neck fractures? How are they treated? 
The amount of angulation that should be accepted 

is controvers ia l .  Angulation is unacceptable if it in
volves pseudoclawing of the finger on distal extension. 
Pseudoclawing is compensatory MCP joint hyperexten
sion and PIP joint flex ion on attempted extension of the 
digi t .  Up to 40° of angu lat ion can be accepted in the 
mobile ring and l i tt le  metacarpals .  Closed reduction 
should be attempted for more than 1 5° of angulation. 
No more than I 0- 1 5° of angulation is acceptable for the 
index and middle metacarpals. These fractures are often 
associated with a lack of compensatory carpometacarpal 
motion. ORLF  is requ ired; crossed K-wires or tension 
band wiring may be used . For less than 1 5° of angula
tion, an ulnar gutter splint is applied for J 0- 1 4  days. For 
1 5--40° of angulation, reduce and apply an u lnar gutter 
spl int for 3 weeks. For greater than 40° of angulation, 

B 

Tension band wiring (A) and single K i rschner 
pin fixation (8) of a metacarpal neck fracture. 
(From Green DP (eel): Operative Hand Surgery, 
3rd eel. New York, Churchil l  Livingstone, 1 993, 
p. 703, with pennission.) 

volar comminution, extensor lag, or unacceptable reduction, treat with percutaneous pinning. ORIF 
is usual ly not necessary. Angulation exceeding the recommended degrees can lead to a prominent 
metacarpal head in the palm and painful grasp. Any rotational deformity is unacceptable. 

31 .  How are metacarpal shaft fractures treated? 
Transverse fractures are usual ly caused by direct blows (axial loading). They demonstrate dorsal 

angulation secondary to the strong volar force exerted by the interosseous muscles. The more proxi
mal the fracture, the less the angulation that can be tolerated. Oblique and spiral fractures result from 
torsional forces acting on the finger as a lever ann. No rotation is acceptable because as l i tt le as 5° of 
rotation in a metacarpal fracture may cause up to 1 .5 cm of digital overlap. Up to 5 mm of shorten
ing is acceptable. The intermetacarpal l igaments minimize the degree of shortening. Closed reduc
tion and plaster immobilization are usual ly adequate. Placing a patient in a "clamdigger" or intrinsic 
plus splint prevents contractures. If closed reduction is unsuccessfu l ,  perform an open reduction with 
percutaneous pinning or another method of internal fixation, such as plating or lag screw compres
sion. Immobility is the chief cause of stiffness. 

A c 

Techniques for Kirschner pin fixation of metacaqial shaft fractures. A, Transverse pins may be i nserted percuta
neously or open. 8, Retrograde intrameclul lary fixation. Note that the pin is backed out so that i t  does not remain 
in  the MP joint .  C. Crossed p ins (leji) and supplemental 25-gauge stain less steel wire (rig/11). ( From Green DP 
(eel): Operative Hanel Surgery, 3rd eel. New York, Churchi l l  Liv ingstone, 1 993, p.  705, with permission.) 

32. What are the complications of metacarpal fractures? 
( 1 )  Malunion causes dorsal angulation, which can disturb intrinsic muscle balance and produce 

metacarpal head prominence in the palm with pain on grasping. This complication is treated by a volar 
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opening wedge osteotomy and plate fixation. A rotational deformity is  corrected by an osteotomy to 
the metacarpal base. (2) Nonunion is caused by bone loss from a gunshot wound or distraction that 
prevents bone approximation and healing. (3) Other complications include MCP extension contrac
tures, intrinsic muscle contractures, pin tract infect ion, tendon adherence, and refracture. 

33. What is a Bennett's fracture? 
A Bennett 's fracture is  an intraarticular fracture-subluxation involving the base of the thumb 

metacarpal. I t  results in a vertical or oblique fracture through the volar beak of the metacarpal, exit
ing the diaphyseal-metaphyseal junction ulnarly. The strong anterior oblique l igament ( vo lar beak 
l igament) stabi l izes the variably sized ulnovolar fragment in anatomic position while the metacarpal 
fragment subluxates radially, proximally, and dorsally. The major defonning forces are the abductor 
pollicis longus and adductor pol l icis. Supination also occurs. 

34. What is the epidemiology of Bennett's fractures? 
Bennett's fractures are 1 0  times more common in men than in women. Pat ient are usually in 

their 30s;  the dominant hand i s  injured in 70% of cases. Most patients sustain an axial blow to the 
thumb with the metacarpal in some degree of flexion from a fall on an unstretched hand, striking a 
blow with a clenched fist, fal l ing on a ski slope, or impact of the hand against a dashboard. Con
comitant fractures are uncommon; the trapezium is most commonly involved. 

35. How are Bennett's fractures treated? 
Treatment requires anatomic reduction by ei ther CRPP or ORIF and pinn ing or screw p lace

ment. Reduction of the fracture-dislocation is easy, but retention is difficult .  Longit dinal traction is 
applied to the thumb metacarpal, which is radially extended and pronated with direct pressure over 
the fracture site. The thumb metacarpal is  then stabil ized by fixing it to the index metacarpal, trapez
ium, or both, using one or two pins-between the thumb and index metacarpals, thumb metacarpal 
to trapezium, thumb metacarpal to u lnovolar fragments, or any combination of the above. 

36. What is a reverse Bennett's fracture? 

Fixation of a Bennetl 's fracture. Leji, A Ki rschner 
pin i s  inserted between the thum and i ndex meta
carpals. Righi, Pins are passed fr m the metacarpal 
shaft in to the Bennetl fragment. (From Green D P  
(eel): Operative Hand Surgery, 3rd ed. New York, 
Churchill Livingstone, 1 993. p 749, with pennission.) 

lt is  an intraarticular fracture-dislocation involving the base of the l ittle finger metacarpal .  I t  is 
analogous to a Bennett's fracture of the thumb. The deforming forces are the extensor carpi ulnaris and 
hypothenar muscles. Anatomic reduction of the mobile carpometacarpal (CMC) joint is necessary. 

37. What is a Rolando's fracture? 
Rolando's fracture is an intraart icular fracture of the base of the thumb metacarpal in T, Y, or com

minuted form. Treatment consists of closed or open reduction and K-wire pinning. F r comminuted 
fractures, mold in a drnmb spica cast for 3-4 weeks. A classic two-part Rolando ' fracture may be 
reduced and interfragmentary fixation performed either with multiple K-wires or a plate . (See figure 
at top of next page . )  

38. What role does the  CMC joint of  the  little finger play? 
The CMC joint of the l i ttle finger allows 30° of flex ion and extension. Rotation al lows normal 

cupping of the palm in grip (opposit ion). Inadequate reduction results in major residual functional 
disabi l i ty with weakness of grip. 
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Fixation of a Rolando's fracture. Leji , Provisional 
fixation is accomplished with a clamp and K irsch
ner pin .  Right ,  The final fixation is accomplished 
w i th a T-plate (T = trapezium) .  (From Green DP 
(ed): Operative Hand Surgery, 3rd ed. New York, 
Churchi l l  Liv ingstone, 1 993, p 75 1 ,  with permission.) ............. 

39. How are open fractures treated? 

T 
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Al l  open fractures must be cultured; patients are placed on intravenous antibiotics. Open frac
tures are converted to clean wounds by thorough irrigation ( Hydrojet) and debridement. Fractures 
caused by gunshot wounds (low velocity) general ly sustain m inimal damage to tendons and nerves. 
Fo1mal exploration of the entire bullet trnct is  not necessary; the entrance and exit wounds are simply 
cleansed. Skeletal stabi l i ty is  restored either primarily or as soon as possible (as in the case of exten
sive open injuries with mult iple fractures) by simple immobi l ization, K-wire fixation, external fixa
tion, or immediate bone graft ing (in special cases). Severely comminuted fractures extending onto 
joint surfaces may d iscourage any form of fixation, and arthrodesis may be necessary. Soft t issue 
coverage may be necessary before fracture fixation or bone grafting. 

40. How are fractures with segmental bone loss treated'? 
Fractures with segmental bone loss are treated as open fractures .  Occas ional l y, the wound i s  

packed open. Length and stabi l i ty are maintained by  K-wires or external fixation. For defi nitive re
construction, the various components of the injury must be addressed. The soft t issue wound often 
requires flap coverage. Immediate or delayed bone reconstruction is performed with bone grafts. 
Nerve and tendon reconstruction and vascularized joint transfers may be necessary. 

41.  What is the "lag screw" technique of interfragmentary compression? 
This technique provides rigid fixation and is primari ly  indicated for long obl ique and spiral 

shaft fractures. I t  is  usual ly indicated for fractures in  which the length of the fracture line is  at least 
twice the diameter of the bone. Lag screw fixation involves passing a screw through a gliding hole in 
the near fragment (nonthreaded and of wider diameter than the threads of the screw) into a smaller 
hole in the far fragment (tapped to the same diameter as the screw threads) which then grabs the far 
cortex. As the screw is t ightened ( lagged), the threads grip and draw the far fragment towards the 
near fragment, approximating the fragments and compressing the fracture. Ideally, longitudinal com
pressive forces are best counteracted by placing the screw 90° to the bone's long axis, and torsional 
stresses are best resisted by placing the screw 90° to the fracture. 
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LIGAME NT I N J U RI ES 

W .  Bradford Rockwel l ,  M D . ,  and R. Chris Wra lJ ,  J r . M . D .  

1 .  Explain the difference between true collateral and accessory collateral ligaments. 
The thick collateral l igaments of the phalanges arise from the condyles of the proximal  bone 

and insert on the pal mar third of the distal bone and the distal lateral margin of the palmar plate. The 
true collateral l igament inserts distal ly on bone, whereas the accessory col lateral l igament i nserts 
distally on the pal mar plate. 

2. What soft tissue structures provide stability to the proximal interphalangeal (PIP) joint? 
Soft tissue s tructures  that form a box around the PIP joint are the co l lateral l igaments on 

ei ther s ide,  pal mar plate, and dorsal capsule. The dorsal capsule is  very thin and pr v ides m inimal 
stabil i ty to the joint .  The col lateral l igaments on the radial and ulnar s ides and the pal mar p late are 
firm structures. For dis locat ion to occur, at least 2 of the 3 strong structures must be d isrupted. 

3. How is the functional stability of a joint tested? 
The stabi l ity is tested through active and passive motion. Stabil ity during active motion suggests 

joint stabil ity, although a partial l igament tear may exist. Recurrent displacement with active motion 
indicates major l igament disruption. The position in which displacement occurs may indicate the s i te 
of disruption. Passive motion provides the final assessment of stability. Each collateral l igament as 
wel l  as the palmar plate is stressed to measure stabi l i ty. 

4. What are the three types of dorsal PIP dislocations'? 
Joint dislocations are described with respect to the distal bone in relation to the proximal bone. 

The three dorsal PIP dis locations are ( I )  subluxation with some articular surface st i l l  in contact, (2) 
dorsal dis location with no art iculating joint surface, indicating avul sion of the pal mar plate wi th  
major bilateral split of the col lateral l igaments, and (3) fracture-dislocation, which may be stable or  
unstable. Subluxation, dis location, and stable fracture-dislocations are treated wi th  closed reduction 
and an extension blocking spl int ,  al lowing ful l  active motion except for the l ast 30° of extension. 
Unstable fracture-dislocations require operative repair. 

5. What is the treatment for chronic PIP dorsal subluxations? 
Ch.ronic PIP dorsal subluxations may result from laxity of the PIP palmar plate or an extensor 

tendon imbalance, usually from a mallet deformity result ing in a swan-neck posture. If passive PIP 
mobil ization demonstrates a distal interphala.ngeal (DIP) extensor lag, treatment is  aimed at correct
ing the extensor mechanism. PIP palmar plate laxity is  corrected with either palmar plate reattach
ment or joint tenodesis using one sl ip of the superficial is tendon. 

6. Are dislocations of the finger DIP and thumb interphalangeal (IP) joints common? 
No. These dislocations are rare and usually dorsal. The majority are treated with c losed reduc

tion and immobil ization for 1 0-2 1 days before active motion is begun. 

7. With an injury to another part of the hand, what anatomic difference between the meta
carpophalangeal (MP) and PIP joints accounts for immobilization of MP joints in flexion and 
PIP joints in extension? 

The metacarpal head is characterized by a cam effect in which the length of the col lateral l iga
ment attachment to the art icular surface is greater with the joint flexed at least 50° than with the joint 
extended. The PIP joint col lateral l igament possesses a uniform length. Spl i nting MP joints i n  at  
least 50° of flex ion keeps the col lateral l igaments on stretch and does not al low their shortening. PIP 
joint position does not  affect the length of the collateral l igaments. PIP joints are spl inted i n  exten
sion to avoid a flex ion contracture. 

476 
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8.  Which anatomic structures contribute to  a complex or  irreducible MP joint dislocation. 
MP joint  d is l ocations are most commonly dorsal and involve the index or l i t t le finger. The 

metacarpal head of the index finger is detached from the weak membranous portion of the pal mar 
plate, which may become inserted between the metacarpal head and the base of the proximal pha
lanx. The lumbrical muscle is stretched around the radial border of the metacarpal head, and the 
flex or tendons are stretched around the ulnar border. The metacarpal head of the I itt le finger is en
trapped between the abductor digiti minimi and flexor digiti minimi tendons ulnarly and the lumbri
cal muscle and flexor tendons radial ly. Axial traction tightens these structures and makes reduction 
more difficult .  MP joint flexion and axial traction may allow closed reduction. 

9. Do digital carpometacarpal (CMC) dislocations occur? 
The l igament configuration of the index and middle CMC joints, cal led the fixed unit, is highly 

stable.  D islocations of the digi ta l  CMC joints are uncommon. When they occur, they are usual ly 
dorsal and most commonly involve the fifth joint, fol lowed by the the fourth. Frequently, a fifth CMC 
joint d is location is accompanied by a fracture, termed Baby Ben11e1t' s ji"aClure-dis/ocation. This 
fracture may be missed wi th only a PA radiograph and requires operative reduction and fixation. 

10. What is gamekeeper's thumb? 
Injury to the ulnar col lateral l igament (UCL) of the thumb MP joint is common. Forced radial 

deviation of the thumb produces the injury, which results in trauma to the dorsal capsule, UCL, and 
ulnar aspect of the palmar plate. This injury is called gamekeeper's thumb or skier's thumb. 

1 1 . Describe Stener's lesion. 
The UCL of the thumb MP joint  has bony attachments deep to the adductor aponeurosis .  In 

complete disruptions of the UCL from the proximal phalanx, the abductor aponeurosis may become 
interposed between the distal end of the UCL and the proximal phalanx, producing poor heal ing and 
persistent l igament laxity. Operative repair is required. 

12. What soft tissue structure provides the most stability to the thumb CMC joint? 
The saddle contour of the articular surfaces of the thumb CMC joint provides inherent intrinsic 

stabi l i ty. The capsular thickening comprising the volar beak l igament, which passes from the trapez
ium to the volar beak of the thumb metacarpal, is a key structure in maintaining CMC stabi l i ty. 

13. Does joint subluxation occur at the thumb CMC joint? 
The thumb CMC joint is also called the basal joint. Joint laxity most commonly occurs in post

menopausal women as a result of laxity of the volar beak l igament. The most common fom1 of recon
struction uses the flexor carpi radial is ( FCR) tendon as a soft t issue support for the base of the 
metacarpal; the rest of the tendon is interposed in the space created by excision of the trapezium. 

14. What is the most common complication after joint or ligament injury? 
Ligament injury requires joint immobil ization and may require operative repair. Joint stiffness re

sults and may be further worsened by intraanicular swelling and resulting fibrosis. Early joint motion 
minimizes postinjury stiffness, but preference must be given to joint immobilization until adequate l ig
ament stability has developed. 
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Norman  Weinzweig, M . D . ,  and J effrey Weinzweig, M . D .  

1 .  Which mechanisms of injury to the hand often result i n  significant soft tissue loss requir
ing reconstruction? 

A plethora of destructive culprits awaits the unsuspecting hand. Examples include crush injuries, 
such as roller or punch press mishaps; frostbite; thermal and electrical injuries; and bla t injuries. Soft 
tissue loss requiring reconstruction also may result from debridement for infection, excision of neo
plasms, subcutaneous infiltrations of intravenous solutions, and direct injection of caustic agents. 

2. What injuries present the most difficult challenges for soft tissue coverage? 
Injuries involv ing the tactile surface of the hand with disruption of its sensory supply represent 

the most difficult reconstructive problems. The reconstructive goal must include restoration of sensi
bil ity if maximal function is  to be achieved. 

3. What are the indications for flap coverage? 
A skin graft requires a suitable recipient bed, such as muscle, fascia, paratenon. or periosteum. 

ln the absence of structures capable of revascularizing a graft, as in cases of exposed bone without 
periosteum or exposed tendon without paratenon, a wel l-vascularized flap is necessary to provide 
durable soft tissue coverage. 

4. How is a wound prepared for flap coverage? 
Pulsati le irrigation with several l i ters of antibiotic solution, debridement of all devital ized t issue, 

and eradication of infection are mandatory prior to flap coverage. Serial debridement and placement 
of a string of tobramycin-impregnated beads beneath a Tegaderm pouch (changed after 3-5 days) 
are often useful approaches in the preparation of a contaminated wound. 

5. What is the significance of random and axial flaps? 
In the early 1 970s, I an McGregor i ntroduced the concept of random and axial  flaps, which 

was a s ignificant breakthrough in the understanding of skin vascularity. Before thi t ime, flap s ize 
and design were largely predicated on fortuitous length-to-width ratios on a trial -and-error basis, 
ranging from I :  I on the extremi t ies to 5: l on the face. A random pattern flap " lacks any s igni fi
cant bias in its vascular pattern" and " is  subject to the restrictions h itherto genera l ly accepted in 
flap design," whereas an axial  pattern flap "has an anatomically recognized arteriovenous system 
running along its axis" and, therefore, "is not subject to many of the restrict ion that apply to 
random pattern flaps." 

6. Describe the venous anatomy of the upper extremity. 
Three venous systems exist in the forearm : the superficial epifascial system, venae comitantes, 

and perforating veins. The superficial system consists of the cephalic vein, basi l ic vein, and commu
nicating veins between them. The venae comitantes are paired veins that travel paralle l to the radial ,  
u lnar, anterior interosseous, and posterior interosseous arteries deep to the fascia. The perforating 
veins connect the superficial and deep systems. The superficial system and venae comitantes contain 
bicuspid valves, preventing retrograde fi l l ing. The valves in the communicating system are less con
stant and usually unicuspid. 

7. How does blood bypass the valves in  a retrograde flap? 
Initial ly, it was thought that venous flow occurred through the bypassed valves by c !lateral veins in 

the superficial and deep systems and by crossover between the venae comitantes, which have valveless 
communicating branches between certain comitantes valves. However, experimental evidence casts 
doubt on this process as the only mechanism of retrograde flow. Recently, Timmons postulated that 
three processes are necessary for reverse flow to occur: ( I )  increased venous pressure proximal to the 
valve, (2) disruption of sympathetic tone, and (3) venous filling proximal and distal to the valves. 
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8. Can a fasciocutaneous flap be elevated from the dorsal aspect of the forearm? 
Yes.  A large fasciocutaneous flap-the posterior interosseous artery flap---can be elevated from 

the dorsal aspect of the forearm. This vessel originates from the common interosseous artery in 90% 
of people and the ulnar artery in I 0% and usually is found 2 cm proximal to the ulnar styloid beneath 
the extensor indicis proprius.  The posterior interosseous artery flap territory has been shown to 
extend from the level of the wrist to a point 4 cm below the epicondyles, although some contend that 
the area is l imited to the distal and middle th irds of the forearm. l t  is useful for covering defects of 
the dorsal and palmar aspects of the hand and the first web space. 

9. What is a distant pedicle flap? What are the indications for its use? 
Distant pedicle flaps are not based on the involved extremity; donor sites include the chest, ab

domen, and gro in .  The use of such flaps necessitates a delay period (usual ly 2-3 weeks) during 
which the pedicle flap remains attached to both the recip ient and donor sites. The upper extremity is 
immobil ized to prevent flap disruption; stiffness of the h ip and upper extremity may occur in older 
patients as a result .  After the delay, the pedicle is divided, the donor site closed, and the flap inset. 
The use of a distant pedicle flap is indicated when local or regional flaps are either unavailable or in
sufficient to provide adequate soft t issue coverage or the patient is not a candidate for free tissue 
transfer. 

10. What is the most commonly used distant pedicle flap? 
The groin flap. 

1 1. What is the significance of the groin flap"? 
The groin flap, reported by lan McGregor and Ian Jackson in 1 972, was one of the first axial 

pattern flaps to be described. I t  was revolutionary because i t  allowed greater potential for reconstruc
tion of d i fficult upper extremity wounds. It is a versati le flap with a reliable vascular silpply that is 
capable of covering l arge defects of the hand and wrist and provides an excellent tissue bed for sub
sequent procedures such as tendon reconstruct ion. 

12. How is a groin flap designed"? 
The groin flap i s  suppl ied by the superficial c ircumflex i l iac artery (SCIA) ,  a branch of  the 

femoral artery, and accompanying venae comitantes. The SCIA originates 2-3 cm below the mid
point of the inguinal l igament and courses lateral ly parallel to the inguinal l igament until i t  reaches 
the medial border of the sartorius muscle. The flap is designed by drawing a l ine from the anterior 
superior i l iac spine (ASIS)  to the pubic tubercle to mark the course of the inguinal  l igament. The 
femoral artery is palpated 2.5 cm below the l igament at the origin of the SCIA. A l ine is drawn later
al ly from this point and paral lel to the inguinal l igament to mark the course of the SCIA pedicle. The 
flap is centered over this l ine; the dissection is begun lateral ly and extended medially to the medial 
border of the sartorius. The fascia over the lateral border of the sartorius is incised and reflected with 
the flap to ensure inclusion of the pedicle. A flap that is 1 0  cm wide usually al lows tubing when the 
flap is needed for circumferential coverage of degloved digits. Donor sites up to 1 2  cm in width can 
be closed directly. 

ASIS 

Inguinal 
Ugament 

Groin flap. ( From Mih AD: Pedicle flaps for cover
age of the wrist and hand. Hand Cl in  1 3 :2 1 7-229, 
with permission.) 
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13 .  What are the  disadvantages of  the  groin flap? 
1 .  Dependent position of the hand during attachment and immobi l i zation causes edema with 

subsequent joint stiffness 
2. Difficulty with physical and occupational therapy due to immobi l ization of the upper extremity 
3.  Patient discomfort 
4. Two-stage procedure 

14. How are anterior chest wall and abdominal wall flaps designed? 
Anterior chest wall  flaps are designed on the anterolateral chest wal l or the infraclavicular 

region. The blood supply is  derived from the intercostal vessels or the thoracoepiga tric system and 
is oriented in a transverse-to-oblique direction toward the midl ine. Flaps designed on the contralat
eral chest wal l permit easier immobil ization of the exb·emity with the elbow flexed than flaps on the 
ipsi lateral chest wal l .  

Flaps elevated from the abdominal wal l are called epigastric flaps when they are above the um
bi l icus and abdominal flaps when they are below. Epigastric flaps are useful for coverage of large 
defects of the distal forearm or hand. A superiorly based flap crossing the midl ine obtains vascular 
supply from both sides. The forearm is placed in a comfortable position across the lower chest and 
the flap is designed as needed. Most abdominal flaps are inferiorly based random flaps in which flap 
length is  restricted to 1 .5 times the width. Axial pattern abdominal flaps can be based on the superfi
cial i nferior epigastric artery (SIEA),  a branch of the SCIA, as described by Shaw and Payne i n  
1 946. These flaps vary i n  length from 5-1 8  c m  and i n  width from 2-7 c m  and can used a s  tubed 
flaps with the base of the tube rotated through an arc of 1 80° to faci l itate positioning of the hand. 
Division and inset of each of these flaps is  performed at 2-3 weeks; donor site defects are covered 
with spl it-thickness skin grafts at the time of flap elevation or division. 

15. What is a fillet flap? 
A fillet flap is  a salvage flap consisting of the vascularized soft t issue of an otherwise muti lated 

digit. After excision of the phalanges and tendons, the fillet flap can be used for coverage of adjacent 
soft tissue defects. 

16. What are the indications for free tissue transfer? 
Various situations preclude the use of local, regional, or distant pedicle flaps. Involvement of the 

hand and forearm in an injury may el iminate all potential local or regional flap donor s i tes. Al though 
distant pedicle flaps, such as the groin flap, are useful for coverage of large defects, defects resulting 
from circumferential injuries are extremely difficult to cover with such a flap. Occasionally, defects 
involv ing the volar and dorsal aspects of the hand or more proximal circumferential defects can be 
covered by a combined groin and epigastric flap. However, free flaps offer far greater versati l i ty and 
avai labil ity of donor sites for coverage of extensive defects. In addition, tailoring of the free flap to 
suit the reconsb·uctive needs of the wound is easi ly accompl ished because of the d iversity of avai l
able flaps. Limb elevation, early mobilization, and the abi l i ty to cover even extensive circumferential 
defects are additional advantages to the use of free tissue transfer. 

17. Which free flaps are most commonly used? 
Numerous flaps are available for free t issue transfer. A flap is selected based on the particular 

needs of a given wound, including size, geomeb·y, location, and function. Thin,  p l iable coverage for 
the dorsum of the hand can be provided by a temporoparietal fascia, dorsalis pedis, r radial forearm 
flap. Thicker coverage for a pal mar or forearm defect can be provided by a scapular or lateral arm 
flap. Coverage of an extensive circumferential defect can be provided by a rectus abdominis,  serra
tus anterior, or latissimus dorsi flap. 

18. Which flap is commonly used as a regional pedicle flap or free flap? 
The radial forearm flap. 

19. How can the radial forearm flap be used as a regional pedicle tlap? 
The radial forearm flap, is designed to include the radial artery when raised as pedicle fascio

cutaneous fl ap. I t  can be based proximal ly to cover defects i nvolv ing the proximal forearm and 
elbow or distally (reversed) to cover defects involving the distal forearm, wrist, and hand. 
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Radial foream1 flap. (From Green DP  (ed): Operative Hand Surgery, 3rd 
ed. ew York, Churchi l l  Liv ingstone, 1 993, p 4473, with permission. )  

20. How i s  a radial forearm tlap elevated? 
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The course of the radial artery is mapped out with a Doppler and marked on the volar surface of 
the forearm. The required length of the vascular pedicle is measured, and a template of the soft tissue 
defect is  out l ined on the proximal forearm ( for a reversed or distally based flap). The flap may in
clude virtually al l  of the volar forearm skin, if  needed (up to 14 cm by 24 cm); the donor s i te is  then 
skin-grafted. 

The radial artery and its two venae comitantes are invested in a layer of deep fascia known as 
the lateral intermuscular septum, which separates the flexor and extensor compartments of the 
forearm and is attached to the periosteum of the radius di stal to the insertion of the pronator teres. 
The artery is  covered proximally by the brachioradial is ;  it emerges dista l ly  between the brachio
radial is and flexor carpi radial is  to l ie superficially, covered only by skin, subcutaneous t issue, and 
deep fascia. 

Elevation of the flap is  usual ly begun on the ulnar aspect of the flap and continued toward the 
radial pedicle. The antebrach ial fascia is incised and elevated with the skin paddle. The flap is  raised 
in a subfascial plane, exposing muscle bel l ies proximally and tendons distally, with care to preserve 
the paratenon for subsequent skin grafting. On the radial side of the flexor carpi radial is tendon, the 
dissection passes to a plane deep to the radial vessels, where i t  proceeds to the radial side of the pedi
cle. The attachment of the lateral intermuscular septum to the periosteum of the radius is  divided to 
al low elevation of the vascular pedicle and to ensure inclusion in the flap. Divis ion of the pedicle 
proximally (for a d istal ly  based reverse flap) completes the dissection. 

When bone is included as an osteofasciocutaneous flap, the attachment of the lateral intermus
cular septum to the periosteum of the rad ius must be preserved. A cuff of flexor po l l ic i s  longus 
muscle is left attached to the radius to ensure preservation of the periosteal vessels .  A keel-shaped 
segment of radius, not to exceed one-third the thickness of the bone, is  osteotomized and elevated 
with the flap. 

21. What is the main contraindication to use of the radial forearm free flap? 
Both proximally based and reversed (distally based) radial forearm flaps require division of the 

radial artery. Sacrifice of the radial artery is  permissible only when sufficient perfusion of the hand 
by the ulnar artery has been demonstrated by a normal Al len's test. In up to 1 5 %  of hands, the ulnar 
artery does not perfuse the radial digits because of an incomplete superficial pal mar arch or prior 
u lnar artery injury. Reconstruction of the rad ial artery with a vein graft should be performed if is
chemia of the hand results. 
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22. Can a radial forearm pedicle flap be  harvested without sacrificing the  radial artery? 
Elevation of a radial  forearm fasc ia !  flap is  possible wi thout sacrifice of the radial  artery. 

Weinzweig et al. described a flap based on perforators from the radial artery. which form a fascia! 
plexus extending 1 .5-7 cm from the radial styloid. It is  elevated in proximal-to-distal fashion and is 
based on 6- 1 0  perforators found at the distal portion of the forearm . The flap eas i ly reaches the 
palmar and dorsal aspects of the hand as wel l  as the first web space. 

23. What fasciocutaneous free flap can be harvested from the lateral arm? 
The lateral arm flap, described by Song and popularized by Katsaros et al. , is based on the posterior 

radial collateral arte1y and encompasses the posterolateral aspect of the upper ann between the insertion 
of the deltoid muscle and the elbow. Advantages of this flap include ( l )  relatively con tant anatomy; 
(2) relatively long pedicle (up to 6 cm); (3) thin, pliable tissue; (4) use as a neurosen ory flap; (5) ease 
of harvest in the supine position, permitting a two-team approach; and (6) direct closure of the donor 
s i te for flaps less than 6 cm wide. The only disadvantages associated with this flap are hypoesthesia in 
the distribution of the posterior cutaneous nerve if it is  div ided or harvested and the donor site scar. 

24. What is the thinnest free flap available for coverage of the dorsum of the hand? 
The temporoparietal fascia! flap. Described by Upton et al . ,  this flap provides excellent cover

age for defects of the hand as well as a suitable gl iding surface for underlying tendons wi th a thin, 
pl iable fascia that is then skin-grafted. Advantages include relative predictabil ity of the pedicle and a 
concealed donor scar; disadvantages include potential injury to the frontal branch of the fac ial nerve 
during harvest and scalp alopecia. 

25. What is a functional free muscle transfer? 
Free t issue transfer  of muscle can be performed to restore hand function when major loss of 

skeletal musculature in  the forearm results in a sign i ficant functional deficit  that cannot be suffi
c iently reconstructed by a s impler procedure. Reinnervation with restoration of voluntary active 
muscle contraction can be accompl ished by suturing a motor nerve in the recipient area to the motor 
nerve of the transplanted muscle .  Transfer of the grac i l i s  muscle or a segment of the lat iss imus 
muscle into the flexor compartment of the forearm with sun1re to the flexor digitorum profundus ten
dons can be performed to restore active finger flex ion. 

26. What is a composite free flap? 
Composite defects involve mult iple structures such as bone, tendon, nerve, and skin.  Recon

struction of such defects can be accomplished with a composite free flap that incorporates the re
quired structures into a single unit. A defect requiring bone, tendon, sensory nerve, and skin may be 
reconstructed with a radial  forearm flap incorporating the palmaris longus tend n,  lateral ante
brachial  cutaneous nerve, and a segment of radius.  Another choice may be the dor a l i s  pedis flap 
with incorporation of the superficial or deep peroneal nerve, long toe extensor tendon , and 
metatarsal bone. A third choice may be the lateral arm flap with incorporation of the posterior cuta
neous nerve, triceps tendon, and a segment of humerus. 

27. What are the advantages and disadvantages of composite free flaps'? 
Composite free flaps pennit single-stage reconstruction of defects that otherwise may require two 

or three stages. The main disadvantages with the use of composite free flaps are donor site morbid
ity, flap planning and design, and technical complexity. Common sense must dictate the planning of 
the reconstruction and considerations to minimize donor site morbidity. In  certain situations the size, 
geometry, or components of a particular defect are better approached by mult istaged conventional 
procedures. An extensive soft tissue defect with a lim ited bone defect may be preferably managed by 
transfer of a skin-grafted free latissimus dorsi muscle flap and a nonva cularized i l iac crest bone graft. 

28. Describe the neurosensory functions of the hand. 
The hand possesses a sophisticated level of sensibi l i ty with special ized neurosensory receptors 

on the dorsum and volar surface of the digits. Fingertips have the highest innervated density of any 
body surface except the tongue. Swartz has distinguished between the need for "cri ·cal sensibility" 
of the fingertips and "protective sensibil ity" of the palm and dorsum of the hand. Los· of the volar or 
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tact i le surface of the fingers requires replacement with specialized sensory cel l s  that can be found 
only on the hand itself, on the toes, or on the sole of the foot-glabrous skin. Pacinian corpuscles 
and Me issner's corpuscles are encapsulated sensory endings found exc lusively in glabrous skin .  
Merkel ce l ls ,  which are sensory endings wi th expanded t ips ,  are a lso found in glabrous skin .  Areas 
of critical sensibi l ity are covered by glabrous skin and supported by underlying pulp t issue, such as 
the fingert ips, palm of the hand, and sole of the foot. 

29. What are the indications for the use of a sensate free tlap? 
The hand possesses a l imi ted amount of sensate t issue to reconstruct defects that require sophis

ticated innervation crucial to tact i le function. I t  does not possess suffic ient tissue to reconstruct de
fects greater than those that can be covered by a Littler flap or other local innervated transposition 
flap. Thus, larger defects often require free transfer of a sensate flap. 

30. Which sensate free tlaps are commonly used? 
Defects of the fingers can be reconstructed using the toe pulp neurosensory flap, described by 

Buncke and Rose, which consists of glabrous skin and underlying pulp tissue from die great or second 
toe. Moving two-point discrimination (2PD) of the transferred pulp t issue has been reported to range 
from 3- 1 2  mm. The great toe wrap-around flap, described by Morrison and Macleod, is a composite 
flap of skin, nai l ,  and pulp tissue, with or without the distal phalanx of the great toe. The great toe is par
t ial ly degloved based on the dominant ulnar pedicle. The first web flap, described by May et al . ,  uses 
the highly innervated tissue of the first web space of the foot. The flap is suppl ied by the first dorsal 
metatarsal artery and branches of the deep peroneal nerve and neighboring plantar digital nerves of both 
toes. A thin, pl iable flap of glabrous skin and pulp measuring up to 1 2  cm x 8 cm can be harvested. 

Several free fasciocutaneous flaps can be harvested to provide protect ive sensibi l ity to a recipi
ent site upon transfer. Examples include the lateral arm flap based on the posterior cutaneous nerve, 
the radial forearm flap based on the lateral antebrachial cutaneous nerve, and the dorsalis pedis 
flap based on the superficial peroneal nerve. 

31 .  Does tissue expansion have a role in coverage of soft tissue defects of the hand? 
In selected cases. Successful soft tissue resurfacing of defects involv ing the fingers, web spaces, 

and dorsum of the hand have been reported using seamless custom expanders in which the base of 
the expander is  approximately the size of the defect to be corrected. Expanders also have been used 
to recruit t issue for congenital hand anomalies, such as syndactyly release, to avoid the use of skin 
grafts .  Small elongated or rectangular expanders are used in such cases. Neurovascular compromise, 
implant extrusion, and infection may occur with the use of t issue expanders. 
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93 . FLEXO R TENDON I N J U RI E S  

William F .  Wagner, J r , M D , and James W Strickla nd ,  M D.  

1 .  Should acute flexor tendon lacerations be  repaired primarily? 
The concept that tendons can be immediately repaired in zones I and II wi th the expectation 

of restoring a favorable amount of tendon excursion has advanced from doubtful theory to general 
acceptance. A lmost all studies have shown superior resul ts compared with flexor tendon graft ing.  
Advantages of  primary tendon repair include the fact that the tendon is returned to i ts  normal 
length, the period of disab i l i ty necessi tated by wound heal ing and l ater grafting i s  reduced, the 
tendency for joint st iffness is decreased, and the results of secondary Jysis, when necessary, should 
be better. 

2. What is the orientation of the flexor digitorum profundus (FDP) and flexor digitorum su
perficialis (FDS) tendons at the level of the proximal phalanx? 

Once within the flexor sheath, the FDS tendon begins to flatten. I t  then splits and divides around 
the FDP tendon. The two s l ips of the FDS tendon reunite deep to the FDP tendon wi th one-half of 
the fibers decussating and the other half continuing distal ly on the same s ide. The reun i t ing of fibers 
of the FDS tendon is known as the chiasm of Camper. Beyond the chiasm, the FDS tendon spl i ts into 
radial and ulnar s l ips, which then insert into the middle three-fifths of the m iddle phalanx. 

Early in  the flexor sheath. the FDS tendon 
divides and passes around the FOP tendon. 
The two portions of the FDS reuni te at 
Camper's chiasm. 

3. Where does the flexor tendon sheath begin and end in  the digit? Where are the various 
pulleys or thickened areas of the flexor sheath located? 

In the fingers the flexor sheath arises at the level of the volar plate of the metacarpophalangeal 
( MCP) joint and ends at the proximal volar base of the distal phalanx. The flexor sheath comprises 
thickened areas of arcing fibers, referred to as anular pulleys, that alternate with thin ,  flexible areas 
of criss-crossing fibers described as cruciate pulleys. The first anular pul ley arises from the volar 
plate of the MCP joint and the second anular pul ley from the middle one-third of the proximal pha
lanx. The first cruciate pul ley extends from the distal end of the second anular pul ley to the proximal 
encl of the third anular pulley, which arises primarily from the volar plate of the proximal interpha
langeal (PIP) joint. The second cruciate pul ley is  located between the third and fourth anular pul leys, 
and the fourth anular pul ley arises from the middle portion of the middle phalanx. The third cruciate 
pul ley i s  located between the fourth and fifth anular pul leys, and the fifth anular pulley arises from 
the volar plate of the distal interphalangeal (DIP) plate and proximal volar base of the distal phalanx. 
I t  is  not always possible to identify al l of the described pulleys of the flexor sheath. (See figure at top 
of next page.) 



Lateral (rap) and dorsal (bo11om) views 
of the finger depict the components of 
the dig i tal  flexor sheath .  The sturdy 
anular pul leys (A 1 , A2, A3, A4, and A5) 
are important biornechanically in keep
ing the tendons closely appl ied to the 
phalanges. The th in ,  pl iable cruciate 
pu l leys (C 1 ,  C2, and C3) col lapse to 
allow full digital flexion. A recent addi
t ion is the palmar aponeurosis pul ley 
(PA), which adds to the biornechanical 
efficiency of the sheath system. 

Flexor Tendon I n j u ries 

4. What are the two ways in which flexor tendons receive nutrition? 
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Vascular i njection studies have long shown the significant role of perfusion via smal l  blood 
vessel networks called vincula, which arise from the digital arteries and ult imately connect into an 
intratend inous vascular network. Other studies have noted that synovial diffusion is the significant 
nutrient pathway. 

5. What two areas of cel lular activity contribute to flexor tendon healing? 
Tendons heal by a combination of extrinsic and intrinsic cel lu lar activity. The more intrinsic the 

cellular activity, the fewer the adhesions. Extrinsic cellular activity primarily relates to peripheral adhe
sions that are frequent ly associated with the tendon-healing process. Although these adhesions have 
been considered an essential source of repair to cells, recent studies of the intrinsic healing capacity of 
tendons suggest that adhesions may constitute a nonessential inflammatory response at the site of injury. 

6. What is the effect of stress on healing tendons? 
If the repaired flexor tendon is not stressed, the heal ing process may take up to 8 weeks, and 

repaired tendons have minimal tensi le strength throughout the heal ing process. S tressed tendons 
heal faster, gain tensi le strength faster, and have fewer adhesions and better excursion than un
stressed tendons. 

7. During what period are tlexor tendons weakest after repair? 
Strength usually decreases by 1 0-50% between 5 and 2 1  days after repair in unstressed tendons. 

I t  may not decrease at all in repairs subjected to early application of the appropriate amount of stress. 

8. List three factors that may lead to tendon adhesion formation. 
Tendon adhesion formation can be precipitated by tendon sheath injury, suture, and immobil iza

t ion. Of these factors, immobil ization has undergone the most extensive experimental and c l in ical 
investigat ion. B ased on these studies, early protected mobil ization to improve the mechanism by 
which flexor tendons heal has a sound scientific basis and is the best way of inhibiting adhesion for
mation. Of course, meticulous surgical technique and the underlying severity of the trauma to the 
tendon also affect the production of tendon adhesions. 

9. What factors contribute to the strength of a r·epaired flexor tendon laceration? 
Dorsal rather than palmar placement of core sutures for flexor tendon repairs has significant ad

vantages in terms of strength and biomechan ics .  In addit ion, the strength of  a tendon repair is 
roughly proport ional to the number of suture strands that cross the repair site and the cal iber of the 
suture. I ncreasing the number of suture strands across the repair s i te increases repair strength but 
adds to technical difficulty and increases the volume of suture material at the repair site. 

10. What causes gapping at the repair site? How does it affect tendon healing? 
Gapping may occur as repaired tendons begin to rupture through the suture or knot. Gapping 

also may occur when locking loops collapse and allow the tendon ends to pull apart. Gapping at the 
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repair site becomes the weakest part of the tendon, unfavorably alters tendon mechanics, and may 
promote adhesion formation, resulting in decreased tendon excursion. 

1 1 .  How can the tendency for gapping at the repair site be decreased? 
A peripheral epitendinous suture results in an increase in repair strength and a s ignificant reduc

t ion in the tendency for gapping at the repair s i te .  Improved strength and decrea ed gapping are 
maintained with cycl ic  stress. Horizontal mattress or running locked peripheral epi tendinous sutures 
have been shown to add the greatest strength and resistance to gap formation. 

12. What are the most commonly used techniques for llexor tendon repair? 
Most techniques i nvolve the use of  a core suture to bridge the repair s i te .  Many techniques 

now use an addit ional suture, but the total number of strands at the repair s i te is  four. Our method 
consists of a s imple two-strand core st i tch that enters and exits through the tendon ends and has 
l ocking grasps on e i ther s ide of  the tendon. An add i t ional palmarly pl aced horizontal mattress 
suture is  i nserted across the tendon ends to complete a four-strand repair. A running horizontal 
locked stitch is  used as a peripheral epitendinous stitch to tidy the repair, increase strength, and de
crease gap formation. 
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Flexor tendon repair lechniques. 

13. Describe the zones of llexor tendon injury. 
A modification of Verdan's zone system is used by most hand surgeons in describing injuries to 

flexor tendon system. Zone I flexor tendon injuries occur distal to the insertion of the FDS tendon. 
Zone II injuries are located from the proximal edge of the fibroosseous flexor tendon canal to the in
sertion of  the FDS.  Zone I I I  injuries occur in the area where the l umbricals ari e from the FOP 
tendon in the mid-palm. Zone JV injuries occur within the carpal tunnel, and zone V injuries occur 
proximal to the carpal tunnel in the distal forearm. (See figure at top of next page.) 
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ZONE I 

ZONE II 
The zones of flex or tendon injuries. T = thumb zones. 

14 .  In zone I I  flexor tendon laceration repairs, what area of the sheath can be opened for 

repair? What areas should be preserved? 
In opening the intact components of the sheath, every attempt must be made to preserve the 

anular components, which are almost impossible to repair. Biomechanical studies have shown that 

the A2 and A4 pul leys are the most critical for adequate flexor tendon function. Tendon sutures 

should be performed in the cruciate synovial sheath windows, which usually can be restored after 

tendon suture. By acutely flexing the DIP joint and, to some extent, the PIP joint, it is possible to de
liver the profundus and superficialis stumps into a cruciate window. If at least I cm of the distal ten

dons can be exposed in this manner, core sutures can be placed in the profundus tendons and two 
superficial slips without great difficulty. If a lesser length of distal tendon is present in the window, 

the next most distal cruciate synovial interval must be opened for core suture placement. 

1 5. How does one retrieve a proximal tendon end that has retracted proximally down the 
tendon sheath? 

Many clever tactics have been suggested to facil itate tendon capture and repositioning when the 
proximal ends have retracted further down the proximal sheath. One of the most commonly used 

methods is to pass a small catheter from the distal wound into the palm beneath the anular pul leys, 
where it is sutured to both tendons several centimeters proximal to the A1 pulley. The catheter is then 
pulled distally and easily delivers the tendon stumps into the distal repair site. A transversely ori

ented needle secures the tendons for repair, and the connecting suture can be severed in the palm and 
the catheter withdrawn. 

Sounnelis and McGrouther's method of 
retrieving tlexor tendons. A, A 22-gauge 
hypodermic needle is passed trans
versely through the anular sheath to 
maintain tendon position. (Figure con
tinued on.following page.) 
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Sourmelis and McGrouther's method of 
retrieving flexor tendons (continued). B, 

Catheter-tendon suture is cut in palm and 
withdrawn. 

1 6. When the proximal ends of the lacerated FDS and FDP tendons retract into the palm, how 

can one correctly orient these tendons when they are brought out more distally into the digit? 

When the proximal tendon ends have retracted into the palm, it  is  extremely important to 

reestablish the proper anatomic relationship of the FOP and FDS tendons. The FOP must be passed 

back through the hiatus created by the FDS slips so that it lies palmar to Camper's chiasm and recre
ates the relative positioning that was present at the level of the tendon laceration. Failure to restore 
the correct relationship creates an impediment to unrestricted tendon gliding after repair. 

1 7. How should zone I FDP tendon avulsion injuries be repaired? 

If the distal stump is short or nonexistent, the FOP stump may be reattached by first elevating a 

periosteal flap from the base of the distal phalanx and then drilling an oblique hole beneath the flap 
to penetrate the dorsal cortex just beneath the proximal fingernail .  A double-anned needle with 3-0 
sutures is placed in the proximal tendon stump and passed through the bone hole. The sutures are 

used to pull the tendon beneath the periosteal flap and are tied over a cotton pad/button combination 
over the nai l .  If possible, the tendon attachment should be supplemented by sutures through some 
adjacent sheath or periosteum. 

18. Describe the three main types of avulsion injuries to the profundus tendon insertion. 

In type I injuries, the tendon retracts all the way 
into the palm and is held there by the lumbrical 
origin. In type II injuries, the tendon retracts to the 
level of the PIP joint. Type I I I  injuries consist of a 
large bony fragment that gets caught on the A4 
pulley and prevents retraction of the bony fragment 
beyond the distal portion of the middle phalanx. 

1 9. How should FDP avulsions in which the diagnosis is delayed for more than several months 

be treated? 
Late untreated patients who are asymptomatic are best left alone. For late instability of the D I P  

j oint, fusion should be considered. A one- o r  two-staged flexor tendon graft can be perfonned i n  
carefully selected patients, but the potential risks may outweigh the possible advantages for some 
patients. 
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20. Should partial tendon lacerations be repaired? 
Most authori ties agree that lacerations up to 50% of the cross-sectional area of the tendon are 

optimally treated without tendon repair and with early mobil ization. However, if the tendon lacera
tion is  beveled, the risk of entrapment, rupture, and triggering increases significant ly. In such situa
t ions,  the beveled portion of the tendon can be ei ther excised or repaired with simple sutures. The 
result is a tendon that al lows smoother gl iding through the fibroosseous sheath. 

2 1 .  What are the indications for tenolysis after flexor tendon repair? 
Tenolysis is  indicated after repair whenever the passive range of d igital joint flex ion s ignifi

cantly  exceeds the patient's abi l i ty lo flex actively at the same joint .  Al l  fractures should be healed, 
and wounds should have reached t issue equ i l ibrium with soft skin and subcutaneous t issues. 
Reaction around the scars should be minimal . In addition, joint contractures must have been over
come and a normal or near-normal passive range of digital motion achieved. 

22. What is most frequent complication after early postoperative mobilization programs? 
A flex ion contracture at the P IP  or D IP  joints may develop after early postoperative mobil iza

tion. Prompt recognition of the development of contractures, modification of the motion program to 
pe1mit greater extension, and judicious use of dynamic spl ints help to prevent or overcome such de
formities before they progress too far. 

23. How do ruptures occur after flexor tendon repairs? What is the treatment? 
Ruptures occur almost without exception when patients have been doing so well with their reha

b i l i tation program that they use their hands in an extremely strong manner, such as heavy l i ft ing, 
well  before the tendons have suffic ient strength to tolerate the extremely h igh tensi le demands of 
such activity. Rupture of  one or both flexor tendon repairs is  a significant complication. The pre
ferred treatment is  prompt reexploration and repair. 

24. Is a four-strand repair augmented by some type of running locked suture strong enough 
to allow early active motion therapy? 

Based on experimental and cl inical data regarding the stress applied to digits by various degrees 
of active flexion, it is bel ieved that l ight, active digital flexion carried out with the wrist in extension 
should be relatively safe for flexor tendons repai red with the four-strand technique. This goal can be 
incorporated into a therapy protocol by al lowing l ight active maintenance of ful l  composite digital 
flexion once the wrist is  brought from flexion to extension. 

25. When can strengthening exercises be initiated after flexor tendon repair and appropriate 
early therapy protocols? 

Based on multiple studies, it is believed that repaired flexor tendons regain sufficient strength by 8 
weeks to initiate strengthening exercises. The exercises are increased in a gradually progressive manner. 

CONTROVERSIES 

26. Should the flexor sheath be repaired after repair of the flexor tendon laceration? 
For: Repairing the sheath after tendon suture has the theoretical advantages of providing a bar

rier for adhesion formation, restoring synovial fl uid nutrit ion, and restoring sheath mechanics. 
Furthermore, repair of the sheath may decrease the coeffic ient of frict ion between the pul ley and 
tendon during the first few mi l l imeters of proximal excision when the repaired tendon passes under 
the edge of the thick anular pul leys. 

Against: The sheath is  often technically difficult to reestabl ish, and few valid c l inical or experi
mental data substantiate that it improves the results of flexor tendon repair. 

27. Should the epitendinous suture, which is used in repairing acute flexor tendon lacerations, 
be placed initially or after core sutures are placed? 

Initially: ( I )  Forcible handl ing of the tendon is minimized; (2) enlargement of the tenorrhaphy 
is minimized; (3) the sutures may sti l l  be buried within the tendon; and (4) the strength of the repair 
is  equivalent to the popular Kessler suture technique. 
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After: Placement of core sutures ini tially as part of the flexor tendon repair a l lows easy ren·ievaJ 
of the tendons from their proximal and distal s i tes and good approximation of the tendon ends. A 
running epitendinous suture can then be used to tidy the tendon ends and increase the repair strength. 
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94.  EXTENSOR TEN DON I NJ U RI E S  

Mary Lynn Newport, M . D . 

1. What are the eight zones commonly used to describe extensor tendon injuries? 

I T  
II T 

III T 
IV T 
V T  

· · · · · · · · · · · · ·VI 

· · · · · · · - · - · - · · · · · vu 

- - · · · · · · · · · · · · · - - · - - -V I I I  

Zones I ,  I T T, V, and Vi l  ( the odd zones) overl ie the joints of  
the hand ( i .e . ,  distal interphalangeal [D IP],  prox imal inter
phalangeal [P IP ] ,  metacarpophalangeal [MP] , and carpal 
joints, respectively). Zones l l ,  IV, V I . · nd Vlll (the even 
zones) overlie the bones ( i .e . ,  middle phalanges, proxi mal  
phalanges, metacarpals, and distal radius/ulna, respectively). 
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2. The thumb is typically divided into how many extensor zones? 
Five. The odd zones (I, I I I ,  and IV)  overlie the joints ( lP, MP, and carpal joints, respect ively), 

and the even zones ( I I  and IV) overlie the bones (proximal phalanx and metacarpal, respectively) .  

3. Do the extensor d igiti minimi ( EDM) and extensor indicis proprius (EIP) tendons run 
ulnar or radial to their respective communis tendons? 

The EDM and EIP tendons usual ly run u lnar to the extensor d ig itorum communis  (EDC)  
tendon and al low independent extension of the small and index fingers, respectively. However, sig
n ificant variab i l i ty of the extensor tendons to the index and small fingers, including radial  EIP and 
EDM tendons and supernumerary tendons, has been reported in  up to 1 9% of specimens i n  
anatomic studies. 

4. Which muscles extend the MP and IP joints? What is their innervation'? 
The MP joints are extended through the extrinsic EDC (as wel l  as EIP and EDM) tendons sup

pl ied by the posterior interosseous nerve branch of the radial nerve; the IP joints are extended by the 
intrinsic tendons of the interossei and lumbricals supplied by the ulnar nerve. The intrinsics are able 
to extend the IP joints because they course dorsal to the axis of rotation for these joints. 

5. Which finger and which zones are most commonly injured? 
The long finger i s  the most frequently injured (38% of cases), fol lowed by the index (28%),  ring 

( 1 8%), and thumb and small finger ( 1 0% each). Zone VI, directly over the metacarpal, is the area 
frequently injured. (This is a lso true for the thumb, in which zone IV i s  the area d i rectly over the 
metacarpal . )  

6 .  Which general area has the better prognosis after extensor tendon injury-the proximal 
( V-VIII) or the distal ( I-IV) zones? 

The proximal zones have a signi ficantly better prognosis (65-75% good/excel lent results) than 
the d istal zones (0-40% good/excel lent results), probably because the extensor mechan ism is  s im
pler more proximally. The extensor tendon covers only one side of bone in the proximal zones with 
no intricate connections except the juncturae. The more distal zones have less excursion and cover 
the phalanx on three sides, thereby increasing the chances of adhesion formation. 

7. What are the juncturae tendinae? 
Small tendinous bands that course distally from the ring finger EDC to connect with the EDC of 

the long and small fingers. I f  an EDC is lacerated in zone VI  proximal to the junctura, the pul l  from 
adjacent juncturae can extend the affected finger and mask the injury. 

8. What is a mallet finger or mallet deformity? 
This  deformity represents droop of  the finger into flex ion at the D I P  joint with inabi l i ty to 

extend the distal phalanx fully, i f  at al l .  

9. What causes a mallet deformity? 
Almost all are secondary to acute injury of the extensor mechanism, usually from a direct blow 

to the tip of the finger, forcing i t  into flexion. 

10. What are the different types of mallet fingers? 
Type I is a tendinous rupture (with or wi thout a small fleck of bone) from the d istal phalanx. 

Type T T  i s  a tendon laceration at or proximal to the DIP joint. Type III is a deep abrasion with loss of 
extensor substance. Type IV  includes a signi ficant fracture of the d istal phalanx. 

1 1 . How is a mallet finger treated? 
Type II ( l acerations) should be be sutured; some surgeons use a K-wire to hold the joint in ex

tension. Types I and I I I  should be treated with extension splinting consisting of a dorsal or volar alu
mifoam splint or a stack spl int . Treatment of type IV injuries i s  controvers ia l .  Most experts agree 
that if the joint is congruous (not volarly subluxed), treatment should consist of spl int ing only. If the 
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joint is  volarly subluxed, many advocate reduction with percutaneous pinning. Others perfom1 an 
open reduction with internal fracture fixation. 

1 2. What is a boutonniere deformity? 
A boutonniere defom1ity consists of a flexed position of the PIP joint and hyperextended posi

tion of the DIP joint. I t  is most often found in a chronic inflammatory disorder such as rheumatoid 
arthritis, but i t  may occur after an injury in an otherwise normal hand. In chronic deformity, synovi
t i s  of the PIP joint produces attenuation or destruction of the central s l ip insertion o the middle pha
lanx. The finger adopts a progressively more flexed position as the extensor pull is  lost. As the finger 
slips more into flex ion, the lateral bands of the intrinsic mechanism sl ide volarly, producing an ever 
greater flex ion deformity. As they s l ide volarly, the tension of the intrinsics to the DIP  i ncreases, 
pull ing the DIP joint into progressively more extension. 

1 3. What is an acute boutonniere deformity? What biomechanical process produces it? How 
is it treated? 

The same basic mechanism is present in an acute boutonniere, in which an injury, usually in
volving forced flexion of the PIP, ruptures the central s l ip  attachment to the middle phalanx.  
Immediately after an acute injury, the patient usually is st i l l  able to extend the PIP joint because the 
lateral bands have not yet slid volarly. The patient wil l  be tender dorsally and have pain with exten
sion. The injured finger is  most comfortable in flexion because the capsule is  most capacious in this 
position. As a consequence, the lateral bands s l ide volarly, producing defom1i ty at the PIP  and DIP  
joints.This deformity i s  usually quite noticeable a t  around 10  days after injury. Open injuries (e.g., 
tendon lacerations) are directly repaired, fol lowed by splinting of the PIP joint in ful l  extension for 
5-6 weeks. Closed injuries (e.g. ,  avulsion) are treated by progressive splint ing unti l  extension of the 
PIP joint is  achieved. 

1 4. What is the currently recommended repair technique for extensor tendon ? 
No repair technique is completely accepted. The modified Bunnell technique has been shown to 

be the strongest and most biomechanically advantageous in zone VI ,  whereas the modified Bunnell 
or modified Kessler technique is best in zone IV. 

1 5. What is the treatment protocol after extensor tendon repair? 
No postoperative protocol is  universal ly accepted. Any repair is  contingent on other inj uries 

( fractures, skin loss, flexor i njury, neurovascular injury). Most surgeons have moved away from 
static splinting of al l  joints in extension to protocols that encourage tendon gliding, such as the use 
of an extensor outrigger with rubber bands, which al lows active finger flexion and produces passive 
finger extension. Newer protocols encourage active finger range of motion under carefu l l y  con
trolled circumstances. 
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J u lie A Melch ior, M D ,  a nd Richard I .  Burton ,  M . D . 

1 .  What is a tendon transfer? 
The tendon of a funct ioning muscle is detached from its insertion and reattached to another 

tendon or bone to rep lace the function of a paralyzed muscle or injured tendon. The transferred 
tendon remains attached to its parent muscle with an intact neurovascular pedicle. 

2. List the general principles of tendon transfers. 
I .  Full passive range of motion of the joints to be powered 
2. Power of the donor muscle (the brachioradial is  and flexor carpi ulnaris are the strongest) 
3. Amplitude of the donor muscle ( finger flexors have the greatest amplitude at 70 mm, wrist 

flexors and extensors the least at 33 mm) 
4. Direction of the transfer 
S .  Location and nature of pul ley, if needed 
6. Tissue bed into which the transfer is placed 
7.  Selected fusions to simplify polyarticular system 

3. How do you select the donor tendons? 
I .  List the functioning muscles. 
2. List which of the functioning muscles are expendable. 
3.  List hand functions requ iring restoration. 
4. Match the second and third points. 
S .  Staging 
6. In phase-out of phase 

PERI PH ERAL N ERVE I N J U RIES 

4 .  Which deficits in  radial nerve palsy from a lesion at  the midhumeral level require transfers? 
l .  Loss of wrist extension 
2.  Loss of finger extension at the metacarpophalangeal (MP) joints 
3. Loss of extension and radial abduction of the thumb 

5. List the standard tendon transfers for radial nerve palsy. 
• Wrist extension Pronator teres to extensor carpi radial is brevis (ECRB) 
• Finger extension Flexor carpi ulnaris (FCU) to extensor digitorum 

communis (EDC) (Jones) 
Flexor carpi radial is (FCR) to EDC (Stan-) 
Flexor digitorum superficialis (FDS) of middle and ring 

fingers to EDC (Boyes) 
• Thumb extension/abduction Palmaris longus to rerouted extensor pol l ic is  longus (EPL) 

6. What area is affected by low median nerve palsy? What deficits are involved? 
Low median nerve palsy affects the area distal to the innervation of the flexor pol l ic is  longus 

(FPL) and flexor digitorum profundus (FOP). The fol lowing deficits are involved: 
I .  Loss of palmar abduction and pronation of the thumb (opposi t ion) 
2 .  Thenar muscles (abductor pol l ic is brevis [APB ] ,  opponens pol l ic is [ OP]-variable innerva

tion of flexor pol l ic is brevis [ FPB ] from ulnar nerve to both heads of FPB in some patients) 
3 .  Lumbricals to index and middle fingers 
4. Critical sensib i l i ty to thumb and index and m iddle fingers ( impl ications of numbness for 

function, protection from injury, use of visual feedback after transfers) 

493 



494 Ten don Transfers 

7. What movements are necessary for effective thumb opposition? 
Palmar abduction and pronation of the metacarpal with MP joint stability. 

8. List the standard opposition transfers. 
• FDS of ring finger through a pulley of FCU (Bunnell) 
• Palmaris longus extended by a strip of pal mar fascia to APB (Camitz) 
• Extensor indicis proprius (EIP) (Burkhalter) 
• Abductor digiti mini rn i  (ADM) (Huber) 

9. What are the deficits in a high median nerve palsy? 
1 .  Thumb opposition/critical sensibility 
2. Loss of flexion at the proximal interphalangeal (PIP) and distal interphalangeal (DIP) joints 

of the index and middle fingers (FDP and all FDS) 
3 .  Loss of flexion at the IP joint of the thumb (FPL) 

10. List the standard tendon transfers for a high median nerve palsy. 
• Thumb IP joint flexion: brachioradialis to FPL 
• DI P  joint flexion of index and middle fingers: side-to-side tenorrhaphy of index and middle 

finger FOP tendons to ring and l ittle finger FDP tendons 
• Conventional opposition transfer: EIP or abductor digiti quinti (ADQ) to APB 

1 1 . What are the deficits in  a low ulnar nerve palsy with preservation of the extrinsic flexors? 
1 .  "Clawing" (MP hyperextension, IP flex ion) of the ring and l ittle fingers due to loss of inde-

pendent MP flexion (contributes to loss of grip strength) (interossei) 
2. Loss of thumb adduction (loss of power pinch) (adductor; ftrst dorsal interosseous; FPB, Yi or all) 
3. Loss of index finger abduction (loss of power pinch) (first dorsal interosseous) 
4. Abducted (ulnarly deviated) l ittle finger (Wartenberg 's sign) due to the ulnar deviating force 

of the extensor digiti quinti (EDQ) unbalanced by loss of the third volar interosseous 

1 2. What are the transfers for correction of clawing? 
• FDS of m iddle or ring finger, spl i t ,  to radial lateral bands of m iddle, ring, and l i ttle fingers 

(modified Sti les-Bunnell) or to proximal phalanx (Littler) 
• ECRB extended by plantaris strips dorsally through the intem1etacarpal spaces into radial lat

eral bands of middle, ring, and little fingers (Brand I )  
• Extensor carpi radialis longus (ECRL) extended by fascia lata strips volarly through the carpal 

tunnel into radial lateral bands of middle, ring, and little fingers (Brand I I )  
• FCR + brachioradial is (BR)  graft to lateral bands (Riordan) 
• EIP + EDQ to lateral bands through the intennetacarpal spaces (Bunnell-Fowler) 
• Zancol l i  "lasso" (FDS div ided, looped through a sl it in the A2 pul ley, and sutured to itself) 

13. What are the transfers for restoring thumb adduction? 
• FDS of middle or ring finger to adductor pol l icis 
• ECRB + palmaris tendon graft to adductor pollicis 
• B R/ECRL + graft between third and fourth metacarpals to adductor poll icis (Boyes) 

1 4. What are the transfers for restoring index finger abduction? 
• Accessory APL + palmaris tendon graft to first dorsal interosseous (Neviaser) 
• EIP to first dorsal interosseous (Bunnell)  
• EPB to first dorsal interosseous (Bruner) 
• Many others 

1 5. What is the transfer to correct abduction of the little finger? 
EDQ to collateral ligament of MP joint 

16. What are the deficits in a high ulnar nerve palsy? 
I .  Less clawing of ring and small fingers (due to loss of the deforming forces of FDP of ring 

and small fingers) 
2. Loss of DIP flexion of ring and l i ttle fingers 
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1 7. What are the standard tendon transfers for high ulnar nerve palsy? 
I .  Side-to-side tenorrhaphy of FDP of middle finger to FDP of ring and l ittle fingers 
2. Spl i t  FDS of middle finger-1/2 to ring, 1/z to small finger; radia l  side of A 1 or A2 for MP flex

ion (to small finger, also helps to correct Wartenberg's sign) 
3 .  Conventional tendon transfers for pinch and abducted l ittle finger (FDSmiddlc ± graft to ad

ductor poll ic is ;  accessory APL + graft to f irst dorsal interosseous for pinch; and FDS,;ng split volar to 
MP joint, then to radial lateral bands of ring and small fingers) 

-

COM B I N E D  N E RVE PA LS I ES 

18. In a low median/ulnar nerve palsy (the most common combined injury), what are the key 
deficits? 

• Complete loss of palmar and volar digital sensation ("bl ind hand") 
• Volar pulp atrophy 
• Intrinsic motor loss 

19. What are the recommended tendon transfers for reconstruction? 
l .  Thumb adduction/key pinch: ECRL + free graft between third and fourth metacarpals to ab

ductor tubercle of thumb 
2.  Thumb abduction/opposi t ion: FDSmiddlc to APB insertion through a pul ley of FCU 
3 .  Power flexion of proximal phalanx and integration of MP and IP motion (clawing) :  FDSrin•' 

split, to A/A2 pul leys 
0 

4. Volar sensibi l ity of thumb: free neurovascular cutaneous is land flap from radial-innervated 
dorsum of hand (subject to debate) 

20. What transfers, in addition to those for low median/ulnar nerve palsy, may be useful in a 
high median/ulnar nerve palsy? 

I .  Finger flexion: ECRL to FDP ± tenodesis of DIP joint of the middle, ring, and small fingers 
2. Clawing 

• Tenodesis of all digits with free tendon graft to dorsal carpal l igament (volar to deep trans
verse metacarpal l igament) to extensor mechanism (dorsal aponeurosis,  lateral bands) 

• Zancol l i  "lasso" (see question 1 2) using volar plate instead of A2 pul ley 
3 .  Thumb/index (or long) pinch (tip pinch) 

• Arthrodesis of thumb MP joint 
• APL slips to first dorsal interosseous 
• EIP or EDQ to APB insertion for opposition 

4. Thumb IP flexion : BR to FPL in  forearm 
5. Radiovolar sensibi l ity (subject to debate) 

• Superficial  radial nerve-innervated index fillet flap to palm, or 
• First dorsal metacarpal artery neurovascular island flap 

CER EBRA L  PALSY 

21. List several common hand and upper extremity deformities seen in  cerebral palsy that 
may benefit from tendon transfers. 

• Thumb-in-palm deformity (thumb flexed, adducted) 
• Thumb MP flexed, IP hyperextended or thumb MP hyperextended, IP flexed 
• Clenched fist 
• Wrist flexed, u lnar-deviated 
• Forearm pronation 
• Elbow flexion 
The fol lowing factors also should be evaluated: 
• Sensibi l ity/cortical representation 
• Fixed joint contractures vs. spasticity alone 
• Adiadochokinesis ( inabil ity to perform rapid alternating movements) 
• Intell igence level 
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• Function of opposite upper extremity 
• Lower extremities and balance (need for ambulatory aids/wheelchair) 
• Need for prolonged postoperative splint ing and therapy to prevent recuJTence 
It  is  important to do only 1 or 2 transfers at a time; otherwise, you may overcorrect and create 

the opposite deformity. 

22. What procedures are used to correct the thumb-in-palm deformity? 
1 .  FPL abductoplasty (FPL to APB, fusion or tenodesis of thumb IP joint) 
2 .  Lengthen FPL at musculotendinous junction, and transfer BR to APL 
3. Flexor/pronator release 
4. EPL reinforcement 

23. What tendon transfers are used to correct the thumb deformities? 
1 .  MP flexed, IP hyperextended: APL to ERB or EPL recession. 
2. MP hyperextended, IP flexed: BR to APL, release adductor pol l ic is .  
3.  MP fusion is  useful for both deformities and may be combined with FPL lengthening, BR to 

APL transfer, and release of adductor to deepen web space. 

24. What transfers help to correct the clenched fist? 
1 .  Superficial is-to-profundus transfer-most common 
2. Flexor/pronator s l ide ( re lease muscle origins from the medial epicondyle and proximal  

ulna)-less commonly done today 
3. FCU or PT or BR to EDC (only after appropriate releases have been done) 

25. What soft tissue procedures correct the wrist flexion/ulnar deviation, with or without 
pronation, seen in  cerebral palsy? 

1 .  FCU to ECRB ( i f  primary deformity is  palmar flexion) or ECRL ( i f  primary deformity i s  
ulnar deviation); Green procedure; with proper prolonged splinting, also helps finger contractures 

2. Pronator teres tenotomy/pronator quadratus release 
3. Flexor/pronator s lide (rarely done) 

26. If the wrist flexion, ulnar deviation, and pronation are due to a fixed bony deformity, what 
are the treatment options? 

I .  Proximal row carpectomy (preserves some wrist motion) 
2. Radioulnar arthrodesis ( i f  contracture is severe-rarely done) 
3. Wrist arthrodesis ( last resort or i f  sensory loss is  profound) 
Tendon transfers may st i l l  be needed for soft tissue balancing. 

27. Elbow flexion contractures are common in  cerebral palsy, although they do not often re
quire surgical release. What structures would need to be released? 

B iceps, brachialis, and lacertus fibrosus. 

R H E U MATOI D  A RTH RITIS 

28. What is the caput ulnae syndrome? 
• Dorsal subluxation of the distal u lna, combined with supination of the carpus on the radius 
• Loss of MP joint extension of the small finger due to rupture of the EDQ and EDCsmall > fol

lowed by progressive ruptures of the EDC tendons from ulnar to radial 
• Decreased active and passive forearm supination due to the distal radiou lnar joint 

29. After the EPL, the digital extensor tendons are the most frequently ruptured tendons 
i n  rheumatoid patients. They tend to rupture from ulnar (EDQ, EDC moll,ring) to radial  
(EDC111iddle,index> EIP).  What are the options for transfers if the EPL is intact? 

1 .  I f  only EDQ, EDCsmall are ruptured: distal end of EDQ sutured to EDCing 
2. If EDQ and EDCsmall .ring are ruptured: EIP to EDC,;11g, EDQ 
3. I f  EDQ and EDCsmall,ring.middlc are ruptured: EDCmiddlc distal encl sutured t EDCindcx plus  E IP  

to  EDC,;11g, EDQ 



Tendon Transfers 497 

4. If EIP is  also ruptured: FDS,;110 to EDQ and EDC,;11 . .  middle 
5. If all finger extensors are rupt�red: FDS111 ;c1c1ic to EDC ;11c1cx.middlc and FDS,;11g to EDC,;11g.small 

30. What are the choices for transfers if the EPL is ruptured? 
I .  ElP to EPL (preferred, if EIP avai lable) 
2. EDQ (if intact) to EPL 
3 .  ECRL to EPL ( least preferred) 

31 .  What other disorders are in the differential diagnosis of extension tendon ruptures in  
rheumatoid patients? 

• Tendon dislocation (due to attenuation of radial shroud fibers) 
• MP joint dislocation (due to joint changes) 
• Posterior interosseous nerve palsy 

32. Flexor tendon ruptures are also seen in rheumatoid patients. Brietly discuss the major op
tions for transfers. 

1 .  If FPL is ruptured ( Mannerfelt syndrome): FDS,;110 to FPL or L P  fusion (good choice if I P 
joint is

-
already arthritic) 

2. If FDP;11c1cs and FPL are ruptured: DIP fusion, tenodesis, or transfer FDS;11c1cx to FDP;nc1cx plus 
above transfers for FPL 

3 .  IF FDS, FDP;11c1cx• and FPL are ruptured: distal FDP;11c1cx sutured to FDP111;c1c1Jc plus above for FPL 
4. If FDS/P;11c1cx and FDS/P111 ;c1,11c are ruprured: FDS111;c1c1ic.ri110 to FDP;11c1w FDSsmall to FDP 
Nore: If swan-neck deformities are present, try not to �1 se FDS in transfers because it may 

worsen the swan-neck deformity. 

QUADRI PLEG I A  

33. I n  quadriplegic patients, elbow extension i s  important for transfer capabilities a n d  to 
reach objects from a seated wheelchair position. How can elbow extension be reconstructed 
with tendon transfers? 

• Deltoid to triceps with free tendon graft (Moberg) 
• B iceps to triceps (Zancol l i )  

34.  In C6 quadriplegics, the lowest functioning level is  C6 and wrist extensors are functional. 
How can you provide useful grasp (key pinch)? 

Thumb IP fusion and release of proximal thumb pul ley + tenodesis of FPL to volar surface of 
radius ( Moberg) 

35. In C7 quadriplegics with elbow and wrist extension, how can you achieve pinch? 
• Divide FDS,;11• and transfer to APB; then use BR/ECRL to proximal end of FDS,;11 • •  

• BR to EDC, EPL + FDS lasso to correct MP joint hyperextension + thumb MP �olar capsu
lodes is  + thumb CMC fusion (or APL tenodesis) + PT to FPL and ECRL to FOP ( House's 
two-stage reconstruction). 

36. List the priorities of reconstruction of function in quadriplegia. 
l .  Elbow extension 
2. S imple hand mechanics by selected small joint fusions ( i .e. ,  thumb) 
3. Reestablish effective key pinch (rather than opposition) 
4. Reestablish active finger flexion (with passive tenodesis for digi tal extension) 
5. In lower les ions,  if active digital flexion and extension are restored, intr ins ic funct ion i s  

reestabl i shed by  dorsally routed tenodesis 

BRAC H I AL PLEXUS 

37. What are the most common types of brachia! plexus injury? 
• CS-C6 (upper trunk; Erb-Duchenne palsy) 
• CS-T l (lower trunk; Klumpke's palsy) 
• CS-T l (complete plexus) 
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38. For a patient with CS-C6 (upper trunk) palsy, what muscles are deficient? What transfers 
are useful? 

I .  Shoulder weakness of abduction/external rotation 
• Glenohumeral arthrodesis 
• L'Episcopo transfer ( latissimus dorsi, teres major to posterolateral humeral head with or 

without anterior capsule and subscapularis release 
2.  Elbow flexion 

• Free innervated muscle flaps, using musculocutaneous nerve to multip le intercostal nerves 
• Pectoral i s  major to biceps (Clark) 
• Latissimus dorsi to biceps 
• Triceps to biceps 
• Ste indler flexoplasty ( transfer origin of flexor/pronator muscles to 5 cm proximal  on 

humerus) 

39. For a patient with CS-Tl (lower trunk) injury, what muscles are deficient'? What trans
fers are useful? 

The intrinsics are deficient as well as FCU and FDP,ing.small · 
• Finger flexion: BR to FPL, ECRL to FDP 
• Opposi t ion: EIP to APB, ECU + tendon graft through intermetacarpal spaces to lateral bands 

A RTH RODESES 

40. What are the primary purposes for arthrodesis in  patients with a nerve palsy, cerebral 
palsy, or rheumatoid arthritis? 

To provide stabi l ization, to s impl ify a polyarticular system, and to provide motor power now 
available for transfer 

41. To facilitate thumb/index tip pinch and to provide proximal thumb abduction stability in 
combined nerve palsies, cerebral palsy, and quadriplegia, what arthrodeses may be used'? 

• Thumb MP joint arthrodesis 
• Thumb IP joint arthrodesis 
• Index PIP, DIP joint arthrodeses 

42. In combined nerve injuries, wrist stability is often a problem. What arthrodesis is useful? 
Radiocarpal arthrodesis ,  which also makes extensor tendons available for tran fer in  a combined 

median/ulnar palsy. 

43. If an adducted thumb cannot be stabilized by transfers (as in  cerebral palsy, quadriplegia, 
and combined median/ulnar injury), what bony procedure may be helpful? 

Thumb CMC fusion. 

44. In an upper trunk brachial plexus palsy, shoulder weakness and/or instabi l ity may be 
seen. What procedure apart from tendon transfer may be useful? 

Glenohumeral arthrodesis. 
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96. PRO B LEMS I N VO LV I N G  TH E PE R I O NYC H I UM 

Duffield Ashmead ,  IV ,  M . D . 

1. Describe fingernail anatomy and fingernail production. 
The nail is  a plate of flattened cells layered together and adherent to each other. The nailbed is 

composed of the germinal matrix ( i ntermediate nai l) ,  which produces 90% of nai l  p late volume; 
the sterile matrix (ventral nai l) ,  wh ich contributes additional substance that is largely responsible 
for nai l  adherence; and the roof of the nai l  fold (dorsal nai l) ,  which is responsible for the smooth, 
shiny surface of the nail p late. The sterile matrix is  closely associated with the periosteum of the 
distal phalanx. The germinal matrix is  immediately adjacent to the extensor tendon insertion. Distal 
phalangeal injuries are frequently associated with nail bed disruption. 

Eponychium 

Lunula Nailwall  

Hyponychium 

Insertion Extensor 
Tendon 

Distal 
interphalangeal 
joint 

Periosteum 

The anatomy of the nail bed in sagittal section. (From Zook EG, Brown RB:  The perionychium. In Green DP (ed): 
Operative Hand Surgery, 3rd ed. New York, Churchi l l  Livingstone, 1 993, p 1 284, wi th permission.) 

2. What function does the fingernail serve'? 
In all l ikel ihood, the fingernail evolved for scratching and sel f-defense as well as protecting the 

fingertip. In addition, i t  serves more del icate functions. By providing counterforce to the finger pulp, 
it increases the sensi t iv i ty of the fingertip; two-point discrimination w idens i f  the nai l p late is re
moved. Nails also ass ist in picking up fine or thin objects. 

3. Describe the surrounding structures and their importance. 
The hyponychium, or area immediately under the fingernail at its cut edge, is  a keratinous plug 

that l ines the juncture of the overhanging nai l plate, the distal margin of sterile matrix,  and the fin
gertip skin. It is heav i ly  populated with lymphocytes and polymorphonuclear leukocytes as a barrier 
to subungual infection. The perionychium is the skin at the nai l  margin,  folded over its proximal 
and lateral edges. It is a site of frequent, minor trauma and occasional infection. 

4. What is the lunula? 
The lunula is the whitish area of the most proximal nai l .  Attributed to d i fferences in nail adher

ence and l ight reflection, it corresponds to the area beyond which cel l  nuclei within the nai l  plate 
have degenerated. 
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5 .  Describe several common nail changes that are manifestations o f  systemic disease. 
Clubbing. This exaggerated curvature of the nail plate may be congenital but is classically de

scribed in  association with pul111onary, bowel ,  or l iver disease. 
Onycholysis. Premature separat ion of the nail plates is seen with thyrotoxicosis and psoriasis. 

Psoriasis often leads to associated pitting and ridging of the nail plate. 
Chromonychia. Changes in nail color may be seen in renal fai lure. They also may reflect drug 

effects. 

6. Describe several nail changes associated with trauma. 
Premature nail plate separation may reflect transverse scarring of the sterile 111atrix, fre

quently seen after fingert ip crush injuries. 
Longitudinal splitting of the nail plate may be due to scar adhesions fro111 the nail roof to the 

nail floor (synechia). 
Longitudinal grooving may reflect disturbances of the nail fold due to adjacent tumors or un

derlying skeletal change with secondary distortion. 
Nail spikes or remnants frequently complicate traumatic fingert ip  amputations. Residua of 

germinal or sterile matrix continue to produce smal l volumes of nail plate, which grow over several 
months. Ult imately they may prove a source of pain or secondary infection,  necessitating excision. 

Beaking i s  a nai l  deformity caused by inadequate support of the distal steri le matrix. I t  i s  usu
al ly seen after d istal fingertip amputations with loss of phalangeal tuft or healing of d is ta l  open 
wounds by secondary intention. As a result of the process of wound contracture, steri le matrix is 
drawn volar across the d istal tip. 

7. What are the usual patterns of infection associated with the fingernail? 
Acute paronychia. Infection (usually staphylococcal) of the nail margin (perionychium ) usu

ally responds to direct drainage, marsupial ization, or part ial nai l  plate removal .  
Chronic paronychia. Typically seen in patient whose hands are frequently wet (e.g., dishwash

ers). Maceration appears to lower defenses against local bacterial or fungal colonization. The condition 
often leads to nail plate defom1ity and onycholysis. It may respond to local or systemic antibiotics and 
antifungals with or wi thout l imited drainage. Complete nail plate removal i s  sometimes necessary. 

Onychomycosis. Cluonic fungal infestation of the perionychium and nail plate may be associated 
with dramatic discoloration of the nail as well as thickening and onycholysis. Al tho gh treatment wid1 
systemic antifungals such as griseofulvin has been advocated, simple nail plate removal and use of a top
ical antifungal as die nail regrows 111ay be equally successful without the risks of systemic drug toxicity. 

8. What is the significance of a subungual hematoma? 
Crush injuries to the fingertip are extremely common. Development of a subungual hematoma 

invariably reflects nai lbed injury with or without an associated fracture of the distal phalanx.  Radio
graphs are almost always indicated. Even small subungual hematomas may be qu ite painful and 
should be decompressed. Classic techniques of trepanation include the use of a hot papercl ip or bat
tery-powered cautery, although dri l l ing through the nail plate with a large-bore needle is also an option. 
More significant hematomas (> 50%) imply more extensive nailbed injury and should be explored by 
nail plate removal. In addition to providing complete decompression, nai l plate removal allows nailbed 
repair. Most practit ioners advocate the use of fine, absorbable suture (e.g,. 6.0 cat gut). The nai l  plate 
(or a substitute) is then replaced to splint the repair and stent the nail fold to prevent synechiae. 

9. Discuss common benign periungual tumors. 
M ucous cysts are small gangl ia aris ing from the dis tal interphalangeal ( DIP) joint, usual ly in 

association with a small osteophyte(s). As they encroach on the perionychium either deep or superficial 
to the germinal matTix, spli tt ing or deep grooving may be seen in the nail plate. Larger cysts are as
sociated with signi ficant attenuation of the overlying skin and occasionally may drain spontaneously. 
Mucous cysts are usually treated by excis ion,  taking care to address the associated osteophyte. 

Glomus tumors (tumors of the glomus body) are frequently subungual .  A l though often ex
tremely smal l  ( 1-2 mm), dley are characteristical ly painful, exquis i tely tender, and h ighly sensit ive 
to cold. The diagnosis i s  often empirical. Resection may require transungual expo ure or elevation of 
the nai lbed from a lateral approach .  
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Pyogenic granulomas represent an exuberant excess o f  granulation t i ssue i n  response to rela
tively minor trauma. They are frequently encountered in the perionychium. Most respond to curet
tage and chemical or electrical cautery of the base. 

10. What is the differential diagnosis for pigmented subungual lesions? 
The most common p igmented subungual lesion is posttraumatic hemorrhage, although the 

patient frequently reports no h istory of injury. These lesions usually "grow out" with the nail plate 
and can be identi fied by scoring the overlying plate and observing for several weeks. 

Benign nevi occasionally present in  a subungual location. 
Subungual melanoma i s  potentially serious and often d iagnosed late. The threshold for nai l  

plate removal and incis ional biopsy of a suspicious lesion should be low. 

1 1 .  What is the significance of pigment deposition within the nail plate? What is Hutchinson's 
sign? 

Benign p igment streaks in  the na i l  plate (melanonychia stri ata longitudinal i s )  are extremely 
common in black patients and often occur spontaneously, part icularly with advancing age. S imi lar 
streaking of  p igment in the nai l  plate may reflect the presence of a benign subungual (germinal 
matrix) nevus. Broader streaks of variegated color and streaks with cuticular pigmentation (Hutchin
son's sign) should raise suspicion of a subungual melanoma. 
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9 7 .  FI N G ERTI P I N J U RI E S  

Richard J .  Z ienowicz. M . D . 

1. Which is the most frequently injured finger? 
The long (middle) finger. Fingertips are the most frequently i njured part of the hand, and the 

long finger i s  most vulnerable because it i s  the last to be w ithdrawn from a machine or car door. 

2. Where is the greatest quantity of dermal lymphatics in the human body? 
The hyponych ium.  Teleologically i t  make sense to protect the parts of the body ( fingers and 

toes) most frequently in  contact with potential disease-causing organisms. 

3. What is the anatomic significance of the lunula? 
The lunula  represents the transi t ion zone of the prox imal germinal matrix and d istal steri le 

matrix of the nail bed. The cells at this point become pycnotic ( lose their nuclei ) .  

4. What is the cl inical significance of the lunula? 
The lunula vis ibly demarcates the germinal matrix even without the nail plate intact, unless it is 

heavi ly contused. If suffic ient turgid soft t issue support can be restored ( i .e . ,  thick thenar flap), the 
possibil ity of preservation of the tip and a reasonable, albeit shorter, nail can be anticipated. 
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5. What are the treatment goals for fingertip injuries? 
All treatment decisions involve a FAT compromise (function, appearance, and time). In general, 

the hand surgeon must endeavor ( I )  to preserve length and sensibil ity, (2) to prevent joint contrac
ture and symptomatic neuroma, (3) to encourage early return of function, and (4) to honor aesthetic 
considerations of the patient when feasible. 

6. Do most injuries involving primarily skin loss from the fingertip heal better with skin 
grafts? 

Usually not. Good results after conservative u·eatment (healing by secondary intention) are the 
rule; in several studies both cosmesis and sensibility were superior compared with skin graft ing.  

7. If the nai l  has been destroyed, why not just shorten the digit to the level of the distal inter
phalangeal joint? 

The profundus tendon attaches to the base of the distal phalanx. Shortening results in profound 
loss of strength because the insertion of the tendon is discarded. 

8. Describe the lumbrical-plus finger. 
The lumbrical-plus finger may arise after amputation of the distal phalanx or unrepaired lacera

tion of the profundus tendon. Loss of its distal insertion al lows the profundus tendon to migrate 
proximally, along with the lumbrical muscle attached to it in zone IV of the palm. hen a lumbrical 
contracts, ordinarily i t  pulls the profundus tendon in a distal direction and the later band in a prox
imal direction, result ing in extension of the proximal (PIP) and distal interphalangeal (DIP) joints 
and flexion of the metaphalangeal (MP) joint. When flexion i s  attempted in the l umbrical -plus 
finger, paradoxical extension occurs as the proximally migrated profundus tendon pul ls  the lumbri
cal proximally, forcing the IP joints into extension via the lateral band. 

9. Why not preserve the profundus function and pad the stump by suturing it  to the extensor 
tendon? 

In  most cases, this procedure would result in the quadriga syndrome, which Verdan named 
after the Roman charioteers who had to control the reins to four horses. Tendon balance is upset by 
relatively minor changes in length. Yerdan described the inabi l ity to achieve fu l l  composite flexion 
( i .e . ,  c lenched fist) if  the profundus tendon of one finger is pul led to greater-than-normal resting 
length. The effect is simulated by holding the long or ring finger in extension while attempting to 
make a fist with the others. 

1 0. Which local flap is most suitable for reconstruction of multiple fingertip injuries on the 
same hand? 

The cross-finger flap uses tissue from the dorsum of the middle phalanx but can be designed 
with equal versati l ity and rel iabi l i ty from the proximal phalanx or pa/mar or axia.l surfaces .  This 
technique allows concu1Tent repair of 3 or sometimes even 4 adjacent fingertip injuries. 

1 1 .  What vital structure is susceptible to injury during elevation of a thenar flap? 
The radial digital sensory nerve to the thumb, which courses along the surface of the flexor pol

licis brevis muscle. 

12. Some authors have worried about permanent joint contractures after thenar tlap use and 
cautioned against this technique in older patients. Is such concern warranted? 

The thenar flap requires 1 0- 1 4  days of immobil ization with the PIP joint in flexion. In a careful 
review of 1 50 cases, Melone and Beasley found only 6 patients who demonstrated stiffness, usually 
with less than J 5° of extension loss. Thirty-one patients were over 50 years of age, and only one had 
persistent sti ffness. 

13. Neglect of what key technical element in direct closure of a digital amputation typically re
sults in a persistently painful finger? 

Failure to resect a sufficient length of each digital nerve to avoid neuroma fo1mation in the pre
hensile surface area. 
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14. Anesthesia for fingertip injuries is usually accomplished by digital block. What measures 
can significantly decrease the pain associated with local injection? 

The first step is to choose the dorsal web spaces, where pain and pressure receptor distribution 
is proportionately far less than in palmar skin. A smal l-gauge needle (25 G or less) disturbs fewer re
ceptors. The pain of injection has been shown to be related primarily to the acidic pH of the injectate 
(plain xylocaine - 3 .3-5.5) .  Addition of sodium bicarbonate (44 mEq/L) to xylocaine in a I :9  ratio 
( i . e . ,  l cc b icarbonate to 9 cc xylocaine) raises the pH to approx imately normal t i ssue range 
(7.35-7 .45 ) ;  lowers the pKa; and results in quicker in i t iat ion of the block and shorter durat ion of 
act ion. Thi s  procedure can be supplemented with straight l ocal injection and/or bupivacaine to 
extend the duration of anesthesia.  Avoid mix ing bicarbonate with marcaine because it w i l l  cause 
m i lky precipitation. Lastly, a slow injection avoids excessive pressure receptor activat ion unt i l  the 
anesthetic effect has begun. 

15. What is glabrous skin? 
Glabrous skin is  devoid of pi losebaceous units and generally heals w ith less scarring. The best 

location for obtaining glabrous skin for use on hand and fingert i p  injuries is  the u lnar aspect of the 
hypothenar eminence. 

16. Are there any tricks to obtaining a graft of uniform thickness? 
The Pi tk in technique used to obtain skin grafts from d i fficu l t  donor s ites is ideal for the hy

pothena.r region. Xylocaine with epinephrine is injected subcutaneously to raise a wheal in  the shape 
of the i ntended graft (drawn wi th a marking pen) .  A long blade ( Weck or Goul ian) is necessary 
except for small grafts, which may be taken with a no. 1 0  or 20 blade. The best instrument for th is 
area is a Davol dermatome, which looks l i ke an electric toothbrush (Stanley S imon, a general sur
geon, designed i t  in his basement workshop). The Davol dermatome allows harvest of a nearly ful l 
thickness graft that wi l l  contract minimally yet leave an inconspicuous donor s i te .  

17.  Describe the terminal vascular anatomy of the finger. 
The two d ig i tal arteries form an anastomotic arch near the term inal insertion of the profundus 

tendon. The arch then gives off two smal ler collateral arteries and one larger ( < 0.7-mm diameter) 
artery, all of which remain cont iguous d istal ly with the dorsal network of much smaller cal iber. 
LaterounguaJ veins are too narrow for m icrosurgical anastomosis. Sui table veins for anastomosis are 
present on the palmar pulp surface immediately beneath the skin. 

18. What is the cap technique? 
Using the robust periosteal circulation of the distal phalanx, Rose described a technique of l im

i ted removal of proxi mal soft tissue, including nai lbed, and replacement of amputated d istal parts 
usual ly not suitable for replantation over this bone. His technique improved survival of composite 
tip grafts. 

19. Do neurovascular island flaps eventually integrate sensoral ly with their new site after 
transfer? 

In only 20-40% of adults but more frequently in chi ldren. 

20. Aside from local flaps, what other techniques may be used to correct soft tissue losses to 
the fingertip? 

Composite grafts from the toe distal phalanges provide l ike tissue with minimal donor morbid
ity and deformi ty. Distant flaps from the groin ,  abdomen, chest, and elsewhere are occasional ly 
used, especial ly when involvement of mult iple digits makes local donor s i tes unusable or impracti
cal. Free t issue transfer of toes, either complete or partial ,  is an excel lent choice for distal phalangeal 
reconstruction of the thumb because i t  results in  optimal functional and aesthet ic restoration. 

21. Cold intolerance after fingertip injury is common. When does it resolve? 
Probably never. Prev ious teaching that cold intolerance was a transient phenomenon has been 

challenged lately by many surgeons' reports of longstanding persistent symptoms that may become 
more tolerable but nevertheless remain bothersome. 
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22. How is sensibility affected after advancement flap reconstruction of the fingertip? 
The typical V-Y flaps provide near normal (5-7 mm) two-point  d i scrim ination, whereas the 

Moberg and other axial  refinements of this flap can restore normal sensation ($ S mm). 

23. Flaps are composite tissues in tended to replace missing soft tissues (and occasionally 
muscle, bone, or cartilage) with similar components. Their common denominator, when suc
cessful, is patency of arterial inflow and venous outflow. Associate the following flaps with 
their respective anatomic descriptions. 

I .  Axial flap 2. Random flap 3.  Island flap 4. Pedicle flap 
A ( ) Perfusion derived exclusively through the subdermal plexus of vessels. 
B ( ) Arteriovenous connection; "leash" of blood vessels supplies flap. 
C ( ) Harvested from an area with a known arteriovenous blood supply while remaining con

nected by skin and subcutaneous t i ssue to its donor site. 
D ( ) In all respects identical to axial pattern flap, but skin and soft t issue attachments are d i 

v ided, leaving the flap attached only to its dominant blood vessels. 
Answers: A (2), B (4), C ( l ) , D (3) 

24. Choose the descriptive name or eponym for the following flaps: 

A 

A ( ) V-Y advancement flap w ith unilateral or bi lateral applications 
B ( ) Heterodigital random pattern flap, optionally providing sensation 
C ( ) Axial advancement flap most appropriate for thumb 
D ( ) Heterodigi tal neurovascular is land flap that leaves insensate donor site 
E ( ) Axial dorsal flap with hetero- and homodigital applications 
F ( ) Versati le island flap based on the first dorsal metacarpal artery (first described by Foucher) 
G ( ) Random-pattern, palmar-based flap with myriad configurations 
H ( ) Palmar advancement flap best suited for dorsal oblique amputations 

,," ,, 
,------ - -

FIGURE 1. Moberg volar advancement flap. M id lateral in 
cisions are made on the radial and ulnar sides of the  thumb. and 
the volar flap is elevated. The MP and IP joints are flexed at a 
30-40° angle, and the flap is advanced. (From Tsuge K :  Com
prehensive Atlas of Hanel Surgery. Chicago, Year Book, 1 989, 
p 84, © Nankoclo, Tokyo, 1 984, with permission .) 

FIGURE 2. Ataso) - Kle inert volar 
V-Y advancement flap. A ,  Flap design. 
B, Flap elevation and advancement. C, 
Inset. (From Green DP (eel): Operative 
Hanel Surgery, vol. I ,  3rd eel. New York, 
Churchi l l  Livingstone. 1 993, p 56. wi th 
permission. )  
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FIGURE 3. Kutler lateral V-Y advancement nap. A ,  Flap design. 8, Flap elevation and advancement. C, Inset. 
(From Green DP (eel): Operative Hand Surgery, vol. I , 3rd ed. New York, Churchi l l  Livingstone, 1 993, p 56, with 
permission.) 

FIGURE 5 (rig/11). Littler n ap. 
The flap is  elevated based on the 
ulnar neurovascular pedicle and 
passed through a tunnel to the 
thumb defect. The donor site is 
closed with a full-thickness sk in 
graft. ( From Coleman DA, Yal
n icek SM:  Neurovascular is land 
flaps. I n  Blair WF (eel ) :  Tech
niques in Hand Surgery. Bal t i 
more, Wi l l iams & Wilk ins, 1 996, 
p 62, with permission.) 

FIGURE 4 (a/Jove) .  Flag flap. The reliability of the flap is improved 
when at least one cutaneous vein and a dorsal digi ta l  artery are in
cluded i n  the staff of the flag. (From Foucher G, Khouri RK: Digi ta l  re
construct ion with is land flaps. Cl in Plast Surg 24: 1 7 , 1 997, with 
permission . )  

Subcutaneous 

Tissue Cuff 

Full Thickness Skin Graft 
Inset Flap------11 

Superficial 
Arch 

Median 

Nerve 

FIGURE 6. Cross-finger flap. This flap is typically elevated from the dorsum of a middle phalanx for coverage 
of a volar defect on an adjacent digit or the thumb. The donor site is closed with a skin graft. (From Calkins ER, 
Smith DJ : The cross-finger flap. In  Blair WF (eel): Techniques i n  Hand Surgery. Bal t imore, Wi l l iams & Wilkins, 
1 996, p 49, with permission.) 
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FIGURE 7. Thenar flap. (From Tsuge K :  
Comprehensive Atlas of  Hand Surgery. Chicago, 
Year Book, 1 989, p 82, © Nankodo, Tokyo, 
1 984, with permission.) 

Answers (figure number in parentheses): 
A (3), B (6), C ( ! ), D (5), E (4), F (8), G (7), 
H (2) 

FIGURE 8. Kite flap. This flap is raised from the dorsum 
of the proximal phalanx of the index finger and transferred to 
the thumb. Superficial branches of the radial nerve that inner
vate the skin island are included in the neurovascular pedicle. 
(From Foucher G, Khouri RK:  Digital reconstruction with 
island flaps. Clin Plast Surg 24:2 1 ,  1 997, with permission.) 
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9 8 .  I N FECTIONS O F  TH E H AN D 

Norman Weinzweig, M D ,  and Mark H .  Gonzalez, M D .  

1 .  Who was Allen B .  Kanavel? 
Allen B. Kanavel, Professor of Surgery at Northwestern University Medical School in Chicago, 

wrote the classic treatise, lnfecrions of rhe Hand, in 1 9 1 2  during the preantibiot ic area, expounding 
many basic principles in hand surgery. His work served as an invaluable guide to the surgical treat
ment of acute and chron ic suppurative processes of the fingers, hand, and forearm, i ncluding the 
pathways of spread of infection and placement of surgical incisions. He al o promulgated the fas
cial-space concept. 

2. What was the mortality rate associated with hand infections in the preantibiotic era? 
Acute lymphangitis caused by streptococcal infections of the hand was associated with signifi

cant morbidity and mortal ity in  the preantibiotic area. Mortality rates as high as 28% were c i ted in  
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the l iterature. After the introduction of antibiotics, streptococcal species were found to be  exqui sitely 
sensitive to pen ic i l l in .  

3. What is the most common hand infection? 
Paronychia. 

4. What is the most common pathogen responsible for hand infections? 
Staphylococcus aureus. 

5. What is the etiopathogenesis of felons? 
Felons arise when a penetrating wound contaminates the fat pad of the d istal phalanx, producing 

a closed-space abscess. The abscess is associated with progressive tenderness and throbbing pain. A 
v ic ious cycle of inflammation, congest ion, venous compromise, necrosis, and abscess formation i s  
in i tiated. The abscess generally points in the path of least resistance, the  s i te of maximal tenderness. 
Spontaneous decompression may occur wi th skin necrosis .  If the skin is unyielding, felons may 
result in osteomyelit is, tenosynov it is ,  or septic arthritis. 

6. What are the possible consequences of untreated or inappropriately treated felons? 
• Painful, unstable, insensate, unaesthetic scars • Osteomyel i t is  
• Acute flexor tenosynovi t i s  • Deep space infection 
• Septic arthritis • Amputation 

7. What are the different types of incisions for drainage of felons? 
• Fishmouth • Through-and-through • Midvolar longitudinal 
• 1 or hockey stick • Volar transverse • Uni lateral high midlateral 

8. Describe the advantages and disadvantages of the above incisions. 
Various inc is ions have been described for the treatment of felons. The fishmouth or a l l igator 

mouth incision is  mentioned only to be condemned; i t  often results in  a painful ,  unstable scar. The J 
or hockey stick and through-and-through incisions are s imi lar to the fishmouth incision. The volar 
transverse incis ion may injure the term inal digital nerve branches at the level of the trifurcat ion. 
Popular incis ions for the treatment of felons include the traditional uni lateral h igh m idlateral inci
s ion and the less-known but equally acceptable midvolar longitudinal incision. The midvolar longi
tudinal incis ion must 1w1 be carried proximal to the d i stal i nterphalangeal joint crease to avoid 
problems with contracture. This  incision avoids the potential problems with a h igh midlateral inci
s ion when the abscess points volarly, predisposing to necrosis of the intervening skin bridge. 

9. What are the advantages of the mid volar longitudinal incision? 
• Most direct approach:  drain an abscess • Minimizes injury to digital nerves 

where it points • Least amount of scarring 
• Most efficient drainage • Maintains stabi l i ty of soft t i ssue pad 

10 .  What complications may follow treatment of felons? 
• S lough of the bridge of normal skin between the incis ion and central necrosis (high midlateral) 
• Anesthesia wi th bl ind digit t ips after cutting tern1 inal digital nerve branches (transverse volar) 
• Pain due to neuroma formation or cicatricial entrapment of nerve endings (transverse volar) 
• Unstable pulp due to division of fibrous septae (fishmouth) 
• Unsightly scars 

1 1 . What is the clinical presentation of herpetic whitlow? 
This i n fection is common in  health care workers, such as dentists and resp iratory therap ists, 

who are exposed to the herpes simplex v irus. The incubation period i s  2- 1 4  days. It i s  characterized 
by throbbing pain, swel l ing,  and erythema in the affected finger. Vesicles of clear flu id often coa
lesce to form u lcers over I 0- 1 4  days. 

1 2. Is herpetic whitlow an aseptic felon? 
Herpetic whit low is often described as an aseptic fe lon. This i s  a misnomer because herpetic 

whit low is  a cutaneous disease and therefore does not involve the deep pulp space. 
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13. How is herpetic whitlow treated? 
Herpetic whitlow is treated conservatively. The infection runs a self-l imited course and usual ly 

resolves spontaneously within 3 weeks with normal healing. Herpes infections may prolonged in 
immunocompromi sed pat ients and patients with secondary bacterial infection. The treatment of 
herpes infections of the hand should be conservative with analgesics and elevation to reduce pain 
and swell ing. Incision and drainage are to be avoided unless a secondary bacterial ab cess develops. 
Antiv iral agents such as acyclovir or foscarnet may be used in immunocompromised patients wi th a 
refractory herpetic infection. 

14. Is surgical drainage ever indicated for the treatment of herpetic whitlow? 
No. Incision and drainage may lead to devastating complications involving the entire distal pha

lanx with bacterial superinfection and even ascending encephalitis that results in death. The only possi
ble role for surgery is segmental nail removal for relief of pain over the involved port ion of the nailbed. 

15. What are acute paronychia? 
Acute paronychia are infections of the soft tissue fold around the fingernail (nail fold). They in

volve disruption of the seal between the proximal nail fold and the nail plate and provide a portal of 
entry for bacteria. 

16. What is a "run-around" infection? 
Continui ty of the paronychial t issue with the eponychial t issue overlying the t issue of the nai l  

may resul t  in  extension of the infection to involve both the eponychium and paron ch i  um.  A run
around abscess usually involves the entire nail fold, spreading under the nail su lcus to the opposite 
side; i t  i s  most commonly seen in  young chi ldren and cases of neglected paronychia.  Most often, 
gram-posi tive cocci such as staphylococci and streptococci a.re the culprits. In chi ldren, the infection 
has an increased distribution of anaerobic and mixed bacterial flora. 

17. How are acute paronychia treated? 
Early in their course, acute paronychia occasional ly can be treated by soaks, hand elevation, 

splintage, and antibiotics. Once the nail fold i s  elevated by accumulation of pus, drainage should be 
performed. First the involved finger i s  soaked in warm suds water for 1 5-30 minutes to loosen the 
nail fold; a Freer elevator i s  then used to tease gently the eponychial fold in the area of  pus accumu
lation and thus faci l itate drainage. One-fourth-inch plain gauze i s  loosely packed in the wound. the 
hand is spl inted and elevated, and antibiotics are given. Often, no anesthetic (digital nerve block) is 
necessary. ln rare cases, i t  is  necessary to incise the eponychial fold longitudinally, as described by 
some surgeons. 

18. What are chronic paronychia? 
Chronic  paronych ia  demonstrate an indurated and rounded cut icle as a resul t  of  recurr ing 

episodes of  increased inflammation, drainage, and eventual thickening and longitudinal grooving of 
the nai l  plate. They are most often seen in middle-aged women as a result of prolonged occlusion of 
the nail fold in  the presence of Candida albicans (cultured in  95% of cases) .  Mechanical separation 
of the undersurface of the cuticle from the upper layer of the nail plate may be due t trauma, mani
cure, prolonged immersion in  water (dishwashers), fungal invasion of the subcuticular area, retained 
foreign body, and necrotic nai l .  

1 9 .  How are chronic paronychia similar t o  acute paronychia? 
Chronic paronychia are a completely dist inct entity from acute paronychia with no s imi larities 

except involvement of the nail fold. 

20. How are chronic paronychia treated? 
Chronic  paronychia are far more d ifficult and frustrati ng to eradicate than the acute form. 

Nonoperative treatment is universally unsuccessful .  Surgical procedures include mar upial ization of 
the eponychium, as described by Keyser and Eaton in 1 976, and total onychiectomy (nai l  plate re
moval) and application of antifungal-steroid ointment to the nai lbed (3% B io-form in Mycolog), as 
described in K ilgore and Graham in 1 977. 
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21 .  How many cardinal signs did Kanavel originally describe? 
Kanavel original ly described only three cardinal signs. A lthough he mentioned in h is  treatise 

that "the whole of the finger is  uniformly swollen," this observation was not a cardinal sign. 

22. What are Kanavel's four cardinal signs of flexor tenosynovitis? 
I .  Exquisite tenderness that affects the entire tendon sheath and is l imited to the sheath 
2.  Intense pain with passive extension of the finger, most marked at the proximal end 
3.  Semiflexed finger 
4. Fusiform or symmetric swel l ing of the entire finger 

23. How is acute flexor tenosynovitis treated? 
Acute flexor tenosynovit is is treated by tendon sheath irrigation. The patient is taken to the op

erating room, and e ither the open or closed approach is used. 

24. What are the open and closed approaches to tendon sheath irrigation for acute flexor 
tenosynovitis? 

The closed approach to tendon sheath irrigation involves l imited incisions for drainage of the in
volved tendon sheath. Placement of the incisions varies, but they are usually located distal to the A)A5 
pulley at the level of the distal interphalangeal (DIP) joint and just proximal to the A 1 pulley at the level 
of the distal pal mar crease. Vigorous intraoperative irrigation of the tendon sheath is key to the treat
ment of this hand emergency. Although some surgeons prefer I 0% antibiotic solut ions for irrigation, 
the mechanical action of the irrigant appears to be more important than the nature of the irrigant. Many 
surgeons set up an irrigating system postoperatively, with 2 catheters situated proximal and distal to the 
ends of the tlexor sheath, but it is  most likely that intraoperative inigation plays the critical role in treat
ing the tenosynovitis. The closed approach allows primary wound healing with less scarring, less risk 
of desiccation and tendon necrosis, shorter hospitalization (< 72 hours), active flexion and extension 
exercises within 48-72 hours, rapid and complete functional recovery with minimal morbidity usually 
within 7-1 0  days, greater patient compliance with less pain on exercise, and a smaller primary wound. 

The open approach, which uses midaxial or volar zig-zag incisions, exposes delicate structures 
to infection with subsequent fibrosis and loss of function. Other problems include increased risk of 
tendon necrosis, greater scarring, and significant morbidity. The open approach essentially involves 
fi l let ing the volar aspect of the involved finger with d irect drainage of any purulent material. 
Treatment may require secondary procedures and prolonged hospitalization and rehabi l itation and 
yield a less desirable functional result. 

25. How is gonococcal flexor tenosynovitis treated? 
Gonococcal flexor tenosynov i t i s  most commonly arises by hematogenous spread from a 

genitourinary focus .  It is often the only mani festat ion of disseminated gonorrhea. The c l inical 
picture i s  acute tlexor tenosynov i t i s .  Treatment i s  by c losed sheath i rr igat ion and intravenous 
pen ic i l l in  G ,  I mi l l ion U every 4 hours, or a third-generation cephalosporin .  Good funct ional re
covery is the rule .  

26.  Which pathogens are most commonly responsible for acute flexor tenosynovitis? 
Most cultures are sterile because of the initiation of antibiotic therapy before culture. The most 

common pathogens are gram-positive cocci. 

27. What are the complications of untreated or inappropriately treated acute flexor teno
synovitis? 

• Skin necrosis 
• Tendon adhesions 
• Tendon necrosis and rupture 
• Joint ankylosis 

• Septic arthri tis 
• Osteomyelitis 
• Deep space abscess 
• Amputation 

28. What are the fascia! spaces in the hand? 
The fascia! spaces are potential spaces located throughout the hand that swell after implantation 

of bacteria, such as by penetrating injuries. 
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29. Name the fascia! spaces of the hand. 
• Thenar space 
• Middle palmar space 
• Hypothenar space 
• Subfascial web space in the palm and 

interdigital area ("collar button") 

• Dorsal subaponeurotic space 
• Dorsal subcutaneous space 
• Radial bursa 
• Ulna bursa 
• Parona 's space 

30. Why are the fascia! spaces pertinent to hand infections? 
Pus from an infection in the flexor tendon sheath of the ring or middle finger may rupture i nto the 

middle palmar space. Similarly, pus from an infection in the index flexor tendon sheath may rupture 
into the thenar space. Infection in the hypothenar space is rarely described. The dorsal subcutaneous 
space is a large potential space overlying the entire dorsum of the hand and may contain large vol
umes of pus. The dorsal subaponeurotic space l ies deep to the aponeurosis of the extensor tendons. 

31 .  What is a "collar-button" abscess? 
A coll ar-button abscess is an infection of the subfascial palmar space, which is contiguous with 

the dorsal subcutaneous space between d1e fingers. The subfascial palmar space and d1e dorsal subcuta
neous space are the two most superficial of the deep spaces in the hand. Collar-button ab cesses begin as 
bl isters, which become infected with intracutaneous and subcutaneous pus in the palm. Tethering of the 
skin to the pal mar fascia makes it difficult for a subcutaneous infection in this area to track superficially 
beneath the space or between the skin and fascia. Consequently, instead of spreading peripherally, 
the abscess extends dorsally to the palmar fascia. Contiguity witll the dorsal subcutaneous tissues causes 
a great deal of dorsal swel l ing with abduction of the fingers because of purulence between the digits 
palmarly and dorsally. Treatment requires incision and drainage of the subcutaneous blister with exci
sion of the pal mar fascia. Exposure of the superficial dorsal extension allows complete W11·oofing of the 
subfascial infection. Great care must be taken to identify the bifurcation of the digital arteries to the ad
jacent sides of the fingers. Local wound care and early motion usually result in full functional recovery. 

32. What are the causes of dorsal hand swelling? 
( 1 )  Lymphatic drainage to the dorsum of the hand from either pal mar or dorsal infection sites, 

(2) dorsal subcutaneous abscess, and (3) dorsal subaponeurotic abscess. 

33. Describe the treatment of a dorsal hand abscess. 
The dorsal subaponeurotic space in the hand is a potential space that usually becomes secondar

i ly  infected from a local penetration injury. It is often difficult to differentiate this infection from a 
dorsal subcutaneous abscess. The problem should be approached as the worst case scenario-a sub
aponeurotic infection. Two l inear incisions should be made on the dorsum of the hand, one over the 
second metacarpal and one between the fourth and fifth metacarpal. This technique permits differen
tiation of the infection, drainage, and satisfactory coverage of the tendons. A dorsal midl ine incision 
in the case of a subaponeurotic abscess may result in extensor tendon loss due to de iccation, infec
tion, and ischemia. Early motion is mandatory after drainage and should i nvolve all three d ig ital 
joints plus the wrist joint to maintain extensor tendon gl iding. 

34. What are the boundaries of the thenar space? 
Dorsal :  musculature of the adductor pol l icis 
Volar: fascia overlying adductor pollicis 
Radial: fusion of adductor pol l icis and adductor fascia at their insertion into the proximal pha

lanx of the thumb 
Ulnar: midpalmar space or oblique septum extending from the palmar fascia to the volar ridge 

of the third metacarpal 
The thenar space is contiguous with the flexor tendons of the index finger. lt is exposed to local 

penetrating injury. 

35. What is the position of the thumb in thenar space infections? 
The thumb is held in marked abduction because this maneuver reduces pressure within the abscess 

cavity. Progressive infection within the thenar space usually tracks dorsal ly over the adductor pol l icis 
and first dorsal interosseous muscles. This progression produces a dumbbel l  effect with extension 
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of the abscess from its origin deep to the flexor tendons of the index finger over the adductor pol l ic is  
and first dorsal interosseous to i ts  s i te of presentation superficial to the first dorsal interosseous. 

36. What incisions are used for drainage of thenar space abscesses? 
Adequate drainage of a thenar space infection must permi t  exposure to the dumbbe l l  abscess 

with care to protect the digital nerve and artery to the radial aspect of the index finger as well as the 
nerve and volar blood supply to the thumb (ulnar digital nerve and princeps pol l ic is artery or only 
the ulnar digital artery to the thumb). The recommended incisions are perpendicular to the web space 
approximately l cm proximal to the thenar crease and extend proximal ly  on the dorsum or palm 
toward the convergence of the index and thumb metacarpals .  The fasc ia  overl ying the adductor 
muscle and first dorsal in terosseous can be excised widely. Incisions paral lel to the web space e i ther 
volarly or dorsal ly result in a contracture web space between the thumb and index finger. 

37. What are the boundaries of the midpalmar space? 
M idpalmar space infections are located ulnar to the oblique septum. They may result from either 

indirect inoculation by a penetrating injury or rupture of flexor tenosynovit is  involving the m iddle or 
ring fingers. They occur less commonly than thenar space infections, probably because of the rela
tively protective nature of the midpalmar space compared with the dorsum of the thumb-index web. 
Flexor tenosynovit is involving the l ittle finger tracks proximally through the ulna bursa and does not 
enter the midpalmar space. Infection resul ts in  dorsal swel l ing (as in a thenar abscess) .  I t  i s  the only 
infection resul t ing in loss of palmar concavity. The infection is located deep (dorsal ) to the flexor 
tendons and volar to the metacarpals. 

38. What incisions are used for drainage of a mid pal mar space abscess? 
An oblique or transverse palmar incision should al low wide exposure of the palmar fascia  wi th 

identification and protection of the neurovascular bundles of the adjacent fingers as well as the deep 
palmar arch and ulnar motor nerve. 

39. What structures are connected to form a "horseshoe" abscess? 
The sheath of the flexor pol l icis communicates with the radial bursa. Likewise, the sheath of the 

l ittle finger communicates with the ulnar bursae. The two bursae communicate wi th the deep space 
just superficial to the pronator quadratus, termed Parona's space. An infection of the tendon sheath 
of the thumb or l i tt le finger may progress through Parona's space into the other s ide ,  forming a 
horseshoe abscess. 

40. What factors lead to the development of osteomyelitis after a human bite? 
Delayed treatment, inadequate init ial debridement, and init ia l  suturing of the wound. 

41. What organisms are encountered in a human bite infection? What is appropriate initial 
antibiotic therapy? 

The organisms are m icrobes commonly found on the skin or in  the mouth. Examples inc lude 
gram-posi t ive aerobic  organisms (Staphylococcus aureus, Staphylococcus epidermidis, Strepto

coccus species )  and anaerobes (Peptococcus species, Peptostreptococcus species, Bacteroides 
species, and Eikenel/a corrodens, a facu ltative anaerobe). Antibiotic coverage must cover gram-pos
it ive and anaerobic organisms. A first-generation cephalosporin in combination with pen ic i l l in or 
ampici l l in in combination with clavulonic acid fosters adequate coverage. In penic i l lin-sens itive pa
tients, c l indamycin may be used, but £. corrodens is resistant to c l indamycin and an additional an
tibiotic may be added based on culture and sensit ivity. 

42. What organisms are associated with wounds contaminated with river or sea water? What 
antibiotic therapy is appropriate? 

Vibrio vulnificus occurs in  coastal and brackish water and commonly infects cuts acquired whi le 
cleaning or shell ing crabs. The organism is sensitive to tetracycl ine and chloramphenico l .  Mycobac
terium marinum infection, termed "swimming pool granuloma," is a cutaneous i nfection acqui red in 
fresh water. Appropriate ant ibiotics are rifampin and ethambutol or trimethoprim-sulfamethoxazole. 
Aeromonas hydrophila is also commonly found in  fresh water and may i nfect open cuts in swim
mers. Appropriate antibiotics are c iprofloxacin, trimethoprim-sulfamethoxazole, and tetracycl i ne. 
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43.  What factors predispose to the development of necrotizing fasciitis? What are the etiologic 
organisms? Describe the pathologic process. 

Necrotiz ing fasci i t is is most frequently seen in intravenous drug abusers, diabetics, and alco
holics. The organisms most frequently noted are beta-hemolytic streptococci and m ixed aerobic
anaerobic organisms. The infection causes l iquefaction necrosis of the fascia wi th elective spread 
along fascia! planes. Involvement of the skin and muscle occurs at later stages with bul lae formation, 
skin slough, and myonecrosis. 

44. What organisms are frequently seen in dog and cat bites? 
Dog bites: S. aureus, Streptococcus viridans, Pasteurel/a multocida, and Bacleroides species. 
Cat bites: P.  multocida. 

45. Describe the clinical presentation of sporotrichosis in the upper extremity. How is it treated? 
Sporotrichosis is a chronic granulomatous infection caused by the saprophytic fungus Sporothrix 

schenckii. After inoculation through a skin abrasion or thorn puncture, a local ulceration develops. 
The disease then spreads through the lymphatic channels with red, hard nodules and u lcerations 
along the path of lymphatic spread in the arm. On rare occasions, the disease presents wi th inflam
matory arthrit is of  the joints of the hand or wrist. Treatment is a long course of  oral potassium 
iodide. Refractory disease and extracutaneous disease respond to intravenous amphoteric in B .  

46. What factors predispose t o  the development of gas gangrene? How i s  i t  treated? 
Gas gangrene i s  caused by Clostridium species or other gas-forming organisms. The condition 

is frequently seen in  grossly contaminated wounds with crushed or anoxic tissue. Sucuring of a con
taminated and inadequately debrided wound also may predispose to this condit ion.  Treatment re
quires emergent debridement and appropriate antibiotics. 

47. What organisms are frequently cultured from abscesses due to intravenous drug abuse? 
The cultured organisms are common skin or oral flora. Saliva contamination is common because of 

the practice of licking needles. The drugs are not sterile and also may harbor organism . The most com
monly cultured organisms are streptococci, S. aureus, E. corrodens, and Bacteroides species. Antibiotic 
coverage must include gram-positive organisms and anaerobes. A combination of cephalosporin and 
penici l l in or ampici l l in and clavulonic acid provides adequate initial coverage pending culture results. 

48. In diabetic hand infections, what factors correlate with an increased risk of amputation? 
The risk factors are infections involving structures below the subcutaneous tissue, concomitant 

renal fai lure, and infections with gram-negative, anaerobic, or polymicrobial organisms. 
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99. REPLANTATI O N  AN D REVASCU LARIZATION 

Rudolf F .  Bun tic ,  M D ,  a nd Harry ) .  B uncke, M D. 

1. What is the goal of replantation surgery? 
The goal of replantation surgery is successful restoration of function. Revascu larizat ion of an 

amputated part does not necessari ly mean success. If the revascularized part has no useful function, 
or interferes with normal activi ty, proceeding with replantation must be quest ioned. The surgeon 
needs to decide whether the patient wi l l  best be served by replantation or completing the amputation. 
Mult iple factors, such as the nature of the affected part(s), other injuries, mechanism of injury, age, 
work status, and motivation of the patient, influence the decision. 

2. What important factors affect outcome in extremity replants? 
Multiple factors affect outcome in replantation. Certainly patient age and general health are among 

them. Factors specific to the amputation and not related to general health include the fol lowing: 
1 .  Level and complexity of the injury. The more d istal the injury, the greater the chance for 

success. An exception is d istal replants beyond the tr ifurcation and d i stal in te rphalangeal (DIP) 
joints ,  in which establ ishing c irculat ion may be more difficult .  

2 .  Ischemia t ime. The longer the ischemia, especial ly warm ischemia, the worse the prognosis .  
3 .  Upper extremity replants tend to do better than lower extremi ty repl ants .  
4. Sharp i njuries tend to do better than crushing or avulsion injuries. 
5 .  Mul t iple-level injuries do not do as wel l  as s ingle-level injuries. 

3. What are the i ndications for replantation? 
Each patient needs to be evaluated on an individual basis ,  taking i nto account all of the pa

t ient 's h istory and needs. The fol lowing factors are strong ind ications for replantation: ( 1 )  mul t i 
ple finger amputations, (2) thumb amputations, (3 )  hand amputat ions at  the palm or wris t ,  and (4) 
pediatric amputations. The fol lowing factors are less absolute indications and are considered con
troversia l  by some: ( 1 )  loss of a s ingle digit ,  exc luding the thumb, and (2) ring avu ls ion inj uries. 
However, in appropriately selected cases with motivated patients, results can be excel lent. 

4. What are the contraindications to replantation? 
( 1 )  Upper extremity amputat ion proximal to the m idforearm with ischemia t ime longer than 6 

hours, (2 )  concomitant l i fe-threaten ing i njuries, (3 )  mul t ip le-level  i njur ies ,  (4) severe crush or 
avuls ion, (5 )  extreme contamination, (6) systemic  i l lness or surgical h i s tory precluding replanta
tion, and (7) self-mutil ation cases and psychotic patients. 

5. Is an operating microscope required to perform a replant? 
Although some surgeons report success with loupe magnification when performing free flaps, 

this is not the case for replantation, especia l ly  in d igital replantation, in  which the vessel s  can be 
quite small . A good microscope is essential for adequate v isual ization and precise technique. D igital 
replants, especial ly in chi ldren, often have vessel diameters less than 1 mm. Loupe magnification is 
usually used to examine and dissect the amputated part in  preparation for vessel and nerve repair. 

6. What closing pressure in a microvascular clamp may result in intimal injury? 
Clamp-closing pressures > 30 gm tend to cause intimal damage. The clamp size is  not as relevant 

as closing pressures. Precise atraumatic technique is essential to minimize the risk of thrombosis. 

7. Describe the operative sequence in finger or hand replantation. 
Bone shortening and osteosynthesis are usual ly performed first. Shortening of bone fac i l i tates 

tension-free anastomosis .  Arterial repair or flexor tendon repair is usually done next. Nerve repair 
can be performed after artery repair. The hand can then be turned over, and the extensor tendon 
repair i s  perfonned. A dorsal vein i s  repaired next. The skin is then closed. Sometimes skin graft ing 
is necessary to complete the closure. Of course, c ircumstances are variable, and this order may be 
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changed to suit  the particular circumstances of an amputat ion. A skin graft for an open wound, even 
if placed over an anastomosis, is safer than a tight closure. 

8. In what situation is bone fixation postponed? 
Usua l ly  bony al ignment and fixation are performed first, because the procedure can be quite 

traumatic and d isrupt vesse l ,  nerve, and tendon repairs. However, i n  proximal i nj uries i n  which 
muscle i schemia i s  a factor, a temporary vascular shunt can be performed first to perfuse the part. 
With a large part susceptible to warm ischemia, immediate perfusion with a temp rary synthetic 
tube in the artery returns ischemia time to zero. Toxic metabol ites that collect in  the ischemic part 
are washed out. The part and proximal structures can then be dissected without the urgency of on
going ischemi a. Bone fixation can be done while shunt ing continues, or the shunting can be tem
porarily  stopped. 

9. What is the treatment for arterial insufficiency after replantation? 
If a finger turns white after successful revascularization, inflow usually has been interrupted. 

S igns are a pale digit that has poor capi l lary refi l l  and does not bleed i f  stuck with a needle. These 
s igns may indicate vasospasm, extrinsic pressure on the vessel ,  or c lott ing. Vasospasm can be 
avoided by maintaining a warm environment, administering analgesics, and possibly performing re
g ional b locks. The dressing may be too tight and should be removed or replaced as a f irst step. 
Another cause of ischemia may be pressure on the artery from swel l ing, t ight closure, or hematoma. 
A few key sutures that may cause tension can be removed. If this strategy fails, operative exploration 
and repair are indicated if the part is believed to be salvageable. 

10. Why do most replants fai l? 
Venous insufficiency is usually responsible for replant fai lure because venous structures are the 

most difficu l t  to repair. 

1 1 .  How many arteries need to be repaired to revascularize a finger successfully? 
Usually only one artery repair needs to be performed. In patients with distal ob truction or an 

unrecognized distal artery injury, a second artery may need to be repaired. 

12. How many veins need to be repaired? 
One vein can be enough to establish adequate venous drainage. Some surgeons advocate 2 or 3 

venous repairs, but this approach is t ime-consuming and may not be feasible in ver distal amputa
tions or in small chi ldren. 

13. What is the treatment for venous insufficiency? 
A finger that turns blue and lacks venous drainage wi l l  fail just as m iserably as one without ar

terial inflow. Cap i l lary refi l l  is  immediate, and the part often swel ls .  B leeding from the digit i s  usu
al ly quite dark, indicating poor oxygenation. Removing the dressing and, possibly, several sutures 
should  be considered first. The nail can be removed and the nailbed scrubbed and soaked with he
parin sponges to a l l ow continuous bleeding of the finger. Leeches also may be used. Leeches se
crete a powerful anticoagu lant, h irudin,  that results in bleeding of the bi te s i te for several hours 
after the leech has fi l led i ts stomach and fallen off. The continuous oozing of blo cl from the re
p lanted part allows inflow and outflow to continue unt i l  neovascularization occurs and blood can 
drain via cap i l laries. Because leeching can result in significant blood loss over t ime, blood counts 
need to be done at least daily. The possibi l ity of blood transfusion should be discussed with the pa
tient beforehand. 

14. How do you sacrifice a leech after it has been used? 
Leeches are used only once and then sacrificed. They cannot be reused. Sacrificing can usually 

be pe1formed by placing the leech in pure rubbing alcohol. 

15. What kind of infection is associated with leeches? 
Leeches are colonized with Aeromonas hydrophila, which may cause serious oft t issue infec

tions in replants. For this reason all patients who undergo leech treatment should be covered for A .  
hydrophila with prophylactic cefotaxamine or ciprofloxacin. 
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16. Which vessels are used in  ear replantation? 
Ear replantation can be one of the most difficult chal lenges for a microsurgeon. Commonly the 

injury is an avulsion type with a crush component. Motor veh ic le accidents and human b ites are fre
quent causes. Good vessels  can be difficult to find, and venous congestion is common postopera
tively. Branches from the superficial temporal vessels or posterior auricular vessels can be used i f  
present. However, because ear injuries usual ly have a crush avulsion component, these vessels are 
often too severely damaged for m icrosurgical repair. The superficial temporal vessels can be used di
rectly, with or wi thout vein grafting. The disadvantage is the loss of a pedicle for the temporoparietal 
fascia flap if it is required later. 

17. Which vessels are used in scalp replantation? 
Despite reports of scalp replantation with a single artery and vein, mult iple arterial and venous 

anastomoses are usual ly performed to provide adequate flow for the scalp. Vein  grafting is often re
quired. Any arteries or veins that are present are candidates, including the supraorbital ,  temporal, 
postauricular, and occipital vessels. 

18. A man presents to the emergency department with a four-finger saw amputation. The 
thumb was not amputated. The fingers are replantable. The small and long fingers are easy to 
identify, but the index and ring fingers are difficult to distinguish because they are the same 
length. How do you tell them apart? 

The index finger does not usually have hair on the dorsal midphalangeal skin, whereas the ring 
finger does. In the long term, this may not be important. But the patient certainly may be able to tel l 
the difference later and wonder why you put his fingers back on the wrong way. 

19. What methods are used to monitor replants? 
Early recogni t ion of circulatory compromise in a replanted part is essential if salvage is to be 

achieved. Many types of monitoring systems have been reported with variable resul ts .  The ideal 
system provides cont inuous and accurate information in a noninvasive fashion. To date, the ideal 
system has not been created. Cl inical evaluation of the replanted part by experienced physicians and 
nurses is  the best method of monitoring. Color, capil lary refi l l ,  temperature, and edema should be 
evaluated. Other more objective methods are also used. Quantitative fluorimetry has proved success
ful as an objective form of measuring perfusion. Other methods, such as surface temperature record
ings and Doppler measurements, also have been described. 

20. Should isolated ulnar artery or radial artery injuries be repaired if hand perfusion is judged 
to be good? 

Isolated repairs of ulnar and radial arteries have prev iously had poor results. Patency has im
proved with microvascular technique. S ingle-vessel patency rates without vein grafting have been 
repo11ed at 1 00% in one series, as measured by Doppler ul trasound imaging. Evidence of cold intol
erance after radial artery sacrifice argues for primary repair of damaged radial or ulnar arteries. 

21 .  What is heterotopic replantation? 
Heterotopic replantation impl ies replacing an amputated part in a different area from the area in 

which it originated. With mult ip le amputations, for instance, a crushed thumb may be replaced with 
a less injured digi t ,  or a digit may be moved to an u lnar pos i t ion to improve grip. With b i lateral 
upper or lower extremity amputations, one limb may be replanted on the opposite side to maintain 
length or function. I n  major mult iple trauma cases, an amputated part may be stored in  a distant un
injured area to be retransplanted later when the recipient area and the patient are stabi l ized. It is con
ceivable that a critical part may be stored in  a surrogate host who is temporarily immunosuppressed 
while the injured v ict im is treated and stabil ized. 

CONTROVERSY 

22. What type of anticoagulation is required after replantation? 
Tlu·ombosis of small vessels continues to be a problem after a microsurgical repair. To decrease fail

ure rates, multiple phrurnacologic agents have been used in the laboratory ruicl cl inically to prevent throm
bosis. No one regimen has proved to be most successful .  Daily aspirin is commonly used as a suppressor 
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of platelet aggregation. Often low-molecular-weight dextran is added, usual ly just before the micro
vascular clamps are removed. I t  is nomially used for approximately S days postoperatively. Dextran is 
believed to have both antiplatelet and antifibrin propert ies. I t  also appears to act as a volume expander. 
Heparin binds to antithrombin I I I  and inactivates thrombin and other enzymes in the clotting cascade. 
As with other anticoagulants, administration of heparin can increase the hematoma and bleeding rate. It 
is  commonly used as a vessel irrigant before anastomosis and systemically when postoperative thrombo
sis develops. If heparin is used systemically, rare patients may require short-tenn Coumadin treatment. 
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1 00 .  TH U M B  RECON STRUCTION 

Donald R .  Laub ,  J r , M D ,  and Vincent  R Hentz , M . D .  

1 .  What methods are available for thumb reconstruction? 
The available surgical methods are osteoplastic reconstruction, finger poll icization (usually of 

the index finger), and microsurgical toe transfer. Prosthetic replacement is  also a consideration. 

2. I n  the era of microsurgery, why even consider prosthetics? 
The patient may not be a surgical candidate. A prosthesis may lengthen and make useful a short

ened digital stump; i t  also may give a more esthetic appearance to the hand. Even after successful 
hand reconstruction, the patient may request an esthetic prosthesis for "going out on Sunday." 

3. Is the child with a congenitally missing part an "amputee"? 
No. I t  is a mistake to think of a child with congenital hand differences as an amputee. Chi ldren 

with congenital hand anomalies view themselves as normal, and the vast majority function well by 
using their own techniques. They are disabled only in comparison with others. To imagine what i t  
would be  l i ke to  have their deformity, we imagine an  amputation. 

4. Should you fit a prosthesis on a child? 
If the child has a functional pinch, no. The prosthesis wi l l  be more of an encumbrance. Children 

with congenitally absent thumbs usually develop a pinch between the index and long finger. 

5. What is the treatment of choice for aplastic and severely hypoplastic thumbs? 
Poll ic ization of the index finger. 

6. Why not a toe-to-thumb transfer? 
Usually absence of a thumb is part of a more significant longitudinal deficiency with lack of re

cipient structures. Even in cases of hypoplasia, if the child has a functioning pinch between the index 
and m iddle fingers, existing function should be enhanced by poll icization rather than replaced. 

7. How is the index finger pollicized? 
The dig i t  is  shortened by removing almost all of the metacarpal, save the metacarpal head, 

which assumes the function of the trapezium. The finger is  dissected as an is land flap on the flexor 
and extensor tendons,  the two neurovascular pedicles, and dorsal veins and nerves. The finger i s  
pronated 1 40- 1 60° and fixated into the correct axis of  the  thumb. Hyperextension of  the  i ndex 
metacarpophalangeal (MCP) joint is  prevented by fixing the metacarpal head in  palmar rotat ion. 
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8. Why is the metacarpal head palmarly rotated'? 
The MCP joint  of the i ndex finger is a condylar joint that can be hyperextended some 45°,  

whereas the carpometacarpal (CMC) joint of the thumb is a saddle joint that circumducts but resists 
hyperextension. Therefore, to allow the transposed index finger to generate the forceful pinch needed, 
it is fixed with the joint extended to ful l  passive range. The palmar capsule and volar plate then resist 
further hyperextension. 

9. Which muscles of the index finger assume the function of which muscles of the thumb? 
Index finger muscle Thumb muscle 
First dorsal interosseous Abductor poll icis brevis 
First palmar in terosseous Adductor poll icis 
Extensor digitorum to the index Abductor poll ic is longus 
Extensor indicis proprius Extensor poll ic is longus 

3 

A B 

3 

A ,  Pol l ic ization of index finger, with shortening and pronation of the index ray and hyperextension of the MCP 
joint. B,  The index interosseous muscles are used to supply function of thenar muscles. 

10. How is hypoplasia of the thumb classified? 
Blau th described five types of hypoplasia of the thumb: 
Type I 
Type I I  

Type I I IA 

Type IIIB 
Type IV 

Type V 

M inimal shortening or naJTowing 
Na1Tow first web space 
[ntrinsic thenar muscle hypoplasia 
MCP joint instabi lity 
NaJTow first web space 
Intrinsic thenar muscle hypoplasia 
MCP joint instabi l ity 
Extrinsic tendon abnormal ities 
Metacarpal hypoplasia with stable CMC joint 
Same as type I I IA with unstable CMC joint 
Rudimentary phalanges 
Thumb attached by skin bridge 
Aplastic thumb 

1 1 .  When should reconstruction of a hypoplastic thumb be attempted? 
Types I I  and l I IA are candidates for reconstruction. Types I I IB ,  I V, and V are best served by 

index finger pol l icization. 
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12. What techniques can be used for less severe hypoplasia of the thumb? 
• Deepening of the first web space by transposition flaps 
• Stab i lization of the MCP joint 
• Correction of extrinsic tendon abnormalities 
• Opponensplasty, usually with the abductor digiti minimi (Huber technique) 

13. What is osteoplastic reconstruction? 
It is a mul ti stage reconstructive technique that employs bone graft ing or lengthening  os

teotomies, covered w ith skin flaps, on the remaining thumb stump to add length and to provide op
posit ion. No joints are reconstructed. Sensation can be provided in the form of a neurovascular 
is land flap, transferred from a finger (the usual donor is  the ulnar side of the m iddle or r ing) .  Most 
experts beli eve that m icrovascular toe transfer provides a better reconstruction with more s imilar 
t issue and joints for partial amputation of the thumb. 

14. Does loss of the first toe cause gait disturbance? 
Gait studies show shifting of weight distribution away from the fast metatarsal head, but if the 

metatarsal head is preserved, the disturbance in  gait is minimal. 

15. What is the vascular pedicle of the transferred first toe? 
The first dorsal intermetatarsal artery, which arises in most cases from the dorsalis pedis artery 

but occasionally from the deep plantar system. The origin may be determined at the t ime of opera
tion. If the deep system is dominant, a reversed vein graft extension may be needed. The more im
portant question concerns the reci pient b lood vessels  i n  the hand. In  patients with any degree of 
injury to the hand, an arteriogram should be obtained to detem1ine the residual vascular anatomy. 

16. Can parts of toes be used? 
Yes. Neurovascular island flaps can be used to provide innervated pulp to the oppositional sur

faces. This technique is especially useful in the multiply traumatized hand, to which traditional neu
rovascular i s land flap techniques would add further debili ty. There have been reports of transferring 
vascularized joints from the foot to the thumb in severe isolated joint trauma. 

17. When is pollicization preferable to toe transfer for reconstruction of a traumatically am
putated thumb? 

When the metacarpal i s  completely absent. There is  no way to reconstruct an adequate bas i lar 
joint with a toe. 

CONTROVERSY 

18. Which toe is preferred for thumb reconstruction? 
I .  The great toe. In the United States, generally the great toe is preferred because it provides a 

stronger and more stable thumb for a pincer grip. The great toe is more l i ke the thumb in appearance, 
although a bit broader. The transplanted toe atrophies and thins after t ime, and usually the difference 
is apparent only in side-by-side comparison. 

2 .  The second toe. In Asian cultures in which Zori-type sandals are worn, the loss of a first web 
space in the foot is a disab i l i ty; therefore, the second toe is  preferred. Women who wear open-toe 
footwear also may find loss of the great toe d isturbing. In addit ion,  the second toe can provide 
greater metatarsal length for transfer, so in  cases in  which less than one-third of the first metacarpal 
remains, the second toe is preferred. 
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I 0 I .  TH E M UTI LATED HAN D 

J effrey Weinzweig, M D .  and Norman Weinzweig , M . D. 

1 .  What is a mutilated hand? 
A muti lated hand results from a complex injury with composite t issue loss and significant func

t ional compromise (usually impaired prehension) and often requires bone, soft tissue, and m icroneu
rovascular reconstruct ion .  Without surgical intervention, a mut i lated hand remains v i rtua l ly  
functionless. Even with surgical intervention, the hand usually funct ions in an assist fashion. In ad
dit ion to the loss of function, patients often complain of intractable pain and psychological stress. 

2. What is prehension'? 
The functional hand possesses prehension-the abi l i ty to oppose the fingers to grip or grasp. 

According to Tubiana, "prehension i s  a complex function of the hand that gives i t  mechanical preci 
sion combined wi th  a standard sensory pattern." 

3. What are the main objectives in the treatment of a mutilated hand? 
The main goals in  management of a mutilated hand are restoration of form and function. Ideally, the 

injured parts are restored to their pretraumatic state. Although replantation of sharply severed parts may 
approach the ideal from an aesthetic point of view, function rarely can be restored to the preinjury level .  

4.  Outline a treatment plan for the management of mutilating injuries of the hand. 
I .  Init ial assessment must include: 

• Accurate h istory, including age, handedness, occupation, avocat ions, mechanism of injury, 
t ime of injury, general health 

• Physical examination, including evaluation of perfusion, motor and sensory function, cont
amination, severity of tissue damage, and other l ife-threatening injuries 

• Radiographs of the hand and any amputated part 
• Angiography, when indicated 

2. Tetanus prophylaxis 
3 .  Broad-spectrum intravenous ant ibiotics 
4. H igh-pressure jet lavage and aggressive debridement of devital ized tissues (except in elec-

trical burns) 
5 .  Reduction and immobil ization of fractures and dis locations 
6. Revascularization of ischemic t issues 
7.  Immediate or delayed reconstrnction of nerve, tendon, bone, and soft tissue 
8. Early wound closure by skin grafts and/or flaps 
9. Secondary procedures such as poll icization and toe-to-thumb transfer 

I O. Postreconstruction physical rehabil itation (Uninjured or minimal ly injured structures must 
be appropriately spl inted or undergo occupational therapy to avoid sti ffness or instabi l i ty, especial ly 
when other parts of the hand are absent or funct ionless.) 

5. How are mutilating injuries of the hand classified? 
Because mutilated hands assume a myriad of forms, they should be precisely described. The goals 

of a classification system should be ( I )  accurate description of any mutilating injury, (2) user-friendli
ness, (3) progression of injury complexity, and (4) faci l itation of communication between c l inicians. 
Furthermore, a classification system should ideally (5) direct treatment, (6) predict functional outcome, 
and (7) al low derivation of a staging system based on functional outcome. This system should allow the 
examining surgeon to describe accurately and reproducibly any mutilating inju1y of the hand. 

Several classifications of muti lating hand injuries exist in the l i terature; unfortunately, injuries 
are grouped arbitrarily according to the part of the hand predominantly involved. Reid's classi fica
tion groups muti lat ing injuries into six categories: dorsal injuries, palma.r injuries, radial hemiampu
tations, ulnar hemiamputations, distal amputations, and degloving injuries. The modified Pulvertaft 
classification groups muti lat ing injuries into five categories: radia l ,  ulnar, central ,  transverse, and 
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other. Wei 's c lassification groups muti lating injuries into two categorie : type I (a l l  fingers are am
putated proximal to the proximal interphalangeal joint but the thumb is intact) and pe II (at least 3 
fingers are amputated proximal to the proximal interphalangeal joint, and the thumb is amputated 
proximal to the interphalangeal joint so that opposition is impossible). 

6. What is the "tic-tac-toe" classification system for mutilating injuries of the hand? 
A devascularized hand with radial hemiamputation and ulnar degloving cannot be accurately de

scribed by any of the c lassifications discussed above. Because a muti lated hand may have sustained 
several different types of complex injuries, a comprehensive classification must incor rate the degree 
and precise location of soft t issue and/or bony destruction and vascular integrity, in addition to the pre
dominantly involved part of the hand. Recently we devised a classification system for muti lating in
juries of the hand that categorizes them into seven types and three subtypes with sub cript notation to 
indicate vascular status: 

TIC-TAC-TOE CLASSIFICATION SYSTEM 

Injury types 
I. Dorsal mut i lation 

I I .  Palmar mutilation 
I l l .  Ulnar mut i lation 
IV. Radial muti lation 
Y. Transverse amputation 

VI. Degloving injury 
VII. Combined injury 

Injury subtypes 
A. Soft tissue loss 
8. Bony loss 
C. Combined tissue loss 

Vascular status (subscript) 
0. Vasculari ty intact 
I .  Devascularization 

The hand is then systematical ly divided into nine numerical zones in t ic-tac-toe fashion with 
radial, central, and ulnar columns and proximal, central, and distal row). The "tic-tac-toe" classifica
tion system allows the examining surgeon to describe precisely any mutilating injury of the hand. It 
perm its accurate assessment of each hand injury by assignment of the appropriate c lass ification 
type, subtype, vascular status, and zone involvement in a user-friendly and practical fashion. 
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7. What are dorsal mutilation injuries (type I)? 
Dorsal muti lation injuries involve the dorsal skin, extensor tendons, and bones. The tact i le sur

face (pal mar skin) of the hand is preserved. Vascularization is intact. Type I injuries are usual ly the 
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least severe of the mut ilating injuries but often require soft t issue coverage of the dorsum of the hand 
and immediate or staged extensor tendon repairs and/or reconstructions. The most common mecha
nism is crush-avulsion, in which the loose, mobile dorsal soft t issue is avulsed along with the exten
sor tendons. Occasionally, bony injury may be associated with a crush component. In both cases, 
volar tissues such as the flexor tendons, neurovascular structures, and tac t i le soft t issue, are pre
served, thus minimizing functional losses. Functional outcome is relatively favorable and directly re
lated to the extent of bony injury and the need for prolonged immobi l izat ion. 

8. What are pal mar mutilation injuries ( type II )'? 
Palmar muti lation injuries involve the palmar skin (tact i le surface), flexor tendons, and bones. 

They often involve the radial and ulnar arteries, deep and superficial palmar arches, and common 
and proper digital arteries w ith possible devascularization of one or more fingers. The median and 
ulnar nerves and common and proper digital nerves also may be involved. Type Il injuries are gener
ally more severe and complex than dorsal injuries. They disrupt the tacti le surface of the hand, often 
necessitating resurfacing w ith regional or distant flaps. In addition, they may require open or closed 
reduction and internal fixation of fractures and/or flexor tendon repair with or without staged recon
struction. Neurovascular compromise to one or more fingers is occasionally seen. 

9. What are ulnar mutilation injuries ( type III )'? 
Ulnar muti lation injuries involve loss of the ulnar digits, destruct ion of the u lnar column (pha

langes, metacarpals and/or carpus), and interference with grasp or power grip mechanisms. Type I l l  
injuries involve bone, tendon, soft tissue, and neurovascular structures along the ulnar aspect o f  the 
hand, result ing in significant functional disabi l ity due to interference with grip mechanisms. An ob
jective of reconstructive surgery is to maintain the breadth of the hand. 

1 0. What are radial mutilation injuries ( type IV )'? 
Rad ia l  mut i la t ion i njuries involve loss of the thumb, destruct ion of the radia l  column,  and 

loss of  oppos i t ion or  pinch mechanisms.  Type IV injuries are serious and may involve total or 
subtotal loss of the thumb and thenar musculature. Without restoration, they resu l t  in severe dis
abi l i ty w i th loss of  50% or more of total hand funct ion .  Damage to the remainder of  the hand 
plays a role in  the choice of reconstruct ive options, such as pol l i c izat ion of  the index finger or 
remnants of  other i njured fingers, osteoplasty, or toe-to-thumb trans fe r. When rep lantat i on or 
revascu larization i s  successful ,  functional results are genera l ly  good, depending on the status of 
the remainder of  the hand. 

1 1 . What are transverse amputations ( type V)?  
Transverse amputations resul t  in  loss of the hand or d igi ts  at d i fferent levels wi th correspond

ing funct ional losses. Restoration of functional pinch depends on the level of loss .  Amputations 
distal to the metacarpophalangeal ( MCP) joint level may resul t  in  a phalangeal hand, whereas am
putations proximal to the MCP joint level may resul t  in  a metacarpal hand (see below). Complete 
hand amputat ion a lso may occur. Type V injuries occur at or proximal to the MCP joint of the fin
gers and involve at least three fingers, wi th poss ible involvement of the thumb. They often resul t  
i n  s ignificant funct ional losses,  depending on the success of replantation or revascu larizat ion of 
the amputated parr (s ) ,  inc l uding the fi ngers as a metacarpal uni t  and poss ib ly the thumb. 
Involvement of the thumb acids the component of radial mut i lation to the equation, making this a 
combined injury (type VII ,  see below).  

S uccessful rep lantation and revascularization at the transmetacarpal level general ly resul t  in 
fair-to-poor functional resul ts ,  even with gui l lotine-type amputat ions. The main reason i s  probably 
ischemic insult to the interosseous and lumbrical muscles as a result of direct muscle injury or inter
ruption of the del icate blood supply to these t iny muscles. The zone of injury is often extensive, with 
destruc t ion of  the intrinsic muscles, flexor and extensor tendons, MCP joints,  and neurovascu lar 
structures. Mult ip le reconstructive procedures are required in staged fashion. B i lateral mut i lat ions 
present a special c ircumstance with respect to functional outcome. 

Complete hand replantations have a better prognos is than transmetacarpal replantations. The 
flexor tendons are injured in  zone 5 ,  and the intrinsic muscles of the hand are spared. 
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12. What is a metacarpal hand? 
A metacarpal hand is a hand that has lost its prehensile ability due to amputation of all fingers with 

or without amputation of the thumb. Functional restoration can be achieved by various microvascular 
toe transfer techniques. The choice of procedure depends on the level of amputati n of the fingers 
and the functional status of the thumb. Based on their extensive experience with metacarpal hands 
reconstructed w ith toe-to-hand transfers, Wei et al. described a classification system that served as a 
guide to their treatment phi losophy. They identified two major types of metacarpal hand based on 
whether the thumb is injured. 

13. What is the Krukenberg procedure? 
Original ly described by Krukenberg in 1 9 1 7 ,  this operation was mainly used i n  Germany 

during World War I .  The forearm is fashioned into an active pincer with the arms covered by inner
vated sensate soft tissue. It is  indicated in cases of congenital or traumatic amputations of the hand. 
In uni lateral amputations, a prosthesis is  preferred except in patients whose occupation demands 
sensibi l i ty of both upper l imbs. However, when both hands have been amputated, the Krukenberg 
operation is c i ted as the best approach, performed e ither bi lateral ly or unilaterally with a prosthesis 
on the other side. It helps b i lateral amputees to regain total independence. A sensate pincer i s  espe
cially necessary in bl ind patients. This operation is particularly indicated when both hands and both 
eyes have been damaged. 

14. What are degloving injuries (type VI)? 
Degloving injuries involve c ircumferential loss of innervated skin and tact i le surface(s) of  the 

hand. They are often associated with nerve, vessel ,  or tendon avulsion. Degloving injuries are seri
ous injuries usual ly  caused by avulsion of soft t issue by a rol ler-type mechanism. No local inner
vated sk in is avai lable to resurface important tact i le areas of the hand. Soft t i ssue coverage 
occasionally can be achieved by harvesting a skin graft from the degloved part. Often. a groin flap or 
emergency free flap is required. Reconstruction is especially difficult for simultane us prov ision of 
skin on both aspects of the hand. 

1 5. What are combination injuries (type VII)? 
Type VII injuries usual ly  involve a combination of types I-VI as well as other injuries that do 

not fit the more rigid definit ions of injury types. Type V]] injuries are usuall y  the m t severe, often 
caused by extreme forces such as punch presses and thermal or electrical bums. 

16. What is an emergency free flap? 
Based on Godina's work with early microsurgical reconstruction of complex tra ma to the l imb, 

Lister and Scheker defined the emergency free flap as one performed after primary debridement or 
wi th in 24 hours of surgery, and reported a success rate of 93.5% (29/3 l flaps). More recent ly, 
N inkovic et al .  reported thei r  experience in 29 patients who underwent 27 emergency free flaps and 
3 emergency toe-to-hand transfers without flap fai lure, infections, or wound-healing complications. 
Long-tenn follow-up demonstrates successful functional and aesthetic resul ts with reduced rates of 
free flap fai lure,  postoperative infection, and secondary operative procedures as wel l  as reduced hos
pital stay and medical costs. 

17. What is spare parts surgery? 
Amputated parts that are not suitable for replantation can be salvaged for use as ossible donors, 

such as p l iable dorsal skin for coverage, nail bed for spl i t- or ful l-th ickness nai lbed grafts, tendons 
for i nterpolated grafts, pul ley reconstruction, or soft tissue arthroplasty, nerve grafts from nonre
plantable digits, or bone grafts to bridge bony defects. Mutilating injuries usual ly demonstrate dev
astating involvement of bone and soft tissue structures; one has to carefu l ly examine the remaining 
extremity and amputated parts in an attempt to maximize function. Every amputated part should be 
considered a possible spare part before it is  discarded. 

18. What is ectopic parts surgery? 
Ectopic parts surgery involves transfer of an amputated part to a different location where it may 

serve a more useful function. Short stumps of fingers ( index, middle, or ring) with L i ttle function can 
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often be  poll icized to provide a useful and sensate thumb reconstruction. In addit ion, an  amputated 
part may be banked ectopically in  a more favorable location unt i l  the s i te from which it came i s  
ready for anatomic replantation. 

19. When is amputation indicated? 
Real ist ic assessment of potential function may indicate that the revascu larized part wi l l  be in

sensate, painfu l ,  immobile, or nonfunctional with possible decreased function of the adjacent nonnal 
digits. Amputation is not fai lure; instead, i t  often serves a patient better than mult ip le complex oper
ations that restore l i tt le function. 

20. What is the role of prostheses in the management of the mutilated hand? 
Cable-operated or myeloelectric prostheses help to restore useful function to an otherwise func

tionless hand. 
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1 02 .  P E RI PH ERAL N E RVE I NJ U RI ES 

Ranul  K .  Na th ,  M . D . ,  and Susan E .  Mackinnon ,  M . D .  

1 .  Describe the functional anatomy of peripheral nerves. 
Peripheral nerves are basically composed of four components: 
1 .  Neurons, the primary functional units of peripheral nerve, are composed of cell bodies and 

axons. The cell bodies of motor axons are found in the anterior horn area of the spinal cord, and sen
sory cell bodies are found in the dorsal root gangl ia of the spinal cord. 

2 .  Connective tissues of the nerve are arranged in three layer : endoneurial connective tissue, 
which i s  found around individual axons; perineurial t issue, which surrounds fascic les; and epineurial 
t issue, which runs between fascicles and around the outside of the nerve and con t i tutes the main 
support structure of the nerve itse lf. 

3. Schwann cells supply myel in  for efficient electrical nerve conduct ion.  I n  addit ion,  they 
appear to influence maturation and rest ing metabol ism of axons. 

4.  End-organs, including the motor end plates, sensory receptors, and autonom ic receptors, 
transduce electrical activity into function. 

Motor recovery appears to become refractory to reinnervation after about I year of denervation. 
Sensory recovery has been described up to 20 years after in i t ial denervat ion. Autonomic function 
after denervation has not been well-studied. 

2. How are nerve injures classified? What is the clinical importance of classification? 
Seddon's original class i fication, proposed in 1 943, described three types of nerve injury: 
I .  Neurapraxia involves a local conduction block at a discrete area along tbe course of  the 

nerve; subsequent wallerian degeneration does not occur. 
2. Axonal damage is the basis  of axonotmesis; wallerian degeneration occurs d istal to the site 

of injury. 
3. Transection of a peripheral nerve constitutes neurotmesis. 
Sunderland expanded Seddon's classification with grades of nerve injury from l-Y. Mackinnon 

described a mixed injury that she cal led a grade VI injury. The Sunderland c lassification describes 
injury to peripheral nerves in relation to axon and connective t i ssue anatomy. Cl i11ical prognosis is 
proport ional to the level of injury. 

DEGREE OF 
INJURY 

L Neurapraxia 

1 1 .  Axonotmes is 

m. 
IV Neuroma 

in cont inuity 

Y. Neurotmesis 

YI. Combination 
of grades 1-V 
and normal 

TtNEL SIGN/ 
PROGRESSES 

DISTALLY 

No Tine! sign 

+/+ 

+/+ 

+/-

+/-

Classification of Nerve Injury 

RECOVERY RATE OF SURGICAL 
PATTERN RECOVERY PROCEDURE 

Complete Fast (days to l 2  wk) None 

Complete Slow ( I  in/mo) None 

Great variation* S low ( l  in/mo) None or neurolysist 

None No recovery Nerve repair or nerve 
graft 

None No recovery Nerve repair or nerve 
graft 

Varies by fascicle, Varies by fascicle Varies by fascicle 
depending on 

Varies by fascicle 

injury 

* Recovery is al leas! as good as nerve repair bu! varies from excellent to poor, depending n 1he degree of en
doneurial scarring and the amount of sensory and molor axonal misdirection within the injured fascicle. 

t If i nj u ry local izes at a k nown ana1omic site of nerve compression, nerve decompres ion may enhance 
recovery. 
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3. What is meant by wallerian degeneration? 
The distal segment in a complete nerve injury undergoes a series of degenerative changes col

lectively known as wallerian degeneration. l n  1 850 Waller described the gross changes of  turbidity 
or coagulation seen even at the distalmost encl of the neural tube after nerve transect ion.  Th is  
ground-glass appearance represents the remnants of degenerated mye l in  and axonal material after 
loss of axonal continuity. The initial breakdown products of the axon and myelin are phagocytosed 
by macrophages and Schwann cells . Eventually, the space originally occupied by myel inatecl axons 
is fil led with columns of Schwann cell nuclei and their basement membranes. 

4. What are the bands of Biingner? 
The col lapsed columns of Schwann cells fi l l ing the distal segment of a complete nerve injury 

have a characteristic bandlike appearance under electron microscopy; these columns are known as 
the bands of Bungner. 

S. Does the number of nerve fibers in the distal nerve stump equal the number of proximal 
stump axons successfully crossing the repair or graft site? 

No. Axons affected by a complete injury develop numerous growth cones or sprouts from each 
injured axon that attempt to connect with the distal stump. Therefore, each injured proximal axon is 
responsible for the production of numerous distal growth cones that by electron microscopy resem
ble smal l normal axons surrounded by an intact or fragmentary basal membrane. 

6. Do regenerating axonal growth cones grow through the Ju mens of the original endoneurial 
tubes vacated by distal axons during wallerian degeneration? 

Sometimes. Jn Sunderland grade I I  injuries, which are characterized by axonal discontinuity in 
the presence of endoneurial integrity, regenerat ion occurs through the original endoneurial tubes to 
the target organ. Thus grade LI injuries have excellent outcomes. In grade I I I  and higher injuries, in 
which endoneurial disruption is  accompanied by axonal discont inuity, growth cones preferentially 
attach to molecules such as laminin and extend along basal laminar t issue. Because Schwann cells 
within the bands of B ungner are associated with large amounts of basal lamina, growth cones tend to 
advance along these structures rather than through the lumens of the col lapsed col l agen-based en
doneurial tubes. 

The affinity that growth cones exhibit for Schwann cell basal lamina has suggested the use of ar
tificial sources of basal lamina as scaffolding for nerve regeneration. Experiments with freeze-dried 
skeletal muscle grafts (a rich source of basal lamina) have been part ia l ly  successfu l  in al lowing 
nerve regeneration across short nerve defects. 

7. What is Tinel's sign? 
Percussion over the s i te of a nerve injury or nerve repair el icits a t ingl ing or electric shock l ike 

sensation in the distribution of the injured nerve. This sensation represents the leading edge of nerve 
regeneration. An advancing Tine! 's sign after nerve repair impl ies successful nerve regenerat ion 
toward the target organ. A Tinel 's  sign that does not advance with time may be due to extraepineurial 
growth cones that have become misdirected outside the epineurial boundary at the level of the nerve 
repair. A lthough sensory in nature, Tine! 's sign is also found in regenerating motor nerve, probably 
because of the presence of proprioceptive afferent fibers w ithin all motor nerves. 

8. How fast do nerves regenerate? 
As a general rule, regenerating nerves advance at the rate of about I mm/day or I inch/month. 

However, several c l in ical studies based on advancing Tine! 's sign after nerve repair have given a rate 
of recovery up to 2 mm/day. 

9. If nerves regenerate at the rate of 1 inch/month and the hand is about 30 inches from the 
axilla, does this mean that a complete ulnar nerve injury at the level of the axil la will  take 21/2 
years to restore sensibility to the ulnar two fingers in the hand? 

Yes. The time course of nerve regeneration is relatively predictable, based on the distance from 
the most prox imal extent of injury to the end-organ supplied by the nerve. 
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10. In  the same situation as question 9, will the ulnar-innervated hand intrinsic muscles regain 
function 2112 years after injury"? 

No. Like most voluntary skeletal 111uscle that becomes denervated and unl ike s n ory receptors, 
the intrinsic muscles of the hand become functionally refractory to reinnervation after a finite period. 
The absolu te time is not known, but with muscle reinnervation the sooner the reconstruction the 
better. In closed injury, reconstruction should be performed 3 111onths after injury if recovery is not 
forthcoming. With open nerve injuries, repair should be performed as soon as c l i n ical l y  feasible. 
I ntrinsic muscles in  the hand do not regain function after an injury in the ax i l ia because the pro
longed denervation t ime precludes recovery of motor function. 

1 1 .  Do all proximal motor nerve injuries result in permanent loss of function? 
No. Excellent recovery i s  possible across long distances under certain c ircumstances. Early pri

mary repair of sharp transections that maintain 111otor and sensory topography by excel lent coapta
t ion along anatomic landmarks on the epineuriu111 results in good recovery of fun tion. S imi larly, 
because of enhanced nerve regenerative capacity and possibly greater central plasticity, nerve repairs 
in chi ldren tend to have good outcomes even with long nerve grafts. Protective sens ib i l i ty and im
proved muscle function are possible after long nerve grafts when meticulous mjcrotechnique is used 
and sensory/motor topography is correct. 

12. What are nerve transfers? How are they designed? 
It is possible to provide motor inflow to motor nerves close to the target muscle by using motor 

nerve donors; this i s  the concept of nerve transfer. Nerve transfers are designed b selecting donor 
nerves that supply nonessential muscles or muscles with redundant fiber innervati n and that hope
ful ly are synergist ic with the recipient nerve. An example is transfer of the medial pectoral nerve 
branches to the musculocutaneous nerve for biceps recovery; many other transfer are possible for 
both motor and sensory reconstruction. 

13. How long should you wait before operating on nerve injuries? 
In general, nerve injuries associated with open wounds require immediate exploration. The classic 

case i s  a sharp laceration causing nerve injury that can be repaired primarily. However, one exception 
to this general rule is a gunshot wound, which, although open, causes injury by indirect heat and shock 
effects. Such injuries more closely resemble closed or blunt trauma, which initially should be managed 
expectantly. In closed or blunt injury, the cl inical course is watched closely. If complete recovery is not 
present within 6 weeks, nerve conduction and electromyograph ic studies are obtained for basel ine 
evaluation. The c l inical course is followed for about 1 2  weeks, and repeat electrical studies are ob
tained. An improving cl inical course at 1 2  weeks or electrical evidence of reinnervation suggests con
tinuation of conservative therapy. Failure to progress clinically and electrically suggests that operative 
intervention with intraoperative electrical testing is indicated. The exact surgical procedure varies from 
neurolysis to nerve grafting or nerve transfer, depending on the grade of the injury and the d istance of 
the injury from the end-organ. 

14. What is the best way to treat peripheral nerve injuries resulting in segmental loss of continuity? 
Many different solutions have been proposed for the problem of nerve gaps. However, the use of 

autogenous nerve grafts harvested from appropriate donor s i tes is the gold standard for reconstruc
tion of nerve defects. Experimental evidence suggests that vein grafts and artificial conduits can suc
cessfu l ly  bridge cutaneous nerve defects up to 3 cm in length; longer gaps are not effectively 
reconstructed with vein or other conduits. Nerve grafts can restore function after reconstruction of  
defects even longer than 15  cm.  However, the success rate of nerve graft ing i s  inversely proportional 
to the length of graft required. In massive loss of nerve segments, transplanted nerves can be used 
for graft i ng.  This  technique i s  especial ly useful in  chi ldren, in  whom the amount of  autogenous 
nerve available for grafting may be l imited. Harvested donor nerves are preserved in  cold Univers i ty 
of Wisconsin solution for 7 days before transplantation to reduce antigenici ty. Recipients and donors 
must be blood-type compatible, but HLA compat ibi l ity is not necessary. lmmuno uppression with 
steroids and cyclosporin A i s  required unti l  there i s  evidence of regeneration across the graft into 
native d istal nerve, at which point immunosuppression is stopped. Cl in ical succes with th is  man
agement in a small series of patients has been good. 
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15. What is the  best method for surgical nerve repair? 
Surgical repair of nerve injuries is  best performed with a few interrupted 9-0 or 1 0-0 Nylon 

st i tches through the epineurium. Other techniques, including fibrin glue and l aser energy for 
epineurial coaptation, have been investigated. However, fibrin glue carries a risk of transmission of 
bloodborne diseases, and lasers produce heat that damages neural tissue and also resul ts in unaccept
ably decreased tensi le  strength at the repai r  site. The gold standard remains microsuture appl ied 
under microscope control .  Attempts at fasc icu lar and grouped fasc icular repair have shown no ad
vantage over simple epineurial repair. 

16. Which nerves innervate the hand? 
The median, ulnar, and radial nerves. 

17. Describe clinical tests for nerve function in the hand. 
A simple and comprehensive way to diagnose nerve injuries in the upper extremity is to test three 

functions of each nerve: extrinsic motor function, intrinsic motor function, and sensib i l ity in au
tonomous areas. 

FUNCTION 

Extrinsic motor 

Intrinsic motor 

Sensory 

Clinical Tests for Nerve Function 

RADIAL NERVE 

Wrist extension 

None 

Dorsal first web space 

MEDIAN NERVE 

Profundus index finger 

Abductor pol l icis brevis  

Pulp of index finger 

ULNAR NERVE 

Profundus sma l l  finger 

First dorsal interosseous 

Pulp of smal l finger 

18. What is a Martin-Gruber anastomosis? Why is it important in nerve injury of the hand? 
Ten to twenty percent of patients have an anatomic connection between the median and ulnar 

nerves high in the forearm. In 60% of these connections median nerve fibers travel to the ulnar nerve 
to innervate "median" muscles in the hand. About 35% send median nerve fibers to the ulnar nerve 
to innervate "ulnar" muscles in the hand. Five percent of Martin-Gruber anastomoses involve ulnar 
nerve fibers that go to the median nerve. Martin-Gruber anastomoses are important in understanding 
certain cl inical patterns in h igh injury to the ulnar nerve. For example, a complete injury to the ulnar 
nerve, i f  it occurs above a Mart in-Gruber anastomosis, may present wi th numbness in the ulnar 
nerve distribution of the hand but intact function of hand intrinsic muscles. 

19. What is the difference between neurotropism and neurotrophism? 
Neurotropism refers to the selective guidance of nerve regeneration toward target organs by 

hypothetical factors produced by the target itself. The impl ication is that muscle and sensory targets 
are able to promote differential functional regeneration of nerves after a period of denervation. No 
strong experimental ev idence supports the concept of motor/sensory specific i ty. However, t issue 
specificity does exist ( i .e., nerve-to-nerve connections preferentially occur vs. nerve to other tissue), 
and fascicular specificity is also l ikely. 

Neurotrophism defines influences that promote maturation and nutrition of regenerating axons. 
Many growth factors, extracel lu lar matrix components, and hormones are important to successful 
nerve regenerat ion. 

CO NTROV ERSY 

20. Can you deliver functional axons to an injured nerve by suturing it to the side of an unin
jured nerve ( i.e., an end-to-side nerve repair)? 

Sometimes. Animal experiments indicate that some fibers will grow from an intact nerve into 
another nerve end sutured to the side of the uninjured donor nerve. Retrograde staining for sensory 
fibers has indeed shown small amounts of stain uptake at the level of the dorsal root ganglion of the 
intact nerve. The functional importance of this finding is unknown, but probably i t  does not have 
great signi ficance. When retrograde tracers are used in motor nerves with end-to side repair, no evi
dence of tracer at the level of the anterior horn cells has been found. Therefore, provision of motor 
function with this approach cannot be expected. Nevertheless, there is a growing interest in  end-to
side nerve repair because of its theoretical usefulness in high nerve injuries. 
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1 03 .  N E RV E  COM PRESSI O N  SYN D ROMES 

A Lee Dellon ,  M . D . 

1 .  Name the peripheral nerve compressed in carpal tunnel syndrome, cubital tunnel syn
drome, radial tunnel syndrome, supinator syndrome, pronator syndrome, and Guyon 's canal 
syndrome. 

The median nerve i s  compressed in the carpal tunne l .  The more proximal median nerve com
pression syndromes are called e i ther anterior interosseous nerve syndrome (associated with weak
ness in the flexor pol l ic i s  l ongus and profundus to the index and m iddle finger) or pronator 
syndrome (associated with l ittle motor involvement but numbness in  the median-innervated fingers). 
The ulnar nerve i s  compressed at the wrist in Guyon's canal (the ulnar tunnel) and in the postcondy
lar groove at the elbow (cubital tunnel syndrome). Proximal u lnar nerve compression is associated 
w ith numbness over the u lnar dorsum of the hand and weakness of the profundus to the l it t le finger 
and the u lnar wrist flexor. The ent ire rad ial nerve is compressed in the rad ial tunnel syndrome, 
whereas i ts  motor branch i s  compressed beneath the supinator muscle and its sensory branch i s  com
pressed beneath the fascia  in  the distal third of the forearm. 

2. Name the peripheral  nerve compressed in tarsal tunnel syndrome, fibular tunnel  syn
drome, and anterior tarsal tunnel syndrome. 

The common peroneal nerve, a branch of the sciatic nerve, can be compressed beneath the per
oneal longus muscle at the fibular head. The deep peroneal nerve is compressed in the anterior tarsal 
tunnel syndrome beneath the inferior extensor ret inaculum. The posterior tibial nerve is compressed 
beneath the flexor retinaculum in the tarsal tunnel, whereas the medial and lateral plantar and cal
caneal nerves have their own separate tunnels immediately distal to the tarsal tunne l .  

3.  Name the  peripheral nerve compressed in thoracic outlet syndrome. 
There is no nerve in the thoracic outlet. The thoracic outlet i s  the diaphragm. The thoracic in let 

contains the brachia! plexus, wh ich may become compressed beneath or between the scalene mus
cles or between congenital anomalies that are related to the clavicle, first r ib,  sub ]av ian artery and 
vein, pleural fascia, or a cervical rib. 

4. What area of sensibil ity is abnormal with pronator syndrome but not with carpal tunnel 
syndrome? 

The thenar eminence. I t  i s  innervated by the palmar cutaneous branch of the med ian nerve, 
which arises about 5-7 cm proximal to the wrist. 
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5. What chronic nerve compression occurs between the metatarsal heads? 
Morton 's neuroma. Morton, who described the symptom complex related to this anatomic area in 

1 875, believed that there was a true injury to the nerve. Histopathology clearly demonstrates that this 
swell ing in the common plantar digital nerve is due to chronic compression. Perhaps the treatment of 
Morton's neuroma wi l l  change from excision of the nerve to division of  the intermetatarsal l igament. 

6. What nerve compressions cause symptoms related to sleep? 
1 .  Carpal tunnel syndrome causes the patient to awaken from sleep because the flexor muscle 

group, which i s  stronger than the extensor group, brings the wrist into flex ion, placing pressure on 
the median nerve. N ight awakening is almost always part of the h istory, unless the patient is an ex
tremely heavy sleeper and awakens with the whole hand feel ing numb. 

2. Tarsal tunnel syndrome causes the patient to have trouble fal l ing asleep. Typically  the arch 
or metatarsal head region (the ball of the foot) or the toes wi l l  t ingle or burn because the fluid that has 
bui l t  up during the day's activities causes a relative increase in  pressure on the posterior t ibial nerve. 

3. Ulnar nerve compression in the cubital tunnel worsens when the patient sleeps with the el
bow flexed and may contribute to the whole hand complaints that the patient experiences by morning. 

7. What nerve compression causes pain? 
Usually chronic nerve compression does not cause pain. Pain is due to acute nerve compression and 

is a sign that the nerve is dying. Acute compression may become superimposed on chronic compression. 

8. What nerve compression causes weakness and clumsiness? 
Ulnar nerve compression at the elbow. Carpal tunnel syndrome does not cause weakness, even 

of pinch, unti l  the compression is severe and associated with thenar muscle atrophy. Carpal tunnel 
syndrome i s  not associated with c lumsy dropping of objects unt i l  i t i s  so severe that no two-point 
discrimination remains. 

9. What nerve compression gives the feeling that the leg is "giving out"? 
Compression of the common peroneal nerve at the fibular head. The muscles innervated by this 

nerve control ankle extension and eversion, and weakness of these muscles creates the sensation of 
loss of control of the foot. 

10. What common injury antedates a common peroneal nerve compression? 
An inversion sprain of the ankle. Because the common peroneal nerve innervates the muscles at 

the fibular head, the nerve i s  relatively fixed in this location. With an inversion sprain, the peroneal 
branches that cross the ankle are stretched, causing the proximal stretch/traction injury. 

1 1 . What are the symptoms of compression of the lateral femoral cutaneous nerve? 
Numbness over the anterolateral thigh and buttock i s  the most common. Knee aching or pain 

and h ip pain are also common complaints. 

12. What common incidents may antedate development of meralgia paresthetica'? 
Motor vehicle injury when a seat belt i s  worn, harvest of an i l iac crest bone graft, wearing a 

g i rdle, di abetes, and lower abdominal surgeries, inc luding hernia repair and hysterectomy, may 
cause compression of the lateral femoral cutaneous nerve. I n  about one-third of cadavers, this nerve 
crosses from within the pelvis to the thigh by going through, not under, the ingu inal l igament, and in 
about 4% of cadavers a branch crosses superficial to the i l iac crest. 

13. What is Tinel 's sign'? 
Jules Tine! was a prisoner during World War l . Kaplan's translation of Tine! 's French paper ap

pears in  Spinner's book about peripheral nerve injury. Tinel 's "tingl ing" or "buzzing" sign was noted 
to be present when the s i te of nerve injury was tapped with the examiner's finger. In prisoners i n  
whom nerve function was regained, tapping along the course o f  the nerve produced a t ingl ing s i te 
that travel led d istal ly. A positive Tine! sign, therefore, is tradi tionally a sign of neural regenerat ion. 
When Phalen popularized the carpal tunnel syndrome, he described a posi t ive Tine! s ign over the 
median nerve at the wrist. Tine l 's sign has become almost synonymous with a tingl ing that radiates 
distally along the distribution of a nerve at the site at which the nerve is compressed. 
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14. Is Tinel's sign always positive in patients with nerve compression? 
Nerve compression induces pathophysiologic changes that ult imately cause axonal degenera

tion. Early in  the course of nerve compression, when ischemia is localized, the Tinel sign is negative. 
I t  also may be negative late in  the course of nerve compression, when axons have died and no further 
regeneration is OCCUITing. 

1 5. What is the value of provocative tests in the diagnosis of nerve compression? 
The symptoms of numbness and tingl ing are produced by ischemia. If the nerve is put under in

creased pressure by certain physical examination maneuvers, symptoms may be el ic i ted. 

16. Describe the provocative tests for compression of the median, ulnar, and radial nerves. 
Phalen described wrist flexion as the provocative s ign for median nerve compression at the 

wrist. McMurty described pressure over the median nerve in d1e proximal forean11 for the pronator 
syndrome. Resisted forearm pronat ion, resisted elbow flexion, and resisted middle or ring finger su
perficial is function also may el ic i t  symptoms of pronator syndrome. Wartenberg described hyper
pronation of the forearm to e l ic i t  the dorsoradia l  burning characterist ic of radial  sensory 
compression. Elbow flexion causes ulnar nerve compression in  the cubital tunnel. 

1 7. How do you distinguish de Quervain's tenosynovitis from radial sensory nerve compression? 
The Finkelstein test (pain with u lnar deviat ion of the wrist when the thumb is adducted and 

flexed) is  positive for both condi tions. Pain with resisted thumb extension and abduction, when the 
wrist is motion less, is  present with tendin i t is  of the first dorsal extensor compartment but absent 
wi th nerve compression .  Tenderness over the radial styloid is  also present wi th tendin i t is  but not 
with nerve compression. Decreased sensation to touch and a positive Tine l 's s ign are present with 
nerve compression but not with tendinit is .  

18. How do you distinguish tennis elbow from radial tunnel syndrome? 
Tennis elbow is due to inflammation of the extensors of the wrist and the fingers at their origin 

from the lateral humeral epicondyle. Swel l ing and tenderness are found at the site of in flammation. 
Pain with resisted radial wrist extension or resisted extension of al l  fingers sugge ts tennis elbow. 
Tenderness to palpation about I cm anterior or volar to the lateral humeral condyle suggests radial 
nerve compression. The radial nerve may become compressed by the fibrous edge of the extensor 
carpi radial is, which inserts into the base of the third metacarpal. Pain refened to the elbow region 
with resisted middle finger extension is a sign of radial tunnel syndrome. 

19. What are the earliest physical findings of nerve compression? 
Patients with revers ible ischemic changes have symptoms without s igns. The earl iest signs of 

nerve compression are related to the larger-diameter nerve fibers. Compression decreases oxygen 
tension, and the larger-diameter fibers, which are related to motor function and perception of 
touch/v ibration, are affected before the smaller-diameter fibers, which are related to perception of 
temperature and pain .  Therefore, manual muscle test i ng detects weakness, or the muscle can be 
measured for pinch and grasp. Testing of the touch fibers detects sensory change . The qual i tatively 
altered perception of v ibration stimulated with a tuning fork is the earliest and easiest sign to detect. 
Quantitation of cutaneous v ibratory threshold or cutaneous pressure threshold changes gives the best 
documentation (quantitative sensory testing). 

20. What physical findings correlate with advanced nerve compression? 
With sufficient duration even a smal l  degree of pressure results in nerve compression that may 

manifest with axonal loss. For motor fibers, axonal loss results in atrophy or wasting of the appropriate 
muscles. For sen ory fibers, it results in a decrease and ultimately a loss of two-poim discrimination. 

2 1 .  With computer-assisted quantitative sensory testing of pressure threshold, what is the 
first measurable change in chronic nerve compression? 

The pressure required to discriminate one-point static from two-point static touch. 

22. What are the earliest signs of recovery from decompression of a peripheral nerve'? 
The relief of numbness and tingling often occurs first, but in patients with axo al loss, degenera

tion may be accompanied by the pain of neural regeneration. Quantitative sensory testing documents 
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recovery i n  the fol lowing order: recovery of perception o f  low-frequency v ibration before higher
frequency vibration ( i t  is  easier to reinnervate the Meissner corpuscles than the Pacinian corpuscles) 
and recovery of  moving two-point discrimination before static two-point discrimination (it is  easier 
to reinnervate the Meissner corpuscles than the Merkel-cel l  neurite complexes). With computer-as
sisted sensory testing, the order of recovery is ( I )  one-point moving touch, (2) one-point static touch, 
(3) moving two-point discrimination, and (4) static two-point discrimination. Muscle strength recov
ers at a variable rate, determined by the distance of the muscle from the site of compression and the 
amount of weakness and degree of rehabil itation. Muscle wasting may never recover. 

23. What is electrodiagnostic testing'? 
The function of the peripheral nerve can be tested electrically. Such testing is traditionally done by 

neurologists or physiatrists, but sometimes is done by therapists. The peripheral nerve is electrically 
stimulated, usually tTanscutaneously, and the reading is recorded al a different site. By such techniques 
the conduction veloci ty, latency, and amplitude can be determined. For muscles, electromyography 
can be done, usually with a percutaneous needle. Denervation of the muscle can be detected. 

24. Do patients l ike electrodiagnostic testing? 
No. I t  is invasive. It is painful .  It is expensive ($500- 1 500). Most patients wil l  not have i t  repeated. 

25. What does an abnormal latency or amplitude mean? 
The conduct ion velocity of the peripheral nerve is related to the thickness of  the axon and 

myelin. Tradit ional electrodiagnostic testing evaluates only the large-diameter fibers and thus cannot 
detect problems with nerves transmitting information about temperature or pain perception. A de
crease in latency or conduction velocity means that the myelination is decreased or thin.  This is  the 
first change associated with chronic nerve compression. The ampl itude is related to the number of 
nerve fibers present. A decrease in amplitude means a loss of nerve fibers. 

26. If electrodiagnostic testing is still abnormal after carpal tunnel decompression, should the 
patient undergo repeat surgery? 

After decompression of a peripheral nerve, electrodiagnostic testing may never return a nornial 
result .  Regenerating nerves do not remyeli nate completely. 

27. Why should you stage the degree of co1,11pression of a peripheral nerve? 
With any disease or medical condition, the treatment is detern1 ined by how advanced the disease is. 

28. How is nerve compression staged? 
The earliest stage of compression is associated with reversible ischemic block and perhaps symp

toms of numbness and tingling but no signs. Thus the earl iest stage involves a minimal degree of 
nerve compression. With longer duration of compression, the nerve develops endoneural edema, per
ineural thickening, and an increase in interfascicular epineurium. Changes can be provoked by pressure 
or physical examination maneuvers, and the patient shows changes in cutaneous v ibratory or cutaneous 
pressure threshold mid measurable weakness. This stage involves a moderate degree of compression. 
Sufficient duration of pressure results in axonal loss with wallerian degenerat ion, a decrease in two
point discrimination, and muscle atrophy. This stage involves a severe degree of compression. 

29. How does treatment of a nerve compression vary with staging'? 
For a minimal degree of compression, the treatment consists of alteration of daytime and prob

ably work activit ies, splinting or postural changes, and nonsteroidal anti inflammatory medications. 
Pat ients with associated medical condit ions should be returned to the primary care physic ian to 
ensure treatment. For a moderate degree of compression, al l  of the treatments for min imal com
pression should be tried for at least 3 months. Then further intervention may be required. For sites of 
compression with no known synovial  collections, such as the carpal tunnel, a cortisone i njection 
may be tried. Additional changes in activities of daily l iving or working conditions, such as time off 
from work, may be tried. I f  the moderate degree of compression persists and the patient does not 
wish to continue with treatment, surgical decompression of the nerve should be considered. For a 
severe degree of compression, surgical decompression of the nerve should be considered; other 
treatments are not l ikely to be effective. 
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30. Does the result of electrodiagnostic testing influence the treatment of nerve compression? 
If the results of electrodiagnostic testing demonstrate muscle denervation or the absence of elec

trical act ivity in  a peripheral nerve, the degree of nerve compression should be considered severe, 
and surg ical decompression should be the primary treatment. Any other electrical test ing resu l t  
s imply demonstrates the presence of nerve compression; the degree of compression can be deter
mined cl in ically. Nonoperative tTeatment should be offered to the patient. 

31. When is internal neurolysis indicated for the treatment of chronic nerve compression? 
Although much has been written about this subject, Mackinnon et al. performed the best study, 

which was prospective and randomized. They found no advantage to doing internal neurolysis at the 
t ime of s imple decompression for carpal tunnel release. The randomization was done preoperatively 
and not based on intraoperative findings. ln addi t ion, all patients had "routine" carpal tunnel syn
drome; therefore the results of that study cannot be applied to patients w ith recu1Tent carpal runnel 
syndrome or an underlying neuropathy. 

32. How long should a patient be splinted after a nerve decompression? 
The shorter t ime the better-usual ly about I week. If the nerve i s  prevented from moving for 

more than I week, collagen deposition and fibrin cause adherence to the nerve po toperatively and 
set up the condit ions for recurrence or failure. 

33. What is the best surgical technique for ulnar nerve decompression at the elbow? 
Five surgical options are currently used throughout the world: simple decompression, anterior sub

cutaneous transposition, medial epicondylectomy, anterior intramuscular transposi t ion. and submuscu
lar transposition. For a minjmal degree of nerve compression, each of these procedures gives a h igh 
percentage of excellent results. For a severe degree of nerve compression, each has al least a 25% fai l 
ure or recurrence rate. One technique for submuscular transposi tion, whjch uses a musculofascial Z
lengthening procedure, appears to give the h ighest percentage of excellent results and the lowest 
recurrence rates, presumably because the ulnar nerve rests in  a location with no new pressures on it. 

34. What nonoperative treatment should be considered for radial tunnel syndrome in  the pa
tient with coexisting tennis elbow? 

The counterforce brace commonly used to reduce the force del ivered to the lateral humeral epi
condyle can directly decompress the radial nerve in the radial tunne l .  Many patient with a d iagnosis 
of recurrent or resistant tennis  elbow have a coexisting radial tunnel syndrome. Before operating on 
the radial tunnel, try the counterforce brace. 

35. What is the most common avoidable complication of nerve decompression? 
l njury to a nearby cutaneous nerve. For example, the most common cause of p stoperative pain 

after carpal tunne l  surgery is a neuroma of the palmar cutaneous branch of the med ian nerve. 
S imi larly, for cubital tunnel surgery the most common cause of postoperative pain i s  injury to the 
medial antebrachial  cutaneous nerve. For tarsal tunnel decompression, it i s  inj ry to a posterior 
branch of the saphenous nerve. 

CONTROV ERS I ES 

36. Should every patient suspected of having a nerve compression undergo e lectrodiagnostic 
testing? 

Electrodiagnostic testing is truly objective and gives infonnation about a patient who i s  uncoop
erative, malingering, or comatose; it i s  the only technique to evaluate the presence of a myopathy. 
Although electrodiagnostic testing i s  highly specific, i t  i s  not highly sens i t ive. In many patients sus
pected din ically of having a nerve compression electrodiagnostic testing i s  interpreted as "nornrnl." 
The physic ian evaluating the patient for nerve compression usually can be certain of the d iagnosi s  
from the h istory and physical examination and ini t iate therapy wi thout electrodiagnostic testing. The 
cost of testing i s  often more than the cost of the nonoperative and operative treatment. Another issue 
i s  the legal l iabi l ity faced by the surgeon who operates on a patient with a "normal'" electrodiagnos
tic test. Quanti tat ive sensory testing is noninvasive, nonpainful, and less expensive (often less than 
$300). It may be more sensi t ive than electrocl iagnostic testing, but it is less specific. If you suspect 
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coexisting cervical or lumbar d isc  disease or peripheral neuropathy or i f  the  patient has  undergone 
prev ious surgery, i t  is prudent to obtain electrodiagnostic testing. 

37. What are the advantages and disadvantages of endoscopic carpal tunnel decompression? 
The advantages are one or two short incis ions, a l i ttle less postoperative pain, and perhaps a 

return to work 2 days earlier. The disadvantages relate to inabil i ty to do other requ ired surgery, the 
occas ional need to convert to an open procedure or to reoperate using an open technique, the in
creased r isk of injury to the median nerve or i ts  branches, and the increased risk to adjacent blood 
vessels .  Typically, the endoscopic technique requ ires a longer operative t ime, an endoscope, and 
extra training by the surgeon. I t  is, therefore, not at all clear that well-informed patients, considering 
the risks and potential benefits, will choose endoscopic carpal tunnel release. 
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l 04.  B RACH IAL PLEXUS 

Mark H .  Gonza lez, M . D .  

1 .  Which nerve roots supply the brachia! plexus? 
The brachia! plexus is most frequently supplied by the fifth through eighth cervical (C) and first 

thoracic (T) nerve roots (see figure at top of next page). 

2. What is a prefixed p lexus? A postfixed plexus? 
A prefixed plexus has a contribution from the fourth cervical nerve root, and a postfixed plexus 

has a contribution from the second thoracic nerve root . 

3. Which nerves form the trunks of the brachia! plexus? 
Most frequently, the upper trunk is formed by the CS and C6 nerve roots, the middle trunk is 

formed by the C7 nerve root, and the lower trunk is formed by the C8 and Tl nerve roots. 
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3 Anterior 
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3 TRUNKS 

Pectoral nn. 
Th.oracodorsal n. 

Subscapular nn. 
:- Med. cutaneous nn. of arm & forearm 

5 ROOTS 

4. Which nerves form the cords of the brachia! plexus? 

The brachia! plexus. (From Lister 
GL: The brachia !  plexus. I n  Lister 
GL: The Hand. Edinburgh, Church
i l l  Livingstone, 1 993, pp 243-246, 
with permission.) 

Each trunk divides into an anterior and posterior division. The anterior divi s ions of the upper 
and m iddle trunks uni te to form the lateral cord, the anterior division of the lower trunk forms the 
medial cord, and the posterior divisions of the three trunks form the posterior cord. 

5. How are the peripheral nerves formed in the brachia! plexus? 
The musculocutaneous nerve arises from the lateral cord and the ulnar nerve from the medial 

cord. The median nerve is  formed by contributions of the medial and lateral cords. The radial, axil
lary, and thoracoclorsal nerves arise from the posterior cord. 

6. What is the common mechanism of closed brachial plexus injury in adults? 
Downward (caudal) traction to the shoulder usually causes upper trunk injurie . Traction to the 

abducted arm (cephalad) causes lower trunk injuries, and front-to-back force applied to the shoulder 
has been associated with an isolated C7 injury. Anterior dislocation of the shoulder and proximal 
humerus fracture have been associated with suprascapular and axil lary nerve injury. 

7. What are the common clinical patterns of closed brachial plexus injury in adults? 
Proximal injuries of the brachia! p lexus are termed supraclavicular injuries, and distal injuries 

are termed infrac lavicular injuries. The most common patterns of supraclav icular injury are Erb's 
palsy and whole plexus injury. Erb's palsy involves damage to the CS and C6 nerve roots. S upra
spinatus, infraspinatus, deltoid, brachialis, and biceps function is lost. Cl inically the arm is internally 
rotated and adducted, and the elbow is extended. The C7 nerve root also may be clamagecl, causing 
loss or weakness of elbow, wrist, and finger extension. The whole plexus injury causes complete or 
nearly complete loss of arm function ( flai l  arm). Isolated involvement of the CS and T l  nerve roots 
(Klumpke's paralysis) is extremely uncommon and shows loss of hand function with sparing of the 
elbow and shoulder. lnfraclavicular injuries commonly show loss of shoulder abduction and flex ion 
but also may be associated with loss of hand, wrist, and elbow function. 

8. What are the indications for an arteriogram after an injury to the brachia! plexus? 
I . Penetrating trauma to the region of the brachia! plexus 
2 .  Abnornial pulses associated with blunt or penetrating trauma 
3. A normal initial exam fol lowed by subsequent brachia! plexus neurologic deficit that may be 

clue to an expanding hematoma. 
The risk of arterial injury after brachial plexus injury is  I 0%, and some authors recommend ar

teriography for al l  brachia! plexus injuries. 
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9 .  What i s  the  significance of  a preganglionic and postganglionic lesion of  the  brachia! plexus? 
A pregangl ionic les ion of the nerve root is within the intervertebral foramen proximal to the 

sensory root gangl ion and is also termed a root avulsion. A postgangl ionic lesion is d istal to the sen
sory root gangl ion. Pregangl ionic lesions are not reconstructable by nerve graft, and regeneration is 
not possible. A postgangl ionic lesion can be grafted and has regenerative potential .  

10. What is Homer's syndrome? What is its significance? 
Homer's syndrome consists of ptosis (drooping eyel id), miosis (small pup i l ) ,  and enopthalmos 

(sunken eyebal l )  on the same side of the face.  It is also associated with anhidrosis (absence of sweat 
secretion) of the affected side of the face. The presence of Homer's syndrome impl ies inten-uption of 
the sympathetic fibers to the face that arise in the cervicothoracic gang l ion. This  interruption is  due 
to a proximal lesion to the CS and TI roots that is frequently pregangl ionic. 

1 1. What is the histamine triple response? 
Histamine is injected into the skin, and the triple response is vasod i lation followed by a wheal 

and flair. The response i s  an axonal reflex involv ing the sympathetic gangl ion and dorsal root gan
gl ion. Skin denervation with an intact triple response implies a pregangl ionic lesion. 

1 2. How can a preganglionic and postganglionic lesion be differentiated? 
Preganglionic lesions are associated with Homer's syndrome; transverse process fractures of the 

cervical spine; denervation of the serrat·us, rhomboids, or supraspinatus; an intact h istamine response; 
paralysis of the hemidiaphragm; and absence of any return in the distribution of a nerve root. They 
are also associated with nerve root avuls ion. The presence of intact sensory nerve conduction with 
absent somatosensory evoked potent ia l  a lso implies a pregang l ionic lesion. Traumatic meningo
coeles on myelogram and proximal nerve lesions on MRI suggest a pregangl ionic lesion. Surgical 
exploration is  required to determine the level of a nerve root lesion wi th certainty. 

13. What is the indication for neurolysis of the brachia! plexus? 
Neurolysis removes scar surrounding intact nerve fibers. Posttraumatic scarring of the brachia! 

plexus can arrest nerve regeneration or cause loss of regenerated function. l n  this sett ing, neurolysis 
is indicated to release scar that surrounds functioning fascicles and to determine which fascicles are 
discontinuous and require graft ing.  Intraoperative nerve stimulation may be useful in identifying and 
protect ing intact fascicles. 

14. What is the indication for nerve grafting of the brachia! plexus'? 
Postgangl ionic lesions wi th loss of fasc icular continuity are reconstructed by nerve grafts. A 

sharp laceration to the brachia!  plexus can be sutured primari ly, but most traction injuries require 
graft ing because of scarring and an ensuing gap. The sural nerve is the most common donor nerve. 

1 5. What is the indication for neurotization of the brachia! plexus? What nerves can be used? 
Neurotization is used for nerve root avulsions that are not reconstructable by nerve grafting. A func

tioning nerve is used to provide nerve fibers for the distal stump of an avulsed nerve root. The anasto
mosis can be made directly or with an interposed nerve graft. The intercostal nerves, spinal accessory 
nerve, cervical plexus, medial pectoral nerve, and contralateral C7 nerve root have been used as donors. 

16. Describe the optimal timing of exploration of an adult traction injury of the brachia! plexus. 
Surgery must be performed before 6 months after injwy to maximize nerve regeneration. Many sur

geons advise surgery after several weeks or months for severe injuries with no evidence of any rerurn. 

17. What causes obstetric palsy? 
Obstetric palsy is bel ieved to be due to a traumatic lesion at birth. Two s ituations may predis

pose to obstetric pal sy. Large infants with cephal ic  presentat ion and shoulder dystocia are at risk 
during delivery, as are small infants born with a breech presentation. Obstetric palsy may occur after 
a seemingly normal del ivery and has been documented even after a cesarean section. 

18. What are the indications and timing for exploration of obstetric palsy? 
The absence of any return of biceps or deltoid function by 3 months of age is a strong indication 

for brachia! plexus exploration. Other criteria include the absence of elbow flex ion/extension, wrist 
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extension, or thumb/finger extension by 9 months of age. Most surgeons recommend exploration 
before 6-9 months of age. 

1 9. What symptoms are associated with thoracic outlet syndrome? 
Neurologic symptoms are most commonly associated with thoracic outlet syndrome. Burning 

pain i nvolving the shoulder occurs with radiation into the inner arm and the hand. Tingl ing and 
numbness of the CS and T l  nerve root distribution, including the ulnar two fingers, are common. 
Weakness and wasting of the intrinsic hand muscles, including the thenar eminence, are less 
common. Vascular changes of  the arm and hand are infrequent but may cause venous congestion, 
cold intolerance, color changes. and cold sensitiv ity. 

20. What is the anatomy of the thoracic outlet? 
The thoracic outlet is a triangular space bounded anteriorly by the scalenus anticus, posteriorly 

by the scalenus medius, and inferiorly by the first rib. The brachia! plexus and subcla\'ian artery pass 
through the outlet. 

21. What is the cause of thoracic outlet syndrome? 
Any structure that narrows the thoracic outlet may cause thoracic outlet syndrome. A cerv ical 

rib, fibrous bands, or a mass effect (tumor) may cause nerve compression. Postural changes such as 
the mi l i tary brace position or stooped shoulders also may contribute to the development of thoracic 
outlet syndrome. 

22. What is the Roos test? 
The patient is  seated with the arms abducted 90° and the elbows flexed 90°. The patient is  asked 

to open and close the hands repeatedly for 3 minutes. The patient with thoracic outlet syndrome ex
periences an exacerbation of symptoms and is unable to complete the test. 

23. What is the treatment of thoracic outlet syndrome? 
The in i t ia l  therapy of thoracic outlet syndrome is conservative. i ncluding physical therapy, 

weight loss when appropriate, and avoidance of cond it ions that exacerbate the condi t ion, such as 
carrying heavy weights on the shou lder. Therapy involves postural exercises. Refractory symptoms 
may be amenable to surgical therapy. The thoracic outlet may be decompressed through a supraclav
icular or axil lary approach. The supraclavicular approach al lows release of fibrous bands and the 
scalene muscles. The first rib or a cervical rib can be excised through an axil lary approach. 

24. What is Parsonage Turner syndrome? What is the recommended treatment? 
Parsonage Turner syndrome is a lso called neuralgic amyotrophy and acute brachia! neuri t i s .  

Acute pa in  involving the shoulder wi th  radiation into the arm is the init ial symptom wi th  subsequent 
partial or complete paralysis of the arm .  The paralysis is  a lower motor neuron type with flaccidity. 
Surgical intervention is not recommended; most patients regain complete function. 
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I 0 5 .  R H E U MATOI D  ARTH RITI S 

N abil A Baraka t ,  M D , and W.  P Andrew Lee, M D .  

1.  What i s  the normal presentation of rheumatoid arthritis ( RA)? 
RA is a systemic, chronic inflammatory disease involv ing the synovial t issues of both joints and 

tendons. It typical l y  presents in the th i rd and fourth decades of l i fe as symmetric involvement of 
mult iple joints. I t  has a variable course, including remissions and exacerbat ions. The diagnosis de
pends on cl in ical symptoms and criteria. The cause is l ikely to be mult i  factorial, with some evidence 
of genetic pred isposition. 

2. What is the pathophysiology of RA? 
The precise cause is unknown but is thought to be an autoimmune reaction to an unknown agent 

within the synovial t i ssue. IgG and lgM are thought to interact with the antigen to fom1 autoantibody
antigen complexes that cause synovial infil tration with leukocytes. The leukocytes release inflamma
tory mediators that cause the synovit is .  The lgG and lgM autoantibodies are also termed rheumatoid 
factors (RFs) and are present in more than 70% of affected patients, making them RF-positive. 

3. What are the radiographic features of RA'? 
A uniform joint space narrowing is noted as well as characteristic erosions without the subchon

dral sclerosis that i s  prominent in osteoarthrit is . Osteophytes are usually not seen, a l though osteo
porosis and soft t issue swel l ing are often present. 

4. What are the clinical features of RA? 
Symmetric joint swe l l ing and pain, along with decreased range of motion, are often noted. 

Untreated, the condi tion leads to deformity of the joints and subsequent loss of function. S imi larly, 
inflammation of the tendons leads to localized areas of tenderness that move with excursions of the 
affected tendon. The synovial prol iferation may lead to tendon ruptures and subsequent loss of func
t ion.  Triggering and various nerve compressions are also noted subsequent to the i nflammat ion.  
Muscle wasting secondary to al l  of the above may result . Extraart icular manifestations include eye, 
lung, heart, blood vessel ,  muscle, and neurologic signs as well as associated autoimmune diseases. 

5. What is the caput ulnae syndrome'? 
The caput u lnae syndrome inc ludes dorsal d is location of the d istal u lna,  supinat ion of the 

carpus, and volar subluxation of the extensor carpi u lnaris .  The syndrome i s  thought to result form 
the synovit is that stretches the ulnar triangular fibrocart i lage complex. It is seen in up to one-third of 
patients and causes weakness and pain that are aggravated by forearm rotat ion. Examination of the 
wrist reveals prominence of the distal u lna with supination of the carpus on the forearm. This  finding 
sets the stage for attrition ruptures of the extensor tendons. 

6. What are the causes of tendon ruptures in RA? 
Both extensor and flexor tendon ruptures occur in RA. They are thought to be secondary to at

trition of the tendons against a bony prominence. On the extensor side, the extensor digitorum com
munis tendon ruptures from ulnar styloid abrasion (Vaughan-Jackson lesion), whereas the extensor 
pol l ic is longus is abraded by Lister's tubercle. On the flex or side, the flex or pol l  i c i s  long us is the 
most commonly ruptured flexor tendon from attri t ion against the scaphoid bone ( Mannerfel t  
lesion). Flexor tendon ruptures also result from direct invasion b y  inflammatory infi ltrate a s  wel l  as 
ischemic necrosis from pro l i feration of the synov ium. 

7. What is the differential diagnosis of an extensor tendon ru pture leading to lack of meta
carpophalangeal ( MP) joint extension? 

Lack of MP joint extension is  usually due to extensor rupture. Other causes include MP joint dislo
cation, fixed MP joint flexion conD·actme, and extensor subluxation at the MP joint. Extensor paralysis 
due to posterior interosseous nerve compression from elbow synovit is also has been reported. 
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8. How is RA treated medically? 
Nonsteroidal anti inflammatory drugs (NSAIDs) and corticosteroids are the ftrst l i ne of treat

ment. Second-l ine drugs include azathioprine, gold compounds, and hydrochloroqu inone. Local 
steroid injections occasionally give transient relief of symptoms, as do joint protection and splinting. 

9. What are the principles of treatment in rheumatoid hand and wrist surgery? 
First and foremost, deformity without pain or functional loss is  not an indicat ion for surgery. 

Many grossly abnormal-appearing hands are painless and have no functional loss. The entire patient 
should be assessed, including both upper and lower extremities as wel l  as the spine. Functional loss 
and effects on activi ties of dai ly l iv ing should be assessed specifically. 

10. What are the four objectives of surgical treatment of rheumatoid hand deformity? 
I .  To relieve pain and its debi l i tating effects. 
2. To improve and restore useful function, most importantly for activ ities of daily l iv ing .  
3 .  To prevent ongoing destruction. 
4. To correct cosmetic deformity. Remember: deformity without pain or functional l oss is  not 

an indication for surgery. 

1 1 .  What three general categories of surgical procedures are performed on the rheumatoid hand 
and wrist? 

Nearly al l surgical procedures for RA may be categorized as preventive, recon tructive, or sal
vage surgeries. Preventive surgeries include synovectomies and tenosynovectomies. Reconstructive 
surgeries include soft t issue reconstruct ion, such as tendon rebalancing, arthropla ties, and tendon 
transfers. Salvage surgeries include different types of joint arthrodesis. 

12. What is the surgical sequence in rheumatoid patients? 
Lower extremity joints should be addressed first, ai1d a proximal joint should be addressed before a 

distal joint (e.g., elbow before wrist or hand, wrist before MP or proximal interphaJangeal [ PIP] joints). 
The painful joint should be approached first with uncomplicated procedure that have the best outcome. 

13.  What are the indications for an extensor tenosynovectomy? 
S ignificant dorsal swel l ing persistent after 6 months of medical treatment is thought by most ex

perts to be an indication for extensor tenosynovectomy. The Darrach procedure, in which the ulnar 
head is excised, i s  sometimes added to help prevent tendon rupture. S imi larly, reposit ioning of  the 
volarly dislocated extensor carpi ulnaris (ECU) together with a tendon trnnsfer (typical ly the exten
sor carpi radial is  longus [ECRL]) is also indicated in  later stages of the disease. 

,14. What is the preferred treatment of extensor ruptures? - \-:- hi the case of a single rupture of the extensor to the l i ttle finger, the distal stump 1s sutured to the 
-:o- · hbonng extensor tendon to the nng finger. Double ruptures of the extensors of e l i ttle and ring 

"�1.1 may Qe treated in a similar fashion, or an extensor indicis proprius (EIP) tendon transfer may 
be ·��]i!£�- Rupture of three or sometimes four extensor tendons is treated by transfer of the 
fleXO::g{();!um superficial is (FDS) of the middle finger to the extensor side. Rupture of the exten
sor pol l ic is longus (EPL) is  usual ly treated by transfer of the EIP. 

15. What are the indications for wrist arthrodesis? 
Pain, loss of function, and wrist deformity, along with radiographic findings of extensive cai·pal 

destruction and col lapse, are the typical indications for an arthrodesis. Wrist synovectomy is indi
cated in patients with m in imal bony destruction. Wrist arthroplasty using different s i l icone implants 
has fal len out of favor because of mult iple compl ications, al though metal prostheses are used at 
some centers. 

16. What are the indications for MP joint arthroplasty? 
The indications are pain, loss of funct ion, and ulnar drift, along with radiographic evidence of 

advanced destruction of the joint .  Absence of pain with a functional hand is a contraindication to 
surgical  treatment. MP joint arthroplasty with s i l i cone implants has enjoyed rel at ive success in 
comparison with wrist arthroplasties. On the other hand, MP joint arthrodesis is u ual ly avoided in 
v iew of the significant l imitation that it imposes on motion. 
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17. What are the common finger deformities in the rheumatoid hand? 
A swan-neck deformity with hyperextension of the PIP joint and flexion of the distal interpha

Jangeal (DIP) joint and the boutonniere deformity with hyperextension of the OLP joint and flexion 
of the PIP joint are often noted. Both deformities are secondary to imbalances in  the extensor mech
anism caused by the synovi t is  within the joint spaces. 

18. What is the surgical approach to correction of the swan-neck deformity? 
The treatment depends on the mobil ity of the PIP joint .  If the PIP joint is  flex ible in  all posi

tions, DIP arthrodesis or a sublimis s l ing is  indicated. If PIP joint flexion i s  l imi ted, intrinsic release, 
PIP joint manipulat ion,  or lateral band mobi l ization is indicated. A stiff PCP joint with radiographic 
ev idence of advanced intraarticular changes requires either PIP joint fusion or arthroplasty. PIP joint 
arthroplasty in  the setting of RA has general ly met with poor long-term results. 

19. What is the mechanism leading to the boutonniere deformity? 
Inflammation within the PIP joint is thought to stretch the extensor mechanism, causing the lat

eral bands to d isplace volarly and become fixed. They thus act as flexors of the PIP joint and become 
the sole extensors of the DIP joint, leading to hyperextension of the DIP joint. S urgical correction of 
boutonniere deformity is often associated with l im i ted functional improvement and a h igh recur
rence rate. Soft t issue conection i s  indicated only if passive extension of the PIP joint i s  possible and 
the joint i s  preserved. Pl ication or reinsertion of the central tendon and relocation of the lateral bands 
dorsal ly may be performed. If the PIP joint cannot be extended passively or if it is  painfu l ,  an 
arthrodesis of this joint is indicated. 

20. What are the indications for thumb fusions in RA? 
Fusions of MP or I P  joints of the thumb are excellent operat ions, addressing pain, functional de

formity, and cosmesis of  the joints. The stabi l ity and overal l  function of the hand i s  often improved 
after such procedures despite the Jack of motion at the involved joint. 
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I 06.  SMALL JOINT ARTH RO D ES I S  A N D  

ARTH ROPLASTY 

Alan Rosen , M . D . ,  and Andrew J .  Weiland ,  M . D .  

SMALL JOINT A RTH RODESIS 

1 .  List the indications for small joint arthrodesis. 
The general indications for arthrodesis of any joint pertain to the hand: ( I )  pain; (2) instabi l i ty; (3)  

joint destruction; (4) defonnity resulting from trauma, osteoarthritis, or rheumatoid-type conditions; 
and (5) loss of muscle or tendon function across the joint. Failure of prior procedures aimed at main
taining motion, such as implant arthroplasty, are also an indication for arthrodesis as a salvage proce
dure. More specific indications for small joint arthrodesis in the hand include ( I ) painful posttrnumatic 
arthrosis  or defom1ity; (2) fixed contracnires after bums; (3) rheumatoid arthrit is; (4) severe infection 
unresponsive to pharmacologic therapy; (5) Dupuytren's contracture with fixed deformity; (6) nerve 
palsy leading to instabi l ity that impedes funct ion; (7) chronic mallet finger defom1 ity unresponsive to 
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conservative treatment; and (8) as a salvage procedure after failed arthroplasty or tendon reconstruc
tion for deformity such as boutonniere or mallet finger. 

2. Should al l  chronic mallet deformities be fused'? 
No. Studies have shown that even chronic mal let finger deformities may respond to treatment 

with 8 weeks of distal interphalangeal (DIP) joint splinti11g. Patient preference also should be taken 
into account. Many patients would rather l ive with a 1 0- 1 5° extensor lag than undergo urgery to fuse 
the joint. However, if a significant secondary hyperextension deformity develops at the proximal in
terphalangeal (PIP) joint, arthrodesis of the DIP joint may be indicated to preserve PIP joint function. 

3. Describe the ideal position for fusion of the metaphalangeal ( MP), PIP, and DIP joints of 
the index, middle, ring, and little fingers. 

In general ,  finger MP joints should be cascaded 
from a radial to u lnar direction, beginning with 25° of 
flex ion in the index finger and adding 5 °  for each finger 
as one progresses ulnarward. The PIP joints also should 
be cascaded from a radial to ulnar d irection, beg inn ing 
with 40° of flex ion in the index finger and adding 5° for 
each finger as one progresses ulna.rwa.rd. The DIP joints 
should be fused in O' of flexion. (Note: The edi tor 
prefers DIP joint fusion in s l ight flexion of 20°) .  No ro
tation, u l nar deviation, or radial  dev iation from the 
normal anatomic posit ion should be a l lowed in joints 
undergoing fusion. An exception to this rule i s  the DIP 
joint of the index and middle fingers, for which 5- 10° of 
supination may be useful in ach ieving pulp-to-pulp 
pinch with the thumb. 

(From Brockman R, Weiland AJ: Smal l  joint arthrodesis .  I n  
Green DP (eel ) :  Operative Hand Surgery, 3rd ed. New York, 
Churchi l l  Livingstone, 1 993, p 1 00, with permission.) 

4. What is the ideal position for fusion of the MP and IP joints of the thumb? 

Ideal position for arthrode is in  the thumb. 
A. The MP joint is flexed 5- 1 5° with ap
proximately I 0° of pronation to faci l i tate 
pulp-to-pulp pinch with the fingers. The I P  
joint i s  also fused in  slig t flexion (0- 1 5°). 
B, l f the CMC joint needs to be fused (very 
unusual ), it should be placed in 35-45° of 
palmar abduction and 20° of radial exten
sion. (From Brockman R, Wei land AJ: 
Small joint  arrhrodesis. ln Green DP (ed): 
Operat ive Hand Surgery, 3rd ed. New 
York, Church i l l  Livingstone, 1 993, p I O I ,  
with permission.) 
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5. A stiff finger is less cumbersome if it is slightly shorter. True or false? 
This statement is true for the index, middle, ring, and l ittle fingers. In the thumb, which is in

volved in nearly al l  hand activ it ies, maximal length should be obtained to al low functions such as 
pinch and opposition. 

6. What general principles need to be followed to obtain a successful fusion? 
Many techniques have been described for fixation of smal l joint arthrodeses, each with its own 

proponents and appl ications. However, no matter what technique is used, several general principles 
need to be followed: ( I )  avoid interposition of any soft tissues between bony surfaces; (2) remove 
a l l  cart i lage from the joint surfaces;  (3 )  surface preparat ion shou ld resul t  in good cancel lous-to
cancellous bone contact; (4) the bony surfaces must be held securely together by either internal or 
external fixat ion;  and (5) the posit ion of fusion should be as close as possible to the posit ion of 
function. 

7. What internal fixation techniques are available for small joint arthrodesis? 
Several techniques are avai lable .  Internal fi xation techniques inc lude ( I )  Kirschner wi res,  

which may be trimmed at the bone surface and left in s i tu or protruding from the bone so that they 
can be removed once the fusion has set; (2 )  interosseous wiring; (3) tension band wiring; (4) lag 
screw fixation; (5) pl ate fixation; and (6) bioabsorbable rods and pin, the c l in ical use of which is  
st i l l  in its infancy. 

Internal fixation techniques for small joint arthrodesis. A and 
B, Kirschner wiri ng. C and D, l nterosseous wiring. £, Ten
sion band wiring. F. Lag screw fixation. (From Brockman R, 
Wei land AJ: Small joint arrhrodes is.  I n  Green DP (ed) :  
Operative Hand Surgery, 3rd e d .  New York. Church i l l  
Liv ingstone, 1 993, p I 04, wi th  permission.) 

8. Discuss the indications for external fixation. 

D E 

External fixation is not general l y  used for uncompl icated phalangeal and metacarpal joint 
arthrodesis .  The l imited indications for external fixation include ( I )  open joint injuries with severe 
bone and articular surface loss; (2)  septic arthritis or osteomyel i t i s  with joint destruction; and (3 )  
failed prior arthrodesis by  other methods. 

9. Is bone grafting necessary for small joint fusions? 
Bone grafts are not usually necessary to obtain successful d igital joint arthrodeses. They may 

be useful in patients with significant bone loss due to trauma; fa i led arthroplasty; fai led arthrodesis; 
infection; or the arthri t is mutilans form of rheumatoid arthrit is with severe bone loss. 

10. Is small joint arthrodesis performed in children with open physes? 
Yes. Indications for arthrodes is of digital joints in chi ldren with open physes are rare, but the 

procedure may be indicated in cases involving congenital problems or cerebral palsy. 
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1 1 .  It is possible to perform a digital fusion in children without interfering with digital growth. 
True or false? 

True. The art icular carti l age i s  careful ly shaved off, avoiding damage to the os ification center 
and the physeal (growth) plate. The prepared articular surfaces are then reduced into the desired po
s ition of fusion and held in place wi th Kirschner wires until fusion has occurred. 

12. What are the most common complications of small joint arthrodesis? 
Arthrodesis of the small joints is  not a fai l -safe operation. Numerous complications may occur, 

including ( l )  nonunion; (2)  malunion; (3)  pin tract infection; (4) cold intolerance; and (5) vascular 
insufficiency, which is seen most often after arthrodesis for a fixed flexion deformi t  (restoration of 
digi tal length may place the neurovascu lar bundles under excessive stretch) .  

SMALL JOINT A RT H ROPLASTY 

13. What are the indications for arthroplasty vs. arthrodesis? 
In deciding whether to perform arthroplasty or arthrodesis in the hand, the adjacent joints must 

be taken i nto account. Fusion of contiguous joints is usual ly not recommended because i t  severely 
curtails range of motion of the affected digit . As a general rule, arthrodesis provides power and sta
b i l i ty, whereas arthroplasty provides range of motion. Arthroplasty is more commonly ind icated 
proximally ( for example, at the metacarpophalangeal [MCP] joints of the index, m iddle, ring, and 
l it t le fingers), whereas arthrodesis is  more commonly performed distally (at the DIP joints) .  Joints 
that require stabi l ity for specific functions such as pinch-for example, the PIP joint of  the index 
finger and the MCP joint of the thumb--are more amenable to fusion. 

14. Discuss the common indications for arthroplasty in the small joints of the hand. 
Rheumatoid arthrit i s  and related collagen d iseases such as psoriatic arthrit is and systemic lupus 

erythematosus are among the most common disease processes that lead to joint destr ction requiring 
arthroplasty. Arthroplasty also may be indicated for degenerat ive or posttraumatic d isease. 
Therefore, the two major indications for arthroplasty in general are ( I )  pain and defo1TI1i ty secondary 
to arthri t i s  and (2)  stiffness due to loss of joint surface or joint incongruity. 

15. What are the primary contraindications to arthroplasty? 
Ongoing infection is an absolute contraindication for any type of implant arth.roplasty. Loss of 

active range of motion across a joint due to damage or paralysis of the flexor or extensor tendons is 
also a primary contraindication. 

16. Name the structures necessary for a stable arthroplasty. 
Sufficient bone stock should be present to allow for a stable arthroplasty. ln addition, it is necessary 

to obtain reasonable stability of the joint by restoration or preservation of the capsule and su1Tounding 
l igamentous structures. Functional flexor and extensor tendons to provide active range of motion across 
the joint are also required. l f  restoration of joint stabil i ty is doubtful, arthrodesis is a better option. 

17. Describe the different types of arthroplasty. 
1 .  Resection arthroplasty, in which the d iseased articular surfaces are resected and soft tissue is 

interposed between the two bones. 
2. S i l icone elastomer arth.roplasty, in which the distal encl of the proximal bone and the proxi

mal end of the d istal bone are resected and a flexible si l icone spacer i s  interposed between the two. 
(See figure on p. 543 . )  

3 .  Cemented arthroplasty, which involves placement of  a prosthesis composed f two articulat
ing components, usually made of a combination of metal ( titanium or cobalt chrome) and u ltra-high
molecular-weight polyethylene (UHMWP). 

4. Hemiarthroplasty, in  which only one of the joint surfaces is replaced, usually by a s i l icone or 
t i tanium implant. (See figure on p.  544.) 

5 .  Allograft joint replacement. 
6. Vascularized whole joint transfer. 
The last two procedures have l imi ted application and indications (e.g. , traumatic loss of several 

fingers or injury to an essential joint in a child). 
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H inged s i l icone prosthesis wi th  grommets (arrow). A, Prosthesis before implantation. B,  Radiograph of implanted 
prostheses at the metacarpophalangeal joints of the index, middle, ring, and J i l l ie fingers on the right hand. 

1 8. What is perichondral arthroplasty'? 
Perichondral anthroplasty was first described in Europe during the 1 970s. Chondral grafts are 

harvested from the costal cart i lages and sutured over the resurfaced ends of adjacent bones of the 
affected joint. When only cartilage is used, the procedure fail s  as a result of cartilage necrosis .  When 
an osseous base with overly ing cartilage is  used, satisfactory resul ts have been reported, but only in 
a small series of patients. 

19. Discuss the common complications of silicone implants. 
The most common complications associated with the use of si l icone implants are prosthetic frac

ture, dislocation, and fonnation of si l icone-induced particulate synovit is with osteolysis and cyst for
mation. The use of a new h igh-performance ( HP) elastomer and c i rcumferential  grommets has 
reportedly decreased the incidence of fracture in hinged implants .  However, HP elastomer (espe
cially when used in areas of heavy loading such as the carpus) has been associated with a higher in
cidence of si l icone-induced particulate synovitis, which curtails the indications for its use. 
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Convex condylar t i tanium i mplant .  A ,  Prosthesis before implantation. B ,  Radiograph of a thumb wi th  car
pometacarpal arthritis before (left) and after (riglu) implantation of the prosthesis (arrow). 

20. What are the early and late complications of small joint arthroplasty? 
The common complications of small joint arthroplasty are essent ia l ly the same as the complica

tions of arthroplasties i n  genera l .  Early complications include ( 1 )  wound breakdown, (2) infection, 
(3)  prosthetic dislocation, and (4) nerve injury. Late complications include ( 1 )  loss of motion, (2) re
current deformity, (3) prosthetic loosening, and (4) prosthetic fracture. 
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1 0 7 .  CON G E N ITAL ANO MALIE S  

J oseph Upto n . M D .  and Benjam i n  J .  Chi lders. M . D .  

1 .  A t  what age o f  development does the limb bud ap1>ear? When are digital rays evident? 
Streeter div ided human embryonic development into 23 stages. Limb development and differen

t iation are rapid processes occurring between the th ird and eighth postovulatory weeks .The l imb 
bud, cal led Wolff's crest, is wel l  defined at  clay 30. I t  i s  a ventral swel l ing mesoderm covered by a 
thick layer of ectodenn, called the apical ectodemial ridge (AER). By clay 4 1  digital rays are present, 
and by clay 48 joint in terzones are evident histologically. Usually by the t ime the expectant mother is 
sure that she is pregnant, most of the upper l imb differentiation has been completed. 

2. What does syndactyly mean? ls it the most common congenital anomaly? 
Syndactyly (Greek: syn = together, dactyly = finger) i s  commonly used to describe webbed 

digits and is the second most common congenital anomaly. The most common are dupl ications, par
t icularly preaxial or thumb dupl ications in the Asian population and postaxial or ulnar dup l ications 
in African American and Native American populations. The incidence of dupl ications varies accord
ing to the population but overall occurs in 3 .8-1 2.0/ 1 000 l ive births. 

3. What type of correction is best for syndactyly? 
No one repair is  absolutely best. Over 60 methods have been described in the l i terature, and 

most use the same basic surgical principles. The surgeon must be comfortable with a few repairs that 
she or he learns to do wel l  and not experiment with each case. 

4. What are the principles of syndactyly correction? 
I .  Use of full-thickness flaps for commissure reconstruction 
2. Zig-zag incisions on the palmar surface 
3. Use of full-thickness skin grafts 
4. Equal d iv ision of flaps between each partner digit 
5 .  Meticulous, atraumatic technique 
6. Adequate postoperative immobil ization 
7. Staged release of the radial and ulnar sides of a digit . Release of both s ides during one proce

dure may compromise the vascular supply to the digit. 
In operating on young chi ldren, it is also important to work under general anesthesia and to use 

a pneumatic tourniquet and absorbable 6-0 or 5-0 chromic suture material. 

5. What are the most common problems after syndactyly conection? 
Infect ion, graft or flap maceration, and graft loss are almost always related to the chi ld 's activity 

and/or inadequate immobil ization. S urgeons with chi ldren of their own do not hesi tate to protect op
erated l imbs in  a long arm cast extending wel l  proximal to the e lbow flexed at 90°. S ingle residents 
without children do not always appreciate the problems that most parents encounter with control l ing 
active young chi ldren. Early problems also may occur after ch ildren wet their casts or dressings in 
bathtubs or swimming pools. 

Long-term problems include recurrence of the webbing or "web creep," which i s  related to scar 
contracture at the base of the commissure or along the incision l ines. Zig-zag incis ions are intended to 



546 Congen i ta l  Anomal ies 

reduce this potential contrncture. Skin grafts are often hyperpigmented and, i f  harvested within the hair
bearing escutcheon, may become hirsute during adolescence. Inadequate correct ion of the first web re
lease may be obtained with tight cont:ractures, which can be widened only with additional soft tissue. 

6. What is the most important web space in the hand? 
The thumb-index or first web space is unquestionably the most important. Of all techniques de

scribed for correction of congenital hand anomalies, release of the first web space is the most signifi
cant functionally and aesthetically. In a pure analysis, a "basic hand" has three components: a mobile 
digit or thumb on the radial side, a first web space, and a post or digit on the opposite ide of the hand. 

7. What is the best method for surgical release of the first web space? 
The surgeon must learn to use one or two methods wel l .  For minimal-to-moderate contractures, 

the four-flap Z-plasty provides the greatest release and maintains the best concavity between the 
thumb and index MP joints. A s ingle Z-plasty and the five-flap Z-plasty, also called the "jumping 
man," are good alternatives. Many varieties of dorsal rotational flaps from the thumb or index 
metacarpal regions have been described with the use of skin grafts. These techn iques are not pre
ferred because they leave a conspicuous skin graft in a v isible position of the hand. These local flaps 
are indicated in complex problems such as the Apert hand. 

For severe contractures soft tissue is  often needed. Free tissue transfers in infants or young chil
dren are often quite cumbersome and technical ly difficult. Distal ly based forearm ( radial artery or 
dorsal interosseous artery) fasciocutaneous flaps have been described for chi ldren with arthrogrypo
sis ,  windblown hands, and hypolastic thumbs with tight contractures, and are advi ed for experi
enced surgeons. 

8. What contributes to thumb-index contracture? 
Tight skin is  the most obvious etiology, but tight investing fascias of the first dorsal intero seous 

and adductor pol l ic is  muscles almost always are found and must be excised. Often a tight band i s  
present between the two muscles . Occasionally, a tight thumb carpometacarpal (CMC) joint may  be 
found; it is  usually suspected on physical examination. 

9. How is syndactyly clinically classified? 
The level of webbing between digits is complete if i t  extends to the fingert ip and incomplete 

with a more proximal termination. A simple syndacty ly refers to soft tissue connections between ad
jacent digits, whereas complex refers to bone or caitilaginous unions. Complicated refers to abnormal 
duplicated skeletal parts within the interdigital space. The most common pattern is bi lateral simple, 
incomplete syndactyly of the long and ring fingers. Many such patients have a simple syndactyly in
volving toes 2 and 3 on one or both feet. 

Simple, Incomplete Simple, Complete Complex Complicated 

Classification of syndactyly. (From Upton J :  Congenital anomalies of the hand and forearm. Jn McCarthy JG, 
May J,  Litt ler JW (eds): Plastic Surgery. Philadelphia, W.B. Saunders, 1 990, p 5280, with pennission.) 

10. Do children need more surgery after syndactyly repair? 
There is always a chance that contractures wi l l  require future correction. The l iterature c ites a 

secondary operation rate of about 1 0%. The incidence is much higher in complex and compl icated 
cases and cases with postoperative complications. There is a direct relationship between careful ly 
planned and executed surgery and a low complication rate. Children and adults with central complex 
polysyndactyly invariably need secondai·y corrections. This vai·iety is  the most difficult to treat. 
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11 .  Geneticists and pediatricians use the terms malformation, deformation, and disruption. 

\Vhat do they rnean? 
The dysmorphology approach to congenital anomalies div ides defects i nto one of three se

quences, which are defined as problems that lead to a cascade of events: 
I .  In  a malformation sequence poor formation of tissue within the fetus init iates the chain of 

defects, which may range from minimal to severe. Al l  gradations of radial dysplasia, ranging from 
absence of the thenar muscles to complete absence of the radius result ing in the club hand posture, 
are examples. Occurrence rate is  in the 5% range. Radial dysplasias also are associated with malfor
mation in other organ systems, such as the VATERR association (vertebral anomal ies, anal atresia, 
tracheoesophageal fistula, renal anomalies, and radial dysplasia) and Holt-Oram syndrome (radial 
dysplasia and congenital heart disease). 

2 .  The deformation sequence involves no intrinsic problem with the fetus or embryo; instead, 
abnormal external mechan ical or structural forces cause secondary d istortion or deformation.  
Tethering or constriction of l imb parts by anular bands in the constriction r ing syndrome is a prime 
example. The occurrence rate is very low. 

3 .  In the disruption sequence the normal fetus or embryo is subjected to t i ssue breakdown or 
injury, which may be vascular, infectious, mechanical, or metabolic in origin. The hand deformit ies 
associated with maternal ingestion of thalidomide or alcohol are good examples. 

Often the patient's problem cannot be explained by a single ini t iating factor. When the cause of 
a defect is  unknown, the term malformation is preferred. Mult iple defects are usually referred to as 
a malformation syndrome. 

12. \Vhat is the relative incidence of congenital hand duplications? How are they cl inically 
classified? 

Duplications are the most common anomalies in all large series. They are classi fied by their po
s i t ion within the hand as preaxial (radial ) ,  central and postaxial (u lnar). In the U.S .  dupl ication i s  
most prevalent among African-Americans, who have an  extremely dominant inheritance pattern with 
a frequency of I in 300 l ive births and a predilection for the postaxial border of the hand. In contrast, 
Caucasians and Asians primari ly  have preaxial dupl ication at a rate of  I in 3000 l ive births. (See 
question 2 . )  

Preaxial thumb duplications are classified into six categories by the level of the dupl ications. 
Type II at the interphalangeal ( IP) joint and type IV at the metaphalangeal (MP)  joint are the most 
common. The more proximal varieties, type V at the thumb metacarpal level and type VI at the CMC 
joint level, are uncommon. Additional designations are made if there is an extra phalanx (delta pha
lanx) or a triphalangeal partner ( type VI I ) .  Triphalangeal thumbs are unusual and wel l  beyond the 
experience of most residents. 

n m 

Class ification of thumb dupl icat ions based on the level of dupl ication. Type V I I  describes the triphalangeal 
thumb. (From Upton J :  Congenital anomalies. ln Jurkiewicz M, Krizek TJ, Mathes SJ, Ariyan S (eds) :  P lastic 
Surgery: Principles and Practice. St .  Louis, Mosby. 1 990, p 573, with permission.) 

Central duplications are unusual and account for less than 1 0% of a l l  dupl ications; they have 
no systematic c l in ical classi fication system. Because central dupl ications are often associated with 
webbing, the term synpolydactyly is used. 
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Postaxial duplications of the fifth ray are divided into three categories. Type I is characterized 
by a soft tissue nubbin with a skin bridge. Skeletal connections are present in type I l .  and a complete 
dupl ication of the entire ray is seen in type ill. Most cases are type I. 

B c 

Class i fication of polyclactyly (postax i a l )  
demonstrates d ig i ts w i t h  ( A )  no  skeletal a t 
tachment (type I ) ,  (8)  skeletal connections 
(type I I ) ,  and (C) complete duplication of the 
ent i re ray, including the metacarpal bone 
(type I l l) . (From Upton J: Congeni tal anom
al ies of the hand and forearm. In McCarthy 
JG, May J,  Littler JW (eels) :  Plastic Surgery. 
Phi ladelphia, W.B. Saunders, 1 990, p 5345, 
with permission. )  

1 3 .  Is  any special work-up needed in newborns with a duplication? 
In most cases, no. Thumb dupl ications may have a positive inheritance pattern and are common 

in Caucasian and Asian populations, whereas fifth finger dupl ications are extremely common in 
Afro-Americans and Native American populations. When the opposite is seen, a work-up is in order. 
Over 30 syndromes are associated with postaxial dupl ications, primari l y  in non-Afro-American 
populations. Conversely, an Afro-American with thumb dupl ication and negative fami ly  h istory may 
have a syndrome such as fetal alcohol syndrome. Referral to a geneticist is  in order. 

14. How do you treat a newborn in the nursery with a type I floppy nubbin attached to the 
fifth finger? 

Pediatricians l ike to "tie them off' with a suture. Type I duplications with large skin bridges often 
do not fal l  off. Many such chi ldren present to the dermatologist 8 years later with a bump at the site of 
dupl ication, which is misdiagnosed as a wart. The "wart" does not respond to application of a triple 
acid ointment or solut ion. This lump is a cart i laginous remnant or scar. S imple exci ion and closure 
with one or two sutures under local anesthesia in the newborn nursery is a more appropriate option. 

1 5. Which side of a thumb duplication should be preserved? 
The correct answer depends on which thumb has the better parts. In most patients the radial of 

the two partners is the more hypoplastic and is ablated. In some more proximal type V and type V I  
varieties a t  the metacarpal level, the distal portion of the ulnar partner is  transposed o n  top of  the 
proximal portion of the radial partner. 

1 6. What are the basic principles of thumb duplication correction? 
1 .  Create the best possible thumb by using the best parts of each partner. 
2 .  Preserve an intact u lnar collateral l igament at the MP joint level . 
3 .  Reattach al l  thenar intrinsic muscles. 
4. Release a tight thumb index web space (Four-flap Z-plasty is most commonly used.) 
S. Preserve as much mobi lity as possible and preferably have motion at at least two of the three 

(CMC, MP, IP) joints. 

1 7. What do you tell parents after a thumb duplication correction? Will  the thumb be normal? 
No. Most large series are incomplete and do not include critical long-term outcomes. What you 

see initially is what you get later. The reconstructed thumbs are usually smaller and less mobi le than 
the normal s ide .  Thenar muscles, especial ly the abductor pollicis brevis and flexor pol lic i s  brevis ,  
may be weak. Metacarpophalangeal joint instability or stiffness may occur after a col lateral l igament 
reconstruct ion. A bulge on the radial s ide of the metacarpal in a type IV thumb represents a b i fi d  
metacarpal head that was not excised. The proximal type V and VI thumbs are never normal postop
eratively, do not have normal intrinsic muscles, have short metacarpals, and commonly have inade
quate extrinsic extensor and flexor tendon excursion. 
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1 8. What are the genetics and incidence of the constriction ring syndrome (CRS)? 
There is  no positive inheritance in CRS. The incidence is less than I 0% in large reported series 

of congenital hand malfomrntions. The cause is  related to an in utero deformation in which strands 
of the inner layer of the chorionic sac detach and wrap around parts of the fetus, usual l y  fingers and 
toes. There are many examples of monozygotic twins with only one partner affected. 

1 9. What anatomic features distinguish CRS from other congenital anomalies of the upper limb? 
The anatomy proximal to the level of deformation or in utero injury is  completely normal. For 

this reason, toe transfers for thumb and digital reconstruction are much more predictable. 
Unfortunately, many severely affected children have no toes to transfer. 

20. What other terms have been used to desnibe CRS? 
Many terms have been used to describe the cl in ical features seen in CRS: 
Acrosyndactyly refers to digits joined together at the tips and creating the appearance of a peak 

(Greek: aero = peak). 
Anular band is  a ring around a body part; constriction ring is  the preferred term to describe 

the same phenomenon. 
Fenestrated syndactyly refers to the sinuses at the base of the webbed digits. At the time of is

chemic insult caused by the constricting band, the separation of the digit via programmed cell death 
has started. Although the webbing recurs as a result of the distal in flammatory process, the separa
tion may persist and presents as a dorsal-to-palmar epithe l ial- l ined sinus that can be eas i ly  probed. 
The actual level of the sinuses is  always distal to the level of the normal commissure. 

Placental bands and amniotic bands refer to the strands that wrap around body parts. At birth, 
desiccated strands wrapped around digits represent the loose strands of the chorionic sac that have 
separated and become entangled around fingers, toes, and other body parts. 

Congenital amputations refer to transverse loss of t i ssue or fai lure of formation . They are 
commonly seen in CRS but are not exclusive to it .  

This condition has been around for a long time and has been confused in past and recent l itera
ture. The term constriction ring syndrome has been adopted by the American Society for Surgery 
of the Hand (ASSH) and the International Federat ion of Societies of Surgery of the Hand ( IFSSH).  

21 .  What is a constriction ring or anular ( ring) band? 
The constricting ring acts as a tourniquet around the developing digit, toe, or other body pa1t and re

sults in a soft tissue depression beneath the skin. The ring may be superficial or deep, extending into the 
periosteum; it may extend completely or partially around the circumference of the part. Most digital 
rings are deep dorsally and extend only partially around the palmar surface. However, this explanation 
does not account for the frequent association of cleft l ip/palate and club feet with CRS. The clefts are 
often wide lateral clefts that result in a monstrous cl inical appearance. It has been postulated that wide 
bands or aprons of paitially separated sac obstruct the fusion of the lateral lip with the prolabial segment. 

22. How is CRS treated? 
In the past, surgeons performed simple Z-plasties that did nothing more than leave the mark of 

the infamous cowboy Zorro on operated hands. After excision of the scarred constriction ring i t  is 
necessary to advance flaps of fat and fascia! tissue across the depression to correct the contour defor
mi ty. Straight- l ine dorsal incisions are preferred to Z-plasties; they are conveniently p laced along the 
less v isible sides of the digit .  

23. Why are transverse absences associated with CRS ideal for toe-to-thumb transfers'? 
CRS is the only congenital anomaly in which the anatomy proximal to the level of complete or 

partial loss is completely normal. ln other conditions, intrinsic and extrinsic muscle and neural and 
vascular anatomy may be anomalous. 

24. What does symphalangism mean? What are the more common clinical presentations? 
Symphalangism (Greek: sym = together, phalanx = bone) refers to phalanges that are fused be

cause of a fai lure of segmentation or incomplete segmentation with cavitation. More than 1 5  cl inical 
conditions are associated with these stiff, often short and slender digits. The most important cl inical 
sign is  the Jack of a flex ion crease. There are three general categories of symphalangism: 
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1. True symphalangism demonstrates digits of normal length, positive inheritance, fusion of 
one or more digits, PlP involvement (common), and long, slender fingers. 

2. Symbrachydactyly demonstrates all variations of short digits with and without varying de
grees of webbing. Formerly many affected hands were classified as atypical  cleft hands. DIP and 
PIP joints are commonly fused. 

3 .  Syndromic symphalangism is most commonly seen in the A pert and Poland syndromes. In  
both the central three rays are most commonly involved. Some degree of  digital fu  ion may be seen 
in the other acrocephalosyndactyly (ACS) syndromes. In neither of these conditions are the M P  
joints involved. 

25. How is symphalangism treated? 
The st iff fingers w i l l  always be sti ff. Angulation and especial ly rotation should be corrected 

early in l i fe without damage to growth centers. 

26. In what position should PIP joints be fused? 
Index finger, I 0°; middle finger, 25-30°; ring finger, 40°; and small finger, 45-50°. 

27. How can lP joints be reconstructed? 
Many methods have been tried; none is satisfactory. Examples include: 
• S i l icone caps and spacers 
• S i l icone implants with stems into the medullary canals 
• Perichondrial resurfacing 
• Incision of early cartilage bridges followed by early motion 
• Osteointegrated implants (this teclmique has promise for the future) 
• M icrovascular second-toe joint transfer 
Al l  of these reconstructions have their advantages and disadvantages. In children it is preferable 

to use autogenous materi als to avoid the secondary disadvantages of incompatible biomateria ls .  
Perichondrial resurfacing at  the MP and PIP levels results in fibrocartilage and s t iff joints. Early re
lease and continued motion result in floppy digits that ultimately become stiff. Osteointegrated con
cepts have not yet been used in chi ldren but may have promise. M icrovascu lar defects are 
labor- intensive and biologically make the most sense. The balance of the thin intrin ic and extrinsic 
extensor mechanism is never maintained. 

28. What is the difference between clinodactyly and camptodactyly? 
Clinodactyly (Greek: clino = deviated, dacty/os = digit) refers to a digit or thumb that is  deviated 

in a radioulnar or mediolateral direction. An inward (radial) deviation of the fifth digit is most com
monly seen and in fact is  so often associated with various other types of congenital hand anomalies 
that it represents "background noise" and gives no specific indication of one condition over another. 

Camptodactyly (Greek: campto = bent, dacty/os = digit) refers to a flexion deformity of a digit 
or thumb in an anteroposterior plane. This deformi ty also commonly involves the PIP joint of the 
fifth finger and is seen in  two distinct age groups: infants and adolescent girls .  

29. What is the main anatomic problem in camptodactyly? 
As the digit develops in the fetus or infant or as i t  continues to grow in the young chi ld and ado

lescent, the balance of flexion and extension forces at each joint is quite precise. More than 20 ab
normal origins and particularly insertions of the intrinsic and extrinsic muscle tendon units within 
the hand have been described. The most common variations involve abnom1al distal insertions of the 
lumbrical and interosseous muscles within the digits, particularly on the u lnar side of the hand. Tight 
joint capsules, collateral l igaments, joint contractures, abnormal articulating surfaces, and prol ifera
tive fibrous bands (fibrous substrata) within the digit are more l ikely secondary and are not the pri
mary forces causing camptodactyly. 

30. What are the radiologic signs of congenital camptodactyly? 
A true lateral radiograph of the digit gives an indication about the duration of congenital camp

todactyly. Digits that have been flexed at the PIP joints for longer periods show the following: 
1 .  Flattening of the dorsal condylar surface of the proximal phalanx 
2.  Widened base of the middle phalanx 
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3. Flattening of the pal mar surface of the condyle 
4. Indentation within the surface of the middle phalanx 
5 .  Narrowed joint space 
The most important determining factor in joint formation is  motion. A joint that is  not moved 

early in l i fe wi l l  not have a rounded condyle and will demonstrate a flat articular surface. 

31 .  What are the indications for joint release in camptodactyly? 
Most joint contractures are treated successfully with stretching and spl inting. Few require surgi

cal release. Contractures of 1 5-50° usual ly have favorable outcomes. Adults and adolescents with 
longstanding contractures > 70° of flexion are best treated with arthrodesis. The results of soft tissue 
releases are inversely proportional to the severity of the contracture. Often init ial tight contractures 
can be improved with conscientious stretching but may need surgery later in chi ldhood to obtain ful l  
correction. Surgery may be  difficult and must be  followed by  a stTict stretching and night-splinting 
regimen. 

32. What is the differential diagnosis of bilateral tlexion deformities of the thumb? 
Trigger thumbs due to flexor tenosynovitis are the most common cause . Newborns and infants 

may demonstrate congenital absence of the extrinsic extensor ( EPL), a condition in which the thumb 
is adducted into the palm (commonly called "clasped thumb"). Congenital camptodactyly does not 
involve the thumb but should be considered with any flex ion deformity of a digit . More generalized 
musculoskeletal conditions, such as arthrogryposis and Freeman-Sheldon syndrome, also must be 
considered. 

33. When should a trigger thumb be released surgically? 
In chi ldren under 1 8  months of age spontaneous resolution may be seen within 6 months. After 

2 years of age ch i ldren with persistent locking develop compensatory hyperextension of the M P  
joint a s  the palmar plate is  stretched. This hyperextension may not correct itself with growth after the 
trigger is corrected. No additional surgery is indicated unless functional problems are present. Forget 
about approaching a young chi ld with a needle for a steroid injection in your office. This method 
wi l l  not work. Percutaneous needle releases have been described in older  patients but have l i t t le 
place in the treatment of young chi ldren, in whom surgical division of the A 1 pul ley is  indicated. 

34. What is the worst complication of a trigger release? 
The radial digital nerve to the thumb is easily severed with blind cutting in a proximal direction. 

35. What conditions should be considered in a child born with gross enlargement of a digit? 
Macrodactyly (Greek: makros = large, dacty/os = digit) and gigantism have been used to de

scribe enlarged digits and thumbs. Gigantism is preferred by some because i t  encompasses enlarge
ment of both soft tissues and skeletal elements. The clinician should consider: 

1 .  Neurofibromatosis (NF) 
2. Nerve territory-oriented l ipofibromatosis not associated with NF 
3 .  Multiple hereditary exostosis 
4. Proteus syndrome with hyperostotic lesions and overgrowth of phalanges 
5 .  Vascular malfo1mations, particularly venous, lymphatic, and mixed venous-lymphatic 
6. Hemihypertrophy of the l imb 
These unusual conditions should be refened to the pediatric hand specialist .  

36. What is the work-up for macrodactyly? 
These conditions are rare. Common sense dictates that the c l in ic ian obtain  radiographs, com

plete a thorough physical examination, and then hit the books. NF is suspected on cl inical examina
tion and has specific criteria. B iopsies are rarely necessary. Genetic analysis is avai lable. Vascular 
anomal ies are dist ingui shed by MRI .  Bone tumors often require biopsy. Hemihypertrophy is the 
most d ifficult and is often a diagnosis by exclusion. In this condit ion there i s  a h igh i nc idence of 
adrenal masses, which must be detected by u ltrasound. No one other than the pediatric hand special
ist has a detailed working knowledge of all of these conditions. It is  helpful to contact someone lo
cally or nationally with experience in treatment of each particular condition. 
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37. What is the difference between hemangioma and vascular malformation? 
During the past 1 0  years knowledge has increased exponentially. Mul l iken made the most sig

n i ficant contribution with his classification, which makes a clearcut distinction between the two on 
biologic grounds. Hemangiomas are vascular birthmarks that appear shortly after birth, undergo a 
period of rapid growth and prol i feration, and spontaneously involuce by age 7-9 ears. The endo
the l ia l  ce l l s  active ly pro l i ferate and create new vascular channels during the gr wth phase. The 
mechanism for involution is  unknown. Vascular malformations are biological ly quiescent lesions. 
They result from defective embryogenesis, are present at birth or recognized shortly after birth, and 
do not undergo a biphasic growth cycle l ike hemangiomas. The endothel ial ce l ls do not actively pro
l i ferate. Malformations are subgrouped according to cel l  types into capi l lary, venous, lymphatic, 
mixed venous-lymphatic, and arterial malformations. Arterial malformations include arteriovenous 
fistulas (AVFs) with active shunting between the arterial and venous sides of the circulation. 

38. Outline the five types of hypoplastic thumbs. 
Type 1 :  hypoplastic thumb with all joints present; median nerve-innervated intrinsic muscles 

present but hypoplastic; joints stable; function normal .  
Type 2: thumb skeleton more hypoplastic; joints intact with some collateral l igament instabil ity 

at the MP leve l ;  greater hypoplasia of median nerve-innervated intrinsic muscles: first web space 
often deficient. 

Type 3: thumb phalanges present but much smaller; increased col lateral l igament instab i l ity at 
the MP level; thenar intrinsic muscles small and weak; ulnar intrinsic muscles hypoplastic; extrinsic 
muscles hypoplastic; first web space very tight. Type 3A: metacarpal intact but small; intact CMC 
joint .  Type 38:  metacarpal incomplete: no CMC joint. 

Type 4: thumb and al l  of its components highly deficient; no skeletal connection to the rest of 
the hand; skin bridge only, constituting a floating thumb or "pouce floutant." 

Type 5: aplasia. 

39. What are the possible options for reconstruction of type 38 thumbs? 
The options are ( 1 )  staged osteoplastic reconstruction and (2) excis ion of the thumb and index 

poll icization. The second option is preferred by most pediatric hand special ists. S taged reconstruc
tion involves ( I )  prov is ion of skeletal cont inui ty with a standard bone graft or a microvascular 
second toe transfer, (2) creation of an adequate web space, and (3)  tendon transfers lo provide palmar 
abduction of the first ray as wel l  as MP and IP flexion and extension. 

40. What are the long-term functional l imitations of a well-performed pollicization procedure? 
Such thumbs are never normal. Grip and pinch maneuvers involving the thumb are always defi

cient. Results fal l  into two basic groups: ( J )  complete or partial rad iu deficiency and (2) normal 
radius and preoperative range of motion. The second group has pred ictably better outcomes because 
extrinsic flexor and extensor muscles as well as intrinsic muscles to the index ray are normal. A stiff 
index finger preoperat ively wil l  become a very st iff thumb. 

41 .  Describe the hand in patients with Apert syndrome. 
Apert syndrome (acrocephalosyndactyly) is  common only in craniofacial c l in ics .  It occurs in 

more than I of 45 ,000 l ive births. Both hands have anantiomorphic (mirror image) deformities: 
• Short radial ly deviated thumb (radial cl inodactyly) 
• Deficient first web space 
• Complete, complex syndactyly involving the central three rays 
• S imple, complete syndactyly between the ring and fifth rays 

Three specific types of hand configurations have been described with varying degrees of severity. 
Additional skeletal anomalies include carpal coalit ions, a ring-fifth metacarpal synostosis, sympha
langism between the proximal and middle phalanges, and varying degrees of conjoined nai ls .  The 
hands are subclassified into three separate groups depending on the severity of skeletal coal i t ion. 

42. What is Poland syndrome? 
In  l 849 Alfred Poland, a student dissector in gross anatomy, described a cadaver with chest wall 

anomalies associated with a hypoplastic webbed hand. The i l lustration made by a friend did not in
clude the hand, but the head, neck, and thorax were depicted in detai l .  A century after this description 
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appeared i n  the  Guy 's  Hospi ta l  Reports .  Clarkson. the hospi tal hand surgeon, found the hand that 
had been preserved in the hospital  museum, redescribed the cond i t ion, and in t roduced the term 
Poland syndrome. The hand surgeon ·s defin i t ion incl udes ( I )  absence o f  the sternal head of the pec
toral is  major muscle ( the c lavicular head is  usual ly present ) .  (2 )  hypoplastic hand, and ( 3 )  brachy
syndactyly ( short .  webbed fingers ) .  We have fu rther descri bed the hand anomal ies  as a ffect ing 
primarily the central three rays of the hand. The four variations of severity range from least affected 
( hypoplastic but present index, long, and ring digits ) to the hand with no digi ts or thumb. 

43. How is the chest wall reconstructed in children with Poland syndrome'? 
Nothing is usually done in children. In  adolescents conspicuous deformi t ies can be reconstructed 

with correction of the pectus carinatum ( pigeon breast )  or pectus excavatum (caved-in ches t )  deform i
t ies, followed by a lat iss imus dorsi muscle trans fer to recreate the missing pectoral is  major muscle.  

44. What is the most persistent request of girls with Poland syndrome'? 
G ir ls request breast reconstruction. which i s  d i fferent from a s i mple augmentat ion or recon

struct ion after mastectomy. Expans ion and overexpans ion must be completed before final  im plant 
placement because the i ntegument, includ ing the areola, is  often highly deficient .  Subpectoral im
plants are preferred. but th is  muscle i s  ei ther deficient or absent. Lat iss imus transfer with submuscu
lar implants i s  then performed .  It is wise to wait until adulthood be fore doing a t ransverse rectus 
abdom inis  muscle (TRA M )  or free t i ssue transfer reconstruct ion. 

45. A child is born with impending gangrene of portions of one or both forearms. What cond i
tion does the child have'? What type of work-up is indicated'? 

Th i s  rare and often catastroph ic cond i t ion, ca l led cutis aplasia congenita, probably resu l t s  
from mechanical impingement or pressure on the upper l imbs. Usual ly the  forearms are caught be
tween the head or tru n k  and the pelvic brim. The cond i t ion is often associated with mul t iple b irths. 
Mothers o ften g i ve a h i story of lack of movement for one or more days befo re de l i very. Rout ine 
work-up,  inc lud ing blood tests and radiographs. is normal .  This cond i t ion can be v iewed as an in 
utero Volkman ·s contracture. 

46. What is Holt-Oram syndrome'? 
In the late 1 950s t wo pediatricians, work ing independent ly in the U n i ted S t ates and England, 

described the association between congenital /Ja11d a11011wlies and co11ge11i1C1/ heart defeC!s. The car
d iac anomalies vary greatly. but the hand malformat ions consist primari ly or some form of rad ia l  
dysp las ia .  I f  a surgeon has the opportun i ty to examine a large number o r  i n fants w i th congeni ta l  
heart defects, he or she wi l l  find many cases or minimal radial  dyspl as ias .  such as  hypoplastic thenar 
intrinsic muscles. Chi ldren with rad ial club hand or thumb hypoplasia or absence are not d i fficu l t  to 
d iagnose. 

47. What single operation is most beneficial for patients with a congenital hand anomaly'? 
Release of the first ( thumb-index ) web space. For m i ld-to-moderate deficiencies we prefer the 

four-flap  Z-plasty and for t ight ,  const ricted web spaces the d is ta l ly  based rad ia l  forearm flap or 
dorsal interosseous flap. Dorsal s l id ing flaps are not preferred because of the unsight ly. hyperpig
mented skin grafts in the donor region. However. they are popu lar in both orthopedic and plastic sur
gical l i terat ure because of the mobi l i ty  of the dorsal skin and the technical ease or the procedure. 

48. Describe the hand in a child with Freeman-Sheldon syndrome. 
The "whis t l ing face" syndrome presents with character is t ic  hand and fac ia l  anomal ies .  The 

hands are often narrow wi th prominent ulnar drift .  Incomplete. simple syndactyly and vary ing de
grees of PIP camptodactyly are often present. The first web space i s  usually t ight .  The descript ive 
term '·w indblown hand" is  often appl ied. Many other muscu loskeletal anomal ies, such as scol iosis, 
h ip  dysplasia,  and radial head d is location. may be present .  These chi ldren are not retarded mental ly. 

49. A child presents with a swollen hand and forearm and an associated neck mass diagnosed as 
a "cystic hygroma." What is the underlying )Jathophysiology'? 

Cystic hygroma describes a lymphatic malformation in the head and neck region. The upper l imb 
as well as mediast inum also may be involved. In  the hand and forearm the interconnecting lymphatic 
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channels  may be much smaller. The s ize of the l imb may be qui te large, grotesque on occasion. 
Besides the symptoms related to bulk and increased weight, many children develop high fevers re
l ated to episodic beta streptococcal infections, which usually originate in the cutaneous vesicles 
often found in lymphatic lesions. Skeletal enlargement may be present but is  not a hallmark of  these 
macrodactyl ies, which are difficult to treat. Staged aggressive debulking is the treatment of choice 
once conservative measures and compression garments have fai led. 

50. What is the difference between a typical and atypical cleft hand? 
They are completely different. A typicaJ cleft hand has the fol lowing characteri tics: bilaterality, 

positive inheritance, foot involvement, V-shaped cleft, and syndactyly (common). A portion or all of 
die middle ray is commonly missing. It is often called simply a cleft hand. The atypical cleft refers to 
a unilateral anomaly that is nonfami lial and has a U-shaped cleft with no foot involvement. Small nub
bins often represent rudimentary digits. This condition often has been called "lobster claw hand."' After 
much discussion at various international meetings, the committees for the study of congenital anom
alies of the hand recommend that "atypical cleft hand" be officially classified as symbrachydactyly. 

5 1 .  Describe the upper l imb in a child with severe arthrogryposis multiplex congenita. 
Arthrogryposis, a syndrome of unknown etiology, is always present at binh and manifests widi per

sistent joint contrnctures. It is classified into myopathic and neurogenic fonns. The bottom l ine is that 
the muscles do not function. The upper l imb appearance is unmistakable. The shoulders are thin and 
held in adduction and internal rotation. The elbows are extended, and the foreanns are usually held in a 
semi flexed pronated position. Some elbow passive range of motion may be present. ln severe cases die 
wrist is held in flexion and ulnar deviation, and the thumb is tightly adducted into the palm. The digits 
are flexed and ulnarly deviated at the MP joints. The skin may be atrophied and waxy. Skin dimples dor
sally and flex ion creases on the pal mar surfaces signify mobile joint spaces. The lower extremities are 
more frequently involved than the upper. 
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1 08 .  D U PUYTRE N 'S DISEAS E 

Robert M .  McFa rla ne, M . D . ,  F. R .C . S . ( C ) , and Douglas C .  Ross , M . D . ,  F R .C .S  ( C )  

1 .  What is the cause of Oupuytren 's disease (OD)? 
DD is a fami l ial disease and until recently was considered to be a genetic disease due to a s ingle 

dominant gene of variable penetrance. The cause is probably multi factorial, involvi g more than one 
gene as wel l  as environmental factors. 

2. What diseases are associated with DD? 
I .  Diabetes mellitus. About 5% of people with DD are diabetic (type l or I I) .  The frequency of 

DD in diabetic patients increases with age and duration of diabetes. For instance, at 20 years' dura
tion, 67% of diabetic patients have DD, although the disease is  mi ld and rarely requires treatment. 
Pat ients also have a type of finger joint contracture cal led l imi ted joint mobil ity. which prevents 
them from fully extending the fingers. The explanation for the association between DD and d iabetes 
is unknown. 
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2. Seizure disorders. The incidence of epi lepsy is 1 .5% in the general population and 3 .0% in 
people with DD. There are two conflicting explanations: ( 1 )  genetic l inkage and (2) the theory that 
DD is caused by long-term barbiturate medication. 

3. Chronic alcoholism. The prevalence of DD varies, but severe alcoholics often have severe DD. 
Despite frequent statements to the contrary, DD is not due to l iver disease. The association is related to 
the volume of alcohol consumed and the age of the patient. There also may be a genetic predisposition. 

3. Is DD related to work or injury? 
Despite many attempts to answer this question, no study is conc lusive .  Patients often attribute 

their disease to some work pattern, whether they are manual or sedentary workers. Some studies report 
an increase of DD in heavy manual workers, whereas several others have found no greater incidence. 
Recent reports suggest an association with vibration injury, but the figures are not significant. The as
sociation of DD with acute injury is a separate problem. Several reports, most of which are anecdotal 
and involve one or two cases, relate the onset of DD to a fracture, penetrating wound, or laceration of 
the hand. The suggested causes are swell ing and immobil ization in a genetically predisposed person. 

4. What are the risk factors for developing DD? 
Because DD is a fami l ial disease, the chance that a child will develop DD depends on the clin ical 

features possessed by the parent, which were described by Hueston as "diathesis factors." The presence 
of one or more of these factors increases the chance that other members of the family may develop DD: 

1 .  Positive h istory in first- or second-degree relative 
2.  Presence of ectopic deposits-Dupuytren 's tissue that appears beyond the pal mar surface of 

the hand. The usual s i tes are knuckle pads over the dorsum of the PIP joints, plantar fibromatosis ,  
and penile fibromatosis (Peyronie's disease). 

3. Early age of onset of disease (before 40 years) 
4. Presence of severe bilateral disease, especially involving the radial side of the hand 
The examiner should determine the presence or absence of each factor in every patient. 

Diathesis factors are not only of prognostic value; they are also essential in planning treatment. 

5. Does the diseased tissue exhibit specific patterns? 
Yes. The diseased fascia is not laid down haphazardly but in certain components of the normal 

palmar fascia: 
1 .  The pretendinous bands of the palmar aponeurosis become the pretendinous cords (normal 

fascia is  bandlike, whereas diseased fascia is cordl ike). 
2. The natatory l igament becomes the natatory cord. 
3. The termination of the transverse fibers of the palmar aponeurosis attach to the skin at the 

metaphalangeal (MP) joint of the thumb. [n the fingers, the subcutaneous tissue between the neurovas
cular bundles becomes the central cord; the spiral, lateral, and retrovascular bands also become cords. 

neuro
vascular 
bundle spiral 

band 

The normal parts of the 
pal mar ( leji) and d ig i
tal  (righ1) fasc ia  that 
become diseased. 



556 Dupuytren's Disease 

6. Which fascia causes the various tlexion contractures in the hand? 
I .  MP joill l  contracture is caused only by the pretendinous cord, which attaches to the skin and 

tendon sheath distal to the MP joint .  
2 .  The proximal  i nterphalangeal ( PIP)  joint i s  contracted most often by the central cord, fol

lowed, i n  descending order, by the spiral cord and lateral cord. A l l  three cords att ch to the base of 
the m iddle phalanx and may be involved alone or together. 

3 .  Contracture of the d i stal  in terphal angeal ( D I P) joint  is uncommon . I t  is caused by t he 

retrovascular and, to some extent, the lateral cord because both cords attach to the d istal phalanx. 
4. The natatory cord contracts the web space from s ide to s ide and prevents the fingers from 

separating. 
5 .  The M P  joint of the thumb is  contracted by the pretendinous cord but usually by no more than 

30° because the cord is  not wel l  developed. The disabl ing deform ity of  the thumb is  an adduction con

tracture caused by the natatory cord and termination of the transverse fibers of the p< mar aponeurosis .  

7. By what mechanism is the neurovascular bundle displaced'? 
An understanding of the mechanism is important to avoid digi ta l  nerve injury duri ng surgery. 

The spira l  cord passes deep to the neurovascular bundle to reach the side of the finger. It  then passes 
superficial to the bund le to reach the base of the middle phalanx, where it  attaches. In other words, it 
spirals around the neurovascular bundle. As the spiral cord shortens, the bundle i drawn toward the 
midl ine of  the finger, where i t  may be cut inadvertently. 

The components of the spiral cord (A )  and the mechanism by which 
the neurovascular bundle is displaced toward the midl ine of the linger 
(8) .  I - pretendinous band, 2 = spiral band. 3 = lateral digital sheet. 
4 = Grayson's l igament. 

8. To which group of diseases does DD belong? How are they classified? 
DD is one of the fibromatoses, a group of nonmetastasizing tumors that tend to invade loca l ly  

and to  recur after surgical excision. According to  A l len ( 1 977) and Enziger and eiss ( 1 983). they 
are c lass i fied as fol lows: 
Infantile- I I types 
Adult 

I .  S uperficial  ( fascia! ) :  Dupuytren 's disease 
I .  Palmar fibromatosis 
2 .  Knuckle pads 
3. Plantar fibromatosis  
4. Pen i le fibromatosis 

1 1 .  Deep ( muscu loaponeurot ic ) : desmoid t umors 
I .  Extraabdominal 
2. Abdom inal 
3 .  l nt raabdominal :  pelvic, mesenteric. 

Gardner's syndrome 

9. What are the histologic features of the nodules of OD? 
The c l in ical ly apparent nodule is  composed of a number of smaller nodules that are nonencap

su lated but surrounded by connect ive t issue and col lagen bund les.  The predominant ce l l  i s  the fi
broblast .  Early in the d isease the cel ls are spindle-shaped perivascular fibrobla t s .  Later, when 
cont racture i s  apparent ,  the cel ls  are more c losely packed and col lagen product ion i s  evident .  
U l t rastructurally, the predomi nant cel l  is  the myofibroblast, which comains myofibri ls ( actomyosin)  
in  the cytoplasm; cel l-to-ce l l  attachments are also apparent. The nucle i  have deep i ndentations that 
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indicate contracture. Special stains show many new blood vessels .  In the late stages of the disease, 
the nodules disappear, and the few cells in the cords are inactive fibroblasts or fibrocytes. 

10. What is the role of the myofibroblasf? 
Because of its electronmicroscopic appearance, contracti le properties in t i ssue cul ture, and the 

presence of alpha-smooth muscle act in in the cytoplasm, the myofibroblast is assumed to have a 
contract i le function as well  as the abi l i ty  to produce col lagen. As new col lagen is produced, the 
tissue is  shortened by action of the myofibroblast. The result is  joint contracture. 

1 1 .  What is different about the collagen of normal fascia and Dupuytren's tissue'? 
Almost all of the col lagen in normal fascia is type I ,  whereas about 25% of the col lagen in 

Dupuytren 's specimens is  type 3 .  

1 2 .  Where are nodules usually located'? 
Nodules are usual ly just distal or just proximal to the distal crease of the palm, in l ine with the 

ring and/or small finger. They also appear at the base of the small finger and the MP crease of the 
thumb. However, they may occur anywhere on the volar Slllface of the palm or digits. 

13. What cl inical features and other conditions should be considered in  the differential diag
nosis of DD'? 

The location of the nodule is almost diagnostic. It is  firm and adherent to skin. It does not move 
with finger flex ion or extension, and the skin over the proximal segment of the finger wi l l  blanch on 
hyperextension of the MP joint .  Examine the other hand for nodu les, the clorsum of the fingers for 
knuckle pads, and the feet for plantar nodules. All of these findings are signs of DD. 

Other lumps should be easily di fferentiated. A ganglion at the base of the finger is smal l .  spheri
cal, mobile, and tender to palpation. An inclusion cyst or benign tumor is mobile and not adherent to 
the skin. Epithelioid sarcoma is  a rare condition that mimics the nodule of DD. If the diagnosis is in 
doubt, a biopsy is indicated after further consultation. PIP joint contractures are commonly misdiag
nosed as DD. Camptodactyly is usual ly noted by the age of 1 2  years in one or both small fingers. No 
nodules or cords are present, although the skin on the ulnar side of the proximal segment of the finger 
becomes tight with PIP extension. The PIP joint contracture may be fixed or passively co1Tectable. In 
some cases of trigger finger, the patient cannot correct the PIP joint flex ion. Prior triggering and pain 
should rule out DD. Other flex ion contractures that can be di fferentiated by the absence of nodules 
are the lack of PIP joint extension often seen in diabetic patients, called l imited joint mobility, and 
contractures clue to trauma or arthritis. Finger contractures in the elderly simulate DD. All fingers 
are involved and flexed at both MP and PIP joints. The flexor tendons in the palm are prominent, and 
the contractures are not correctable. Finally, nodular thickening in the palm is a feature of reflex sym
pathetic dystrophy. The nodules are neither as discrete nor as large as DD nodules, but they are often 
diagnosed as DD. Histologically they are fibrosis rather than fibromatosis. 

14. Is there a role for nonoperative treatment'? 
Yes, but at present i t  is  l im ited. The only modality that has persisted over the years is  steroid in

jections into the nodule .  Ketchum bel ieves that repeated injections wi l l  re l ieve pain and delay or 
sometimes stop the progress of the disease. He also advocates steroid injections for painful knuckle 
pads and plantar nodules. To date, attempts to weaken or disrupt contracted cords with collagenolytic 
agents, various drugs, stretching, ultrasound, and x-rays have not been successfu l .  Future efforts are 
l ikely to include interferon and substances that affect growth factors. 

15. What are the indications for OfJerative treatment'? 
There are no absolute or urgent indications for surgery, but 30° of tlexion contrnction at the MP or 

PIP joint is  a nuisance and indicates the extent of disease and the likel ihood of progression. Many pa
tients are seen soon after they notice a nodule in the palm, because it is painful or they are concerned 
that it may be malignant. An explanation of the nature of DD usually al lays their concern. If the pain 
persists, one or two steroid injections may help. Excision of a nodule is  not satisfactory because the 
thickening of the fascia and the scarring of the operation may worsen the condition. If it is necessary to 
excise a nodule for diagnosis or pain, a generous excision of the surrounding fascia is advised. 



558 Dupuytren's D isease 

16. What are the goals of surgery? 
The goals are different at each joint. At the MP joint the surgeon should be able to completely 

correct the contracture regardless of its severity and assure the patient that the contracture wi l l  not 
recur. At the PIP joint the surgeon should forewarn the patient that joint  contracture may not be 
ful l y  corrected. The residual contracture may be as much as 40°, depending on the severity of the 
original contracture. There is also the l ikelihood that the residual contracture wi l l  worsen. 

1 7. What are the options in  designing an operation for DD? 
By considering the three following steps separately, the operat ion can be individual ized: 
1 .  Skin  incision. Exposure may be longitudinal ( l i near, zig-zag, lazy S) or transverse. If a 

single ray is involved, a longitudinal incision from the proximal palm to beyond the diseased fascia 
in the finger permits exposure of both the fascia and the neurovascular bundles. If the disease is 
more widespread in the palm, a transverse incision provides good exposure. Separate longitudinal 
incisions may be made in the involved fingers to join the palmar incision if necessary. 

2. Management of the diseased fascia. The diseased fascia may be incised (fasciotomy) or ex
cised local ly or widely (regional or extensive fasciectomy). Subcutaneous or open fasciotomy has 
been advocated for old and debi l itated patients, but it is an incomplete operation that either fai ls  to 
correct the contracture or results i n  temporary improvement. A more definit ive operation is a re
gional fasciectomy in which only the diseased fascia i s  removed. It is the usual procedure in the 
palm to correct MP joint contracture. However, because as many as four cords may be involved in a 
PIP joint contracture, a more extensive operation is often required in the finger. The diseased as well 
as the potentially diseased tissue is excised by extensive fasciectomy. 

3. Treatment of the wound. The wound may be sutured, left open, or skin-grafted. Usually the 
wound is c losed in both palm and finger procedures. In the finger, longitudinal incisions are length
ened and appropriately oriented by the use of Z-plasty. Closure of a transverse wound in the palm cre
ates a dead space where the fascia was excised, and a hematoma is l ikely. A hematoma can be avoided 
to some extent by suction drainage, but a more reliable method is to leave the wound open and let it 
heal by second intention ( McCash teclmique). Healing requires 4-6 weeks, depending on the width of 
the wound. This procedure is contrary to surgical principles, but it is a justifiable exception. 

18. What is the rationale for using skin grafts? What are the indications? 
Hueston made the empirical observation that Dupuytren 's t issue does not grow under a ful l 

thickness skin graft. Therefore, ful l-thickness skin grafts are recommended for patients in whom re
currence is l ikely, including ( l )  patients with an increased diathesis, (2) patients with recurrent PIP 
joint contracture, and (3)  patients with primary, severe PIP joint contracture. The pr cedure is cal led 
a dermofasciectomy. The diseased fascia is excised, after which areas of skin are excised, usual l y  
near the P IP  joint, and the defects are covered by  fuL l-thickness skin grafts. 

19.  What is the difference between extension and recurrence? 
Extension refers to postoperative appearance of disease in an area of the hand not involved in 

the surgery. Recurrence refers to the postoperative appearance of disease in the area of previous 
surgery. I f  follow-up is long enough ( I  0-20 years), v irtually all patients have one or both. However, 
no more than 1 0- 1 5% wi l l  have enough joint contracture to justify reoperation. 

20. What are the complications of surgery? 
l .  During surgery, divis ion of digital arteries and nerves and inadequate excision of fascia are 

often due to poor planning of incisions, inadequate hemostasis, and fai lure to use magnification. 
2 .  Hematoma, skin necrosis, and infection usually occur in sequence and are due to inappropri

ate undennining of skin and lack of hemostasis. 
3. Joint stiffness is due primarily to the above complications and i worsened by inappropriate 

splinting and therapy. 
4. Reflex sympathetic dystrophy is usually idiopathic, but statistically it occur more frequently 

after an extensive operation or after one of the above complications. It occurs after 3% of operations 
in  men and 7% of operations in women. 

5 .  Uncorrected or early recurrent joint contracture (seen more frequently at the PIP joint) i s  due 
to inadequate fascia! excision. 
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21. How are patients managed postoperatively? 
The affected fingers are usually spl inted in extension in the operating room. The surgeon is re

sponsible for wound care, but ideally a therapist should see the patient within the first week to begin 
exercises and to fashion an appropriate splint. Spl inting techniques vary, depending on whether sur
gical release involved the MP or P IP  joint or whether an open palm technique was used. MP joint 
contractures do not requ ire spl int ing if  ful l  extension is  maintained with therapy alone. However, 
with an open palm procedure, the MP joint should be spl inted in extension until the wound is closed. 
PIP joints require 6 weeks of full-time splinting and at least 3 months of nighttime splinting to pre
vent flexion contractures secondary to scar tissue. 
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1 09 .  STE N OSI N G  TEN OSYNOVITIS 

Richard J .  Wasserma n n ,  M D ,  M P H  , a nd Dan iel P G reenwa ld , M . D . 

1. Describe the two basic categories of tenosynovitis. 
The nonspeci fic inflammatory group is most closely assoc iated with overuse or repet i t ive 

trauma syndromes and contains the subset of stenosing Jenosynovit is .  The second major category 
has an infectious etiology and may be suppurative or nonsuppurative. 

2. The dominant hand is more commonly involved in flexor and extensor tenosynovitis. True 
or false? 

True. The dominant hand is more common ly involved in cases of tenosynov it is ,  giving cre
dence to the overuse/repetitive trauma theory of etiology. Tenosynovit is affects females more than 
males, which may highl ight honnonal and anatomic differences as wel l  as the arthridites as causes. 

3. What conditions or physiologic states are associated with stenosing tenosynovitis? 
Rheumatoid <u·thritis, osteoarthritis, pregnancy, diabetes, hypothyroidism, end-stage renal disease. 

4. Trigger digits in adults are most commonly a result of what condition? 
A nonspecific process resulting in the prol iferation of flexor tenosynov ium, which restricts entry 

to the fibroosseous canal at the level of the A 1 pulley. 
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5. What other causes should be considered in the differential diagnosis of digital triggering? 
Foreign body, ganglion of the tendon sheath (sesamoid ganglion), fibromas, giant cel l  tumors of 

the tendon sheath, onchronotic pigment, chondrometaplasia, true locking of the metacarpophalangeal 
joint, de Quervain 's tenosynovitis, flex or tendon restriction at the second anular pulley (A2), and par
tial flexor tendon lacerat ion. 

6. What are the options for treatment of stenosing flexor tenosynovitis? 
Although the injection of aqueous steroid into the tendon sheath at the level of lhe A 1 pul ley re

mains the mainstay of initial treatment, percutaneous release in the office has yielded excellent long
term results. Patel et al. studied 225 percutaneous releases with and without steroid injection. They 
repo11ed relief of triggering and pain in an average of 8 weeks for 89% of the group treated with percu
taneous release alone, and 96% of patients were symptom-free in an average of 6 weeks in the percuta
neous release and steroid group. Turowski et al. demonstrated a 97% cure rate for operative release and 
reported no major complications. They recommend the open approach for patients seeking quick and 
definitive relief. Only open surgical release is recommended for treatment of the congenital trigger digit. 

7. What is the common presentation of congenital flexor tenosynovitis'? 
A painless digit flexed in a fixed position in an infant or child constitutes the most common cl in

ical scenario. Most patients present after 6 months of age. The thumb is most commonly involved, 
and approximately 25% of cases are b i lateral .  Females are more frequently affected than males.  
Most cases are sporadic and nonfam il ial ,  although several cases have been observed in twins.  
Abnormal sesamoid bones and inherent tendon abnormalities have been suggested as causative fac
tors. The powerful grasping reflex and the tendency for in fants to hyperflex the thumb in terpha
langeal joint also may be contributing factors. 

8. In patients with constant triggering on active range of motion of the middle finger, how do 
you grade the severity of stenosing tenosynovitis in the digits? How do you calculate total 
hand, upper extremity, and total person impairment? 

Stenosing tenosynov it is is  graded as mild, moderate, or severe. The fol lowing table correlates 
the cl inical findings with percent of digit impairment. 

Grade Cli11ical Fi11dings % Digiwl /111pain11e111 

Mild 
Moderale 
Severe 

Inconstant triggering on active range of motion 
Cons1an1 lriggering on ac1ive range of molion 
Constalll Iriggering on passive range of motion 

20 

40 

60 

Adapied from Swanson A B .  Mays J D .  Yamauci Y: A rheumaloicl evaluation record for 1he upper extremi1y. Surg Cl in 
orth Am 48: 1 003- 1 0 1 3. 1 968. 

This value is then mult ipl ied by the contribution of each from the following table. 

% /111pair111e111 

U11i1s and .loillls U11i1 /-land Upper E.r1re111i1y Whole Person 

Ent ire hand 1 00 90 54 

Thumb 1 00 40 36 22 

Carpometacarpal joint 75 30 27 1 6  

Metaphalangeal joinl I O 4 4 2 

l nterphalangeal joint 1 5  6 5 3 
Index and middle fingers 

Ent i re digi t  1 00 20 1 8  1 1  

Metaphalangeal joint 1 00 20 1 8  1 1  

Proximal interphalangeal joint 80 1 6  1 4  8 

Distal illlerphalangeal joint 45 9 8 5 

Ring and l i ttle fingers 
Entire digi t  1 00 I O  9 5 

Metaphalangeal joint J OO I O  9 5 

Proximal interphalangeal joint 80 8 7 4 

Distal interphalangeal joint 45 4 4 2 

Adapted from Swanson AB,  deG root Swanson G: Principles and methods of impa i rmenl evalua1ion of the hand and upper 
extremity. J n  Guides to the Evalua1ion of Permanenl Jmpairmenl. 41h ed. Ch icago. American Medical Association. 1 994. 
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The calculation i s  performed as follows: 0.4 x 1 1  = 4.4% whole body impairment. 0 .4 x 1 8  = 

7.2% upper extremity impairment, and 0.4 x 20 = 5% hand impairment . This disabi l i ty fal ls  under 
the musculotendinous category of impairments. It is the physic ian·s responsibi l i ty to provide a med
ical evaluation of impairment, not a rating of disabi l i ty. 

9. How can tenosynovitis of the first dorsal compartment, also known as de Quervain's dis
ease, be distinguished from arthritis of the first carpometacarpal (CMC) joint? 

Physical examination reveals a positive grind test, abduction test, and adduction test in the case 
of CMC arthritis compared with local ized tenderness over the first dorsal compartment and a posi
t ive Finkelste in 's test in the case of de Quervain's di sease. Radiographic examination reveals de
struction of the articular surface of the first CMC joint and possible subluxation in the case of CMC 
arthrit is; patients with de Quervain's disease usually have normal radiographs. 

10. Can CMC arthritis and de Quervain 's disease coexist'! 
Yes. They are two separate entit ies that have the same high incidence in middle-aged women. 

1 1 .  Normal radiographs usually exclude a diagnosis of CMC arthritis. What other diagnoses 
can be excluded by normal radiographic examination? 

Scaphoid fracture. radiocarpal arthritis, and intercarpal arthri t is .  

1 2. Name the contents of the six synovial lined compartments that course beneath the dorsal 
carpal ligament. 

C l 1 4 J Cxten�or digitorum and .nmpar men ' PXl<•nsor indic1s 

) I xtcnsor 
Com1>(lrlmenl 5 l digili minuni 

It(. -· { I Xlrn'or� -
6 

Cump.irtment (, r-Jrp• I 
ulnMi<t \ -... 

�· -

Ulna 

�I xlr•ni.,or ) 1 \ polhc .i '- br<.•v1' \_ 
.e;.._ \I 1 

). CornpMtmcnt I I r )( u<.tor ' 
poll1c i' longu ... 

Compartments beneath the dorsal carpal l igament. (From Netter FH : Atlas or Human Anatomy. Ciba Pharma
ceuticals Division, Ciba-Geigy Corporation, 1 989. with permission . )  

1 3 .  The first dorsal compartment i s  composed o f  a single sheath containing two tendons and 
demonstrates minimal anatomic variation. True or false? 

False. The first dorsal compartment is the site of numerous variations in tendon structure and or
ganization. In 20-30% of reported cases, the compartment is div ided into two tunnels, one ulnar for 
the extensor pol l ic is  brev is (EPB) and one more radial for one or more s l ips of the abductor pol l ic is  
longus (APL). A third deep tunnel containing an anomalous tendon has a lso been reported. The EPB 
is  absent in 5-7% of the population. Inadequate identification and release of all s l ips of the APL is a 
common cause for fai led operative management. Fai lure to identify and release the separate tunnel 
of the EPB, when present, also results in unsuccessful treatment. 

14. During operative release of first dorsal compartment, how can the separate tendon of the 
EPB be specifically identified? 

Passive extension of the thumb metaphalangeal (MP) joint isolates the EPB tendon. 

1 5. What is intersection syndrome? How can it be differentiated from first dorsal com1rnrt
ment tenosynovitis? 

The basic pathology is a nonspecific tenosynovitis of the second dorsal compartment. It is fre
quently associated with repetitive trauma at the wrist. It was prev iously thought to result from friction 
between the APL and EPB muscle bel l ies and those of the second the dorsal compartment. Physical 
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examination reveals tenderness, swe l l ing, and, in severe cases, crepitus 4 cm proximal to the wrist 
joint where the two compartments cross. 

The circled area shows where the extensor poll icis brev is  (EPB) and abductor pol l ic is  longu · (APL) cross the 
common radial wrist extensors. The location of the first dorsal compartment where de Quervain's disease occurs 
is indicated with a star. The second dorsal compartment has been released in the manner recommended for treat
ment of intersection syndrome. ECRB = extensor carpi radial is brev is; ECRL = extensor carpi radial is  longus. 
(From Froimson A l :  Tenosynovit is  and tennis elbow. In  Green DP (eel) : Operative Surgery of the Hand. New 
York, Church i l l  Livingstone, I 993, p I I 93, with permission.) 

16. Tenderness, swelling, and crepitus at the level of Lister's tubercle on physical examination 
lead to a diagnosis of which less common tenosynovitis that requires early operative treatment? 

Tenosynov it is of the third dorsal compartment often leads to rupture of the extensor pol l ic is  
longus tendon. The tenosynovitis may be caused by a distal radius fracture (despite anatomic reduc
tion), rheumatoid disease, and, rarely, overuse (the classic drummer boy palsy). 

17. List the other common examples of stenosing tenosynovitis. How are they treated'? 
Stenosing tenosynov itis also !llay involve the fol lowing tendons: flexor carpi radial is, extensor 

carpi ulnaris, extensor indicis proprius, and extensor digiti lllini lll i .  The lllainstays of treat!llent are 
injection of water-soluble steroid, nonsteroidal anti inflammatory drugs, rest. and spl inting. 
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1 1 0 .  TU MORS 

Earl J .  Fleeg/er, M . D . 

1. What is a tumor? 
Although tumor means "swell ing," the word usually refers to a new growth or prol iferation of cel ls 

at an increased rate, possibly with other abnonnalities in relation to the surrounding normal cel ls .  

2. How do you evaluate a patient with a spontaneously developing ulnar claw hand without 
sensory defect? 

A careful history may yield infom1ation about underlying neurologic disease, trauma, or a previous 
malignancy, such as lymphoma. Mal ignant proliferation about the ulnar nerve ( in this case, probably 
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distal to the div ision into sensory motor branches in the hand) would explain the findings. lf standard 
radiographic evaluation fai ls  to help, MRI can define space-occupying lesions and identify occult gan
glia or other conditions (e.g., atypical acid fast infections, lymphoma, or even a primary neoplasm). 

3. Is the approach to an upper extremity mass different from the approach to a mass elsewhere? 
No. Masses in any anatomic location require careful evaluation. Because the nonneoplastic gan

gl ion is the most common mass found in the hand and wrist, serious tumors are too often considered 
to be cysts. However, there are differences based on anatomy. Early tumors can h ide within the com
plex anatomy of the hand. One must understand the local lymphatic anatomy, including the 
epitrochlear and axi l lary lymph node groups, to evaluate the tumors fully. Certain tumors, such as 
squamous cell carcinomas involving the perionych ium, subungual melanoma, and epithel ioid sar
coma, can be insidious. Often they are not associated with symptoms or signs in their early develop
ment. Melanomas and epithelioid sarcoma are especially dangerous. 

4. All malignant tumors of the upper extremity are sarcomas. True or false? 
False. In addition to malignant tumors of the musculoskeletal system (sarcomas), there are large 

numbers of ben ign and mal ignant neoplasms of all of the t issue of the upper extremity, i ncluding 
carcinomas (both epithelial and glandular in origin). 

5. Are epithelioid sarcomas the most common malignant tumor of the upper extremity? 
No. Overal l ,  squamous cell carcinomas are probably the most common malignant tumors of the 

upper extremity. 

Leji. U lcerated mass on the dorsurn of the hand of a middle-aged man. This lesion was a biopsy-proven squa
mous cell carcinoma. Note the surrounding actinic changes. Right, Epithelioid sarcoma. A, Enlargement and ul
ceration of the distal phalanx of the thumb. which was indurated on examination. 8, H istology demonstrates an 
epithel ioid pattern in association with spindle cells consistent with an epithelioid sarcoma. 

6. Do even small masses in the hand require a preoperative MRI? 
Use of expensive studies, such as  MRI ,  requires careful consideration. The typical ganglion can 

be diagnosed cl inically, especially when transi l lumination or aspiration is carried out. However, the 
physician can st i l l  be led to a misdiagnosis. The MRI is important in diagnosing occult masses deep 
within the hand. Masses that are not clearly benign cysts or other benign, nonaggressive lesions require 
diagnostic studies that provide information about their nature and extent. Sometimes this information 
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can be obtained from less expensive studies, such as ul trasound evaluation. Early in their develop
ment,_ even serious malignancies are small masses. 

7. List the most common causes of a lump in the hand. 
Actinic keratoses, gangl ion, giant cell tumor of the tendon sheath, inclusion cyst. 

8. Of the fol lowing tumors of the up1Jer extremity, which is least l ikely to metastasize via 
lymphatics: squamous cell  carcinoma, basal cell  carcinoma, epithelioid sarcoma, malignant fi
brous histiocytoma, synovial sarcoma, rhabdomyosarcoma, or clear cell sarcoma'? 

Basal cel l  carcinoma. Al l  of the other tumors certainly may metastasize via lymphatics, but it is  
extremely rare for basal cel l  carcinoma to do so. 

9. Which of the tumors listed in question 8 is most likely to be encountered in children? 
Rhabdomyosarcoma-the most common soft tissue sarcoma of childhood. 

10. What association do the fol lowing have in common: epidermodysplasia verruciformis, 
human papilloma virus, osteomyelitic draining sinuses, excessive sun, radiation exposure, and 
immunosuppression? 

Squamous cell carcinoma develops in assoc iation with all of these condit ions. 

H .  After frozen section confirmation of adequate margins of excision around a malignant 
tumor specimen, what should the surgeon do next? 

Anempt to el iminate tumor cell deposits from the site by copiously irrigating the site and chang
ing everything that is contaminated by tumor cells and will come in contact with the area, including 
gloves, gowns, instruments, and drapes. 

12. Is brown/black pigmentation of the eponychial fold diagnostic of melanoma? 
Although not always diagnostic of melanoma, pigmentation of the eponychial fold-Hutchin

son 's sign-requires investigation to evaluate the possibil i ty of melanoma. 

1 3. What is the importance of Clark's levels and Breslow's measurements? 
Both help to assess aggressiveness of the lesion. provide insight into treatment modal i t ies .  and 

are helpful in outcome studies. 

14. How do you stage a patient with a malignant tumor? 
Staging, accord ing to the American Joint Committee, depends on lllmor size and extension (T), 

lymph node involvement ( ), metastasis ( M),  and grade of tumor (G). Enneking developed a simi
larly usefu l ,  somewhat s impler system . T is defined by whether the tumor is confined with in an 
anatomic compartment (T1 ) or extends through a compartment (T2 ). G 1 refers to low-grade and G2 to 
high-grade lesions. Enneking does not use nodal involvement as a separate classification, considering 
that nodal involvement is  s imi lar, with regard lo outcome, to presence of metastatic disease ( M).  A 
stage I sarcoma corresponds to a low-grade sarcoma without metastatic disease. A high-grade lesion 
without metastasis is  designated stage I I ;  stage I l l  indicates metastatic disease for either grade. 

LS. Who should biopsy a mass in the hand-the dermatologist, primary care physician, gen
eral surgeon, orthopedist, plastic surgeon, or hand surgeon? 

The physician who is both qualified and prepared to carry out definitive surgery. 

16. How do you evaluate a roughened, subungual mass? 
If the lesion has typical characteristics of a wart and is treated with one of the modal i t ies for 

warts (e.g., freezing) but recurs or persists, biopsy should be considered. Such lesions, especially in 
older pat ients, may represent a subungual squamous cel l  sarcoma. Radiographic evaluation of the 
area should be completed before biopsy. 

1 7. What should you know about a tJatient presenting with a pigmented linear streak involv
ing the nail area? 

One should know whether the patient has a history of trauma producing a subungual hematoma, 
whether the patient is  taking any medications that may predispose to pigmented lesions, and the race 
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of the patient. Benign pigmented streaks, especial ly in older patients, are not unusual in  African
American patients. Whether the lesion started as a small l ine and increased in size may be of impor
tance. However, considerable cl i nical judgment is required in this situation, and biopsy is frequently 
warranted. 

1 8. What findings ar·e suspicious in relation to a pigmented skin lesion? 
Size greater than 6 mm, variation in color, change to an irregular margin ,  alteration of normal 

skin markings (such as obliteration of skin creases) ,  and ulcerat ion. Of course, certain melanomas 
(e.g. , amelanotic) may not exhibit pigmentation. 

1 9. During carpal tunnel release an un usual, moderately firm th ii::kening is encountered 
within the synovial tissue. What is the approach to this finding'? 

Among other etiologies, one must consider neoplasia. Because the surgeon does not know the 
extent of the lesion (staging) or the diagnosis and does not have permission for definit ive treatment, 
inc is ional  biopsy is recommended. The operat ion is  concluded after carpal tunnel re lease.  
Addit ional work-up is completed as necessary. I f  the lesion proves to be a serious neoplasm, appro
priate additional work-up, consultations, and discussions with the patient are carried out before de
finitive treatment. 

20. In preparation for biopsying a mass in the hand, do you exsanguinate the hand'? 
No. Stripping blood from the area of the tumor with the pressure of a tourniquet may increase 

the risk of tumor cel ls  entering the lymphatics. 

2 1 .  A 65-year-old man complains of a small ulcerated area on the dorsum of the hand. What is 
the differential diagnosis and approach? 

A careful hi story is  taken to assess a possible traumatic vs. infectious cause. Regional nodes 
should be assessed. A common cause of such lesions in a sun-exposed area is  squamous cell carci
noma. After radiographic evaluation of the area as well as the chest, incisional biopsy can confirm the 
diagnosis and direct definitive treatment, which includes excision of the lesion with a histologically 
nomrnl margin of tissue. ln more advanced cases, regional lymph node dissection also may be required. 

22. The patient described in question 2 1  is found to have a firm, slightly moveable ipsilateral 
axillary mass. What surgical treatment do you recommend? 

With squamous cell carcinoma, once the remainder of the work-up i s  found to be negative, axil
lary lymphadenectomy is recommended along with treatment of the primary tumor. 

23. What are the treatment options for a 14-year-old girl with a primary rhabdomyosarcoma 
of the hand and Enneking stage I I I  involvement'? 

The patient should be treated in conjunction with an oncologist. Modal i t ies of treatment include 
control of the primary tumor site by surgery or irradiation as wel l  as systemic chemotherapy. 

24. What treatment options would you recommend for a SO-year-old man with an Enneking 
stage Ilb synovial sarcoma of the antecubital area? 

Staging studies, including MRI,  a metastatic work-up ( including CT scan of the lungs), and con
sul tation with an oncologist and rad iat ion therapist are recommended. Many centers recommend 
wide exc ision with adequate margins of normal tissue along with consideration of irradiation. 

25. What is the most common benign skeletal tumor in the hand? 
Enchondromas are the most common primary tumor found in the bones of the hand. 

26. A 30-year-old woman presents with a history of pain in the distal phalanx of her middle 
finger, and a ridged fingernail extends proximally to the eponychial area, where a reddish
blue, sl ightly elevated area about 3 mm in diameter is noted. The area is tender. What is the 
most l ikely diagnosis? How would you treat the patient? 

After a careful history and physical examination, a radiograph should be taken. The radiograph 
may demonstrate a small area of underlying bony damage. A glomus tumor is first in the differemial 
diagnosis. Surgical treatment requires complete excision of the lesion and pathologic evaluation. 



566 Reflex Sympathetic Dystrophy 

27. What is an osteoid osteoma? 
An osteoid osteoma is a benign lesion producing a core (nidus) in the bone and the surrounding 

reactive area. I t  is  frequently associated with pain in young patients. Routine radiographs may con
firm the diagnosis. Treatment includes excision and curettage. 

28. If the pathologic d iagnosis of a small mass that you "shelled out" of the index-middle 
finger web area is synovial sarcoma, what is the major treatment problem? 

Because you dissected in the marginal-reactive zone, you probably left scattered, mult iple de
posits of tumor in  different planes. 

29. A 70-year-old, other.wise healthy man complains of feeling a mass in the area of an incision 
scar after release of the carpal tunnel and simultaneous excision of a small nodule from the 
ring-little finger area. The nodule was found to be a sweat gland carcinoma. Findings are com
patible with a mass in the old carpal tunnel incision. What is the probable cause of this mass? 

Growth of a deposit of sweat gland carcinoma. 
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1 1 1 . RE FLEX SYMPATH ETIC DYSTROPHY 

Ra!iu l  K .  Na tli ,  M D .  and Susan E .  Mackin non .  M . D . 

1. Describe the functional anatomy of the sympathetic nervous system. 
Sympathetic nerve fibers originate in the hypothalamus. Somatic sympathetic axons descend 

through the posterior columns of the spinal cord and synapse at the level of spinal sympathetic chain 
ganglia. Postsynaptic fibers travel to end-organs intimately associated with coterminous blood ves
sels. Peripheral terminals release norepinephrine, which acts on alpha 1 , beta 1 , and beta2 receptors. 
Alpha2 receptors on the sympathetic end terminals prevent release of norepinephrine. Alpha 1 recep
tors are responsible for vasoconstTiction of peripheral blood vessels in the normal setting. 

2. The sympathetic nervous system has "fight or flight" functions. What is their relevance to 
pain? 

The exact mechanism for sympathetic involvement in chronic pain is  not known. The pre urned 
anatomic basis for sympathetically maintained pain syndrome (SMPS) is  the formation of abnormal 
short circuits between nociceptive and mechanoreceptor afferents and sympathetic fiber efferents at 
the level of the spinal cord. The mechanism by which abnomial short c ircuits develop is obscure, but 
tissue trauma apparently leads to inappropriate release of terminal norepinephrine at in some way 
causes the pain and tissue changes seen in the cli nical setting. 

3.  Does experimental evidence suggest the involvement of sympathetic nerves in  some 
chronic pain syndromes? 

Yes. Electrical stimulation of sympathetic nerves in patients with cli nical signs of S MPS results 
in exacerbation of pain. S im i lar st imu lation of sympathetic fibers in patients who are undergoing 
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sympathectomy for vascular disease does not produce pain. Other studies have shown that injection 
of norepinephrine into the skin of normal patients does not cause pain but that norepinephrine injec
tion into the skin of postsympathectomy patients recapitulates the pain present before sympathec
tomy. Animal studies support these c l inical data. 

4. What is RSD? What is CRPS? What is the difference between them'? 
Reflex sympathetic dystrophy (RSD) is a cl inical pain syndrome w ith sympathetic mani festa

tions that classically occur after minor trauma to an extremity. Three criteria are basic to the definition: 
( I )  diffuse pain in an area not corresponding to the distribution of a peripheral nerve; (2) diminished 
function of the affected area and stiffness of involved joints; and ( 3 )  characterist ic skin and soft 
tissue changes, ranging from swel l ing, rubor, hyperhidrosis, and warmth in early stages to atrophy, 
stiffness, and coldness as the syndrome progresses. Vasomotor instabi l ity is usual ly present. These 
signs are consistent with sympathetic overactivity, implying involvement of the sympathetic nervous 
system in the pathogenesis of the syndrome. Three classic stages are described, corresponding to the 
physical changes accompanying progression of the disease from acute inflammatory onset (stage I, 
early) through dystrophy (stage 11, intermediate) to atrophy or disuse stiffness (stage III, late). 

Recently, many pain investigators have suggested that the tern1 RSD should be replaced by a term 
more descriptive of the characteristic features of the syndrome. The International Pain Nomenclature 
Group has proposed the term complex regional pain syndromes (CRPS) .  Patients are subdivided into 
two categories: ( I )  sympathetically maintained pain syndromes (SMPS) and (2) sympathetically inde
pendent pain syndromes (SfPS),  depending on the presence or absence of abnormal sympathetic dis
charge. Therefore, CRPS encompasses the concept that pain becomes chronic because of maintaining 
factors, which may be sympathetic or nonsympathetic. The idea of regionality also is emphasized. The 
intent of the change in nomenclature is to address the prevalent overdiagnosis of sympathetically main
tained pain by emphasizing the concept that nonsympathetically mediated pain is much more common. 

Venn diagram of several painful conditions and sympathet
ically maintained pain (SMP) .  Note that only a small per
centage of pat ients w i th chronic regional pain syndrome 
(CRPS) have a sympathetic component to their pai n .  
( Modified from Stanton-Hicks M, Janig W, Hassenbusch S, 
et a l :  Reflex sympathetic dystrophy: Changing concepts 
and taxonomy. Pain 63: 1 27- 1 33, 1 995.) 

S. Is SMPS the same as RSD? 
Not exactly. S MPS is subdiv ided into type I and type 2 .  Type I S MPS describes cases previ

ously labeled RSD-that is, sympathetical ly maintained pain with various ini t iating factors other 
than the special situation of nerve injury. Type 2 SMPS describes patients whose pain syndrome is 
speci fically initiated by a nerve injury of any type; type 2 was previously classified as causalgia. 

6. What is (or was) causalgia? 
The word causalgia derives from the Greek for burning pain. Si las Weir Mitchell described the syn

drome of chronic burning pain after gunshot wounds during the American Civil War. Such wounds were 
found to have nerve injury as a common factor, and the associated chronic pain syndrome with sympa
thetic manifestations eventually became known as causalgia. It now is referred to as SMPS type 2. 

7. CRPS consists of SMPS and SIPS. What is the incidence of each? 
The actual incidence of CRPS is unknown and probably cannot be determined. However, the pro

portion between SMPS and S IPS can be estimated based on the personal experience of pain special is ts 
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who see these problems on a daily basis. Some groups place the percentage of SMPS at only l 0% of 
CRPS. This figure cannot be proved but reflects the concept that nonspecial ists who manage patients 
with pain vastly overdiagnose sympathet ically maintained pain. 

SMP 
SIP 

A B 
Patient Presentation 

c 

Relative contribution of· SMP and S I P  to total pain 
experienced by the patient. A represents a patient 
with primarily SM P-related pain. and C represents a 
pat ient with no sympathetic component .  B repre
sents an intermediate mix .  Most patients with CRPS 
are closer to C. Sympatholytic procedures are most 
efficacious in patients resembling patient A. (Modi
fied from Stanton-H icks M.  Janig W, Hassenbusch 
S. e t  al: Reflex sympat hetic dystrophy: Changing 
concepts and taxonomy. Pain 63: I '.!7- 1 33,  1 995.)  

8. Why is sympathetically maintained pain overdiagnosed? 
Probably because patients with chronic pain have complex problems that defy easy categoriza

tion. I t  is  well known that pain with a sympathetic overlay is  often resistant to treatment, and diag
nosing patients with sympathetically maintained pain categorizes them as difficu l t  to manage. 
Therefore, management fai lures can be rat ional ized. 

9. How can you diagnose sympathetically maintained pain accurately'? 
A given pat ient's pain syndrome may have components of both sympathetic and nonsympa

thet ic pain. A structured, logical approach using objective diagnostic criteria improves the chances 
of managing the pain syndrome correctly. One approach is first to define the pr port ion of pain 
caused by sympathetic activity and then to look for the nonsympathetic maintaining causes, i f  any. 
Four aspects of the diagnostic protocol are important: 

I .  Clinical features associated with the pain syndrome are noted and signs of increased sympa
thetic tone are looked for. 

2. Cold testing. Patients with sympathetically maintained pain are hypersensitive to minor cold 
stimulation as with an ice cube or ethyl chloride. 

3. Temporary sympatholysis by blockade of alpha I adrenergic receptors blocks the compo
nent of pain resulting from abnormal sympathetic connections. Alpha-adrenergic blockade protocols 
using intravenous phentolamine and including placebo testing have been worked out. Patients grade 
their pain on an analog scale while receiving phentolamine or placebo. The proport ion of pain reduc
tion that occurs during phentolamine flow but not during placebo administration represents pain re
lated to abnormal sympathetic connections. 

4. Triple-phase bone scanning. The delayed phase of testing reveals di ffu e periarticular ra
dionucl ide uptake in cases of sympathetically maintained pain. This test has shown greater than 95% 
sensit iv ity and specificity when correlated with strong cl inical signs of sympathetic overactivity in 
chronic pain syndromes. 

After correlating cl in ical and objective findings, a rational diagnosi can be fo1mulated and the 
patient treated accordingly. 

10. Does CRPS occur only in the extremities? 
The defini tion of CRPS includes reg ionality as an important diagnostic feature of the pain syn

drome. Regionality can extend to many body areas, including the head and neck, chest, breast. and 
penis. Both SMPS and SIPS may occur in these regions. Diagnosis and management are s imilar re
gardless of the region. 

1 1 .  What inciting events may cause sympathetically maintained pain? 
Clas ically, minor blunt trauma to an extremity is identified as the causative event on retrospec

tive review. However, many other possible agents have been proposed, including ischemia, myocar
dial in farction, psychological trauma, nerve compress ion, surgery, and v i ral di sease. In one large 
series, no cause was identified in I 0% of patients. 
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l 2. What are the principles of management of SMPS? 
Early d iagnosis before the onset of permanent soft t issue changes i s  important. Aggressive phys

ical therapy to prevent d isuse s t iffness is crucia l .  In  addi t ion to these anci l lary measures, active treat
ments are designed and implemented based on anatomic and pharmacologic principles .  However, 
truly permanent re l ief of a l l  pain and associated symptoms is unusual.  

The first principle of  management after diagnosis of SMPS i s  to define and treat any underly ing 
causes of the pain, such as nerve compression. I f  th is  is  not  possible, sympatholysis or i nterrupt ion 
of the sympathetic effector pathway is considered. Several possible level s  of intervent ion in the sym
pathet ic pathway are possible .  Medical therapy targets the alpha 1 receptor via intravenous phento
lamine ( pr imari ly for d iagnosis )  and bre ty l ium ( for treatment ) .  Phenoxybenzamine is ora l l y  
efficacious but unfort unate ly  l im i ted b y  side effects. I nterruption of" sympathet ic flow at t h e  level of 
the gangl ion i s  possible as a temporary ( blockade with local anesthet ic inject ion) or permanent treat
ment ( transection of the sympathetic chai n ) . 

1 3. How effective are the treatments for sympathetically maintained pain? 
The answer i s  not clear. A rev iew of the l i terature about gangl ion blockade, intravenous sympa

thetic blockade, and surgical sympathectomy from 1 945- 1 994 reveals serious methoclologic flaws in 
a l l  reports .  Double-b l indecl, randomized, prospective studies were done only in  three reports, and 
none of the reports stated a mean length of fol low-up. However, i f  trends are stucliecl, surgical sym
pathectomy appears to be more effect ive than int ravenous sympathet ic b lockade, wh ich in  rum 
appear to provide better re l ief than ganglion blockade. 

l 4. If surgical sympathectomy has the highest efficacy, why is it not used for every patient'? 
Surgical sympathectomy is designed to interrupt permanently the anatomic continuity of the sym

pathetic chain at the level of the sympathetic ganglion. In upper extrem ity pain the upper thoracic chain 
( stel late gangl ion) is transected, whereas in lower extremity pain the lumbar chain is inte1Tupted. The 
procedures can be clone in an open fashion or, recently, through an endoscope, which may resu l t  in 
lower surgical morbidity. Al though endoscopic techniques are e ffective and safe, they are s t i l l  surgical 
procedures and should not be undertaken l ight ly. In  aclcl i t ion,  the physiologic consequence of sympa
thetic loss to an extremity must be accepted: erythema, warmth, anhiclrosis, and frequent temperature 
!abi l i ty. Because of these morbidit ies, surgical sympathectomy is indicated only in severe, i ntractable 
cases of SMPS .  In such cases, however, early surgical intervention often slows progression of the dis
ease and affords symptomatic re l ief. Recurrent pain after uni l ateral surgical sympathectomy may be 
treated by bi lateral sympathectomy or application of dorsal column spinal e lectrost imulat ion. 

CONTROV E RSY 

l S. Are certain people more prone to developing SMPS? 
When t ime has passed and the pain has not been treated adequately, i t  is clear that psychological 

factors become more important  in the c l in ical syndrome. Depression i s  common, and personal i ty  
disorders are often seen .  The controversy arises in trying to attach prior s ign ificance to personal i ty 
tra i ts  in pat ients who man i fest S M PS. Accord ing to one school of thought ,  pat ients w i th a certain 
personal i ty profile are more prone to develop S MPS after minor incit ing events, inc lud ing psycho
logical trauma. Advocates of th is  theory bel ieve that S MPS is  best managed by psychotherapy and 
cla im reversal of physical characteristics of SM PS with this treatment. This theory is not widely ac
cepted, and diagnosis of patients is not based on objective criteria and test ing. 
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1 1 2 . REHABILITATION O F  THE I NJ U RE D  HAN D 

Lois Carlson ,  O .T R ./L . ,  C. H .T , a nd Lynn Breg/.io, P .T , C . H .T. 

1 .  What are the physiologic effects of early motion programs after tendon repair? 
Experimental studies have demonstrated that early motion favors intrinsic vs .  extrinsic healing. 

Posi t ive results of early motion after tendon repair include improved tendon excursion, i ncreased 
tensile strength, and decreased edema and joint stiffness. 

2. Describe early passive mobil ization after tlexor tendon repair in  the hand. 
This technique mobilizes the repaired tendon using passive flex ion and l imited active or passive 

extension. The repair is  immobil ized using a forearm-based dorsal block splint, which l imi ts exten
sion of the wrist and metacarpophalangeal (MP) joints. CutTent therapy protocols are based on one or 
both of the fol lowing approaches: 

I .  Kleinert traction. Rubber band traction provides passive flexion and allows active extension 
to the l imits of the splint. The traction is secured distally to the fingernail using a nail hook and at
tached proximally to the forearm portion of the splint. Use of a palmar pul ley increa es flex ion at the 
distal interphalangeal joint. 

2 .  Duran method. The repaired tendon is mobil ized using isolated passive extension of  proxi
mal interphalangeal (PIP) and distal interphalangeal (DIP) joints. The protocol is  based on the need 
for 3-5 mm of tendon excursion to prevent adhesions. 

Act ive motion is general ly started by 3-6 weeks. Progression of treatment for individual pa
tients varies with the level of scar formation and demonstrated active motion. 

Forearm Strap 

Nylon 
Fishing Line 

Dorsal Splint 

Velcro Strap 

Wrist Strap 

Safety Pin 
"Palmar Pulley" 

Modi fication of Kleinert dynamic traction splint using palmar pul ley. (From Chow JA. Thome LJ, Dovelle S, et 
a l :  Controlled motion rehab i l i tat ion after flexor tendon repair and graft i ng. J Bone Joint Surg 708 :59 1 -595, 
1 988, with permission.) 

3. When are early active mobil ization protocols used after tlexor tendon repair? 
Early active mobilization may be used if the repair is sufficiently strong to withstand early motion, 

if the patient is reliable, and i f  the protocol is guided by an experienced therapist. The repaired tendon 
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is  s t i l l  protected using sp l int ing,  and elements o f  passive mobi l i zation are general ly i ncorporated 
into the rehabi l i tation program. The active part of the program may involve gentle active muscle 
contract ion in  a l imited range or use of a "place-and-hold" technique. A method popularized by 
Strickland and Cannon includes use of a tenodesis spl int (hinged wrist splint l imiting wrist extension 
and MP extension) combined with "place-and-hold" exercises. 

4. Describe early passive mobilization protocols used for extensor tendons in zones V, VI, 
and VII. 

Early passive mobi l ization protocols use a reverse Kleinert approach. The splint maintains the 
wrist in approximately 45° of extension, with dynamic traction positioning the M P  (and i nterpha
langeal) joints in 0° of extension. Active flex ion in the splint is al lowed to a predetermined level, de
pending on the protocol and the qual i ty of the repair. Evans recommends sp l in t ing i n i t ia l ly  to 
provide MP flexion equal to approximately 30° for the index and middle and 40° for the ring and 
l ittle fingers to achieve 5 mm of passive tendon gl ide for adhesion prevention. 

5. What is the SAM protocol for zone III and IV extensor tendon repairs? 
The SAM (short arc motion) protocol , developed by Evans, is  an example of  an early active 

motion protocol for zone [fl and IV extensor tendon repairs. Early active motion is  init iated for the 
repai red tendon, us ing volar static spl ints as templates. The patient flexes and extends the joints, 
using minimal active muscle tendon tension (MAMTT). During exercise, the wrist is positioned in 
30° of flexion and the M P  joint at  neutral to slight flex ion.The interphalangeal ( I P) joints are main
tained in an extension splint between exercises. 

I .  The patient actively flexes to 30° at the PIP joint and 20-25° at the DIP  joint. If no extensor lag 
develops after 2 weeks, flexion is gradually increased by 10° each week over the next several weeks. 

2 .  With the PIP joint positioned in extension, the patient actively flexes and extends the DIP  
joint. Fu l l  flexion i s  a l lowed unless the lateral bands have been repaired, in which case flexion is 
l imited to 30-35°. 

6. What are flexor tendon gliding exercises? 
Tendon g l iding exercises are used to obtain maximal total and different ial flexor tendon gl ide: 

flexor cl ig i torum superficial i s  ( FDS), straight fist; flexor digitorum profundus ( FOP), ful l  fist; and 
hook (or claw) position, maximal differential gl ide. 

7. Describe splinting after MP implant arthroplasty. 
The patient is  splinted with the MP joints in the position of extension and neutral to s l ight radial 

deviation. Two splints are commonly used: 
I .  Dynamic splint. This spl int is used during the day to maintain joint al ignment, assist exten

sion, and provide controlled fiexion for 3-4 weeks after surgery. The spl int helps to train the capsule 
to be adequately loose in the flexion/extension plane and relatively tight in the mecliolateral plane. 
Active and passive flex ion exercises are clone init ial ly within the splint. Components of the spl int  
a lso may include a supinator strap to the index, and taping the l i ttle finger to the ring finger to pro
vide a flexor assist; a thumb outrigger may be needed to avoid excessive radial deviation force. 

Dynamic thermoplastic spl int used to 
pos i t ion the MP joints in extension 
and provide controlled active flex ion 
after MP implant arthroplasty. 
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2. Static splint. A volar splint is fabricated with the wrist in  I 5-20° of extension and M P  joints 
at 0° extension and 0- 1 0° radial deviation. Thermoplastic or soft materials may be u ·ed to position 
the fingers. The splint is worn at night for up to 3 months or longer as needed. 

Addit ional spl int ing for flexion also may be required, inc luding spl ints to block IP flexion 
during MP flex ion exercise and dynamic spl inting, most commonly for the l i tt le finger. 

8. Name three possible long-term postoperative complications of MP implant arthroplasty. 
I .  Loss of flex ion or extension. In general, the goal is to achieve 0° extension and 70° flex ion. 

According to Swanson, flex ion of index and middle fingers is less critical and should be l imited to 
45-60° of flex ion for stabi l ity. 

2. U lnar drift 
3 .  Fracture/dislocation of implant 

9. Describe examples of joint protection techniques for patients with arthritis. 
These techniques minimize stress to joints during dai ly activit ies and are appropriate for pa

tients with arthritis in general as well as for patients who have undergone surgery such as implant 
arthroplasty. Examples include: ( I )  use of larger, stronger joints; (2) three-point pinch (preferable to 
lateral pinch); (3) avoidance of deforming forces, such as twisting and ulnar deviation; and (4) bal
ance of work and rest. 

10. What factors must be evaluated to determine the cause of limited passive motion? 
Restricted motion may be clue to soft tissue and/or joint restrictions. In evaluating l imited flex

ion at the PIP joint, for example, the following factors should be considered: 
l .  Extrinsic extensor tightness. Flex ion is affected by the position of the MP joint ;  flex ion is 

decreased i f  the MP joint is  flexed. 
2 .  I ntrinsic extensor tightness. Flexion is affected by the position of the MP joint; flex ion is 

decreased if the MP joint is extended ( intrinsic stretch position). 
3 .  Joint restrictions. Flex ion is unaffected by the position of the MP joint. 

1 1 .  When is it appropriate to initiate active motion after an intraarticular fracture of the PIP 
joint? 

The ini t iation of active motion depends on the stabi l ity of the fracture. Early active motion is  
possible if rigid fixation is  achieved with protective splinting between exercise sessions. I f  less rigid 
fixation is used, active motion generally may be started at 3 weeks, and passive motion at 6 weeks. 

12. What important principles must be followed in planning a treatment program after l im
ited wrist arthrodesis to correct wrist instability? 

Rehabilitation must be guided by the need for a stable, pain-free wri t with functional mobil ity. 
Keys to successful management after surgery include adequate immobil ization, early active motion 
of uninvolved joints, a focus on regaining finger and thumb motion as soon as possible, and al lowing 
the wrist to adapt gradual ly to its new kinematics through active exercise and use. 

13. Why should a patient be referred for hand therapy after a nerve injury? 
l .  Before regeneration it is important to prevent deformity and improve funct ion through the 

use of splinting and to educate the patient about methods of compensation for loss of sensibil ity and 
autonomic function. 

2 .  During regeneration, goals of therapy may include sensory desensitization and reeducation, 
muscle reeducation and strengthening, and restoration of functional patterns of use. 

14. What are the potential deformities and splinting needs for radial nerve injuries? 
The major problem is wrist drop from loss of wrist extensors (radial wrist extensors are spared 

with posterior interosseous nerve injury) .  Finger extension and thumb extension/rad ia l  abduction 
are also affected. Spl int ing options incl ude wrist extension (dynamic or star ic ) ,  wi th or wi thout 
finger and thumb outriggers to provide dynamic extension force, and the tenode i s  spl int ,  as de
scribed by Colditz ( static outrigger from forearm-based splint to the proximal phalanges repro
duces tenoclesis effect) .  
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15.  For ulnar nerve injuries? 
Ulnar nerve injuries may be h igh (affecting one-half of the flexor digitorum profundus [FDP] , 

flexor carpi ulnaris [FCU] ,  and ulnar intrinsics) or low (affecting the adductor pol l ic is ,  one half of 
the flexor pol l ic i s  brev is [FPB] ,  i n terossei ,  one-half of the lumbricals, abductor d ig i t i  m in imi  
[ADM],  flexor d ig i t i  min imi  [ FDM ],  and opponens digit i  minimi [ODM] ) .  The major deformity a t  
both levels is claw deformity, caused by loss of al l  intrinsics to  the ring and l ittle fingers. The claw 
gets worse as a h igh u lnar palsy improves ( increased flex ion by the FDP). A splint that prevents MP 
hyperextension al lows substit ution by the long extensors to extend the IP joints. The simplest design 
is a figure-of-eight spl int molded to the patient with thermoplastic materia l ,  which al lows ful l  flex
ion and permits functional use. 

16. For median nerve injuries? 

Static figure-of-eight thermoplastic spl int used to cor
rect claw deformity. 

Median nerve injuries may be high (affecting all forearm flexor/pronator muscles except one 
half of the FOP and FCU) ,  or low (affecting one-half of the lumbricals, opponens pol l ic is [OP] , ab
ductor pol l icis brevis [APB] ,  and one-half of the flexor pol l ic is  brev is [FPB] ) .  The major deformity 
requiring spl inting at both levels is  "ape hand" or loss of opposition. An opposition splint places the 
thumb in the corrected position to prevent deformity and improve function. 

17. What readily available tests are used for determining early changes in sensibil ity due to 
nerve .. compression? 

Semmes-Weinstein monofi laments and v ibrometry (threshold tests) have been shown to  be 
more sensit ive than innervation density tests such as two-point test ing in  identifying early changes 
due to nerve compression. 

18.  What are the most common postural faul ts noted in patients with thoracic outlet syn
drome (TOS) that can be improved with therapy? 

Rounded shoulders with a forward head posture; tight pectoral muscles (major and minor), wi th 
weak middle and lower trapezius muscles secondary to the slumped posi t ion; and tight neck flexors 
and scalenes with overstretched levator scapulae and upper trapezius muscles, which cause the for
ward head position. 
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19 .  Describe the benefits of hand therapy for patients with carpal tunnel syndrome or other 
forms of cumulative trauma. 

Spl inting is  appropriate for relative rest. Spl ints should be used judiciously to avoid problems 
such as disuse or development of abnormal compensatory patterns. N ight spl inting i recommended 
for carpal tunnel syndrome to prevent wrist flex ion during sleep and median nerve com pre s ion .  
Exercises include active nerve and tendon gl id ing, stretch ing of overused t ight muscles ,  and 
strengthening of opposing weak muscles, as indicated from evaluation. Postural assessment and 
training focus on the areas of malalignment, muscle tightness, or weakness. Work-related evalua
tion and modification should address factors related to repetition, force, and posture, including the 
work station, work style assessment, and work requirements (e.g., production incentives and breaks). 
Finally, biofeedback training and relaxation may be used to relax muscle groups typically used in 
a state of sustained contraction. 

20. What are upper l imb tension tests? 
Upper l imb tension tests assess neural tension in the upper extremity by bringing the patient 

through sequential motions designed to place the neural tissues on stretch. A positive test reproduces 
the patient's symptoms and/or demonstrates resistance or l imitations in movement. Test results are 
a sessed in reference to expected normal responses. Butler describes four basic test for the upper 
extremity, with different movement patterns for the median, radial and ulnar nerves. 

2 1 .  What general principle can be used to activate a muscle after tendon transfer? 
The patient is instructed to perform the original function of the transferred muscle or to combine 

the original function with the new function. For example, after an opponensplast using the ring 
FDS, the thumb is  opposed to the t ip of the ring finger. 

22. Should the burned hand be splinted in the functional position? 
No. The burned hand should be placed in the antideformity position, depending on the size and 

location of the burn. The posi tion of antideformity is 15 -20° of wrist ex ten ion, 60-70° of flexion at 
the MP joints, and full extension at the lP joints, with the thumb in palmar abduction. 

23. Name three methods to prevent hypertrophic scarring after a burn to the hand. 
l .  Compression, which includes Jobst garments, Isotoner gloves, and Tubigrip. In addition, in

serts under compression garments or in conjunction with splints may be made using elastomer. other 
s i l icone-based products, or padding materials. 

2 .  S i l icone gel pads 
3. Massage 

24. Describe examples of spl ints used after surgery for Dupuytren 's contracture. 
Spl inting to maintain extension is critical after surgery. Depending on the extent of involvement, 

options include: 
• Thermoplastic extension pan splint for extension of all fingers 
• Joint spring spl int for extension of all joints of one finger 
• Joint jack splint for PIP extension 
Serial casting may be used to increase extension at the PIP joint i f  it remains unresponsive to 

other forms of spl int ing. 

25. What are tests of maximal voluntary effort'? 
As part of functional testing or a formal functional capacit ies eval uation, a battery of tests i s  

used to determine whether a patient is  giving maximal effort. Such testing may be necessary to help 
validate findings in  patients who have the potential for secondary gain from their d i  abi l i ty. 

S tatic strength tests are performed using the Jamar dynamometer and Bal t im re Therapeutic 
Equipment ( BTE) Work S imulator (passi ng scores based on coefficients of  variation of l 0- 1 5% 
or less as we l l  as corre lation of grip test resul ts) ,  posi t ion of dynamometer handle test ( skewed 
bell-shaped curve is anticipated w ith maximal effort), and the rapid exchange test us ing the dyna
mometer ( increased speed of  performance resul ts in  decreased abi l i ty to control force at sub
maximal leve l ) .  
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26. What are some of the advantages and disadvantages of whirlpool treatment vs. direct ap
plication of heat, such as a hot pack or paraffin bath? 

The whirlpool can be a modality of heat or neutral ity because of the adjustab i l i ty of tempera
ture, thus not compromis ing vascularity or damaging insensit ive parts. In addition, it may be used 
with chemical additives to decrease bacterial count in a small open wound, and the turbulence may 
assist in t issue debridement. The buoyancy of the water al lows the patient to exercise during treat
ment. The primary disadvantage of whirlpool treatments is  that the extremity is  placed in a position 
of dependency, potentially increasing edema. 

Paraffin and hot packs have the advantage of being able to position the hand in elevation and place 
the hand in a position of stretch. In addition, the oil in the paraffin provides lubrication to dry tissues. 
When used for tTeatment of the hand, paraffin and hot packs can provide v igorous heating, which in
creases tissue extensibi l i ty, and are useful adjuncts before exercise or splinting of the stiff hand. 

27. How can edema be measured in the hand? 
Edema can be evaluated using circumferential measurements and/or a volumeter (measures total 

volume of the hand using water displacement). Values are then compared wi th the unaffected side as 
wel l  as sequentially over time for the involved hand. 

28. Name a modality that may be prescribed for edema reduction. 
H igh-voltage galvanic stimulation used for l 0-20 minutes is  a beneficial adjunct to other edema 

reduction methods, such as exercise, massage, compression, and elevation. The electrodes are placed 
surrounding the edematous t i ssue, with i nterrupted current sufficient to produce a rhythmic muscular 
contraction and relaxation of the affected area. The intensity is increased based on patient tolerance. 
A dist inct advantage of th is  modal ity is  its abi l i ty to be used under water, el iminat ing the need to 
strap the electrodes in place. 

29. Define categories of splints used to gain joint motion. 
I .  Serial static casts or splints provide a static force at end range. This method is based on the 

principle that tissue lengthens and grows in response to gentle constant tension at the end of i ts elas
tic l imit .  Changes are made as gains in motion are achieved by remolding or refabricating the cast or 
splint. This type of splinting is most effective in more chronic joint contractures or joints with a hard 
end feel that require steady, gentle pressure over a prolonged period. Addi t ional benefits inc lude 
total contact and even pressure distribution, which assist in reduction of edema and increase wearing 
tolerance. Unfortunately, this type of splint ing may not be removable. 

2. Static progressive splints apply a steady, nonelastic force that can be progressed during 
each splinting session to accommodate improvements in motion. This type of spl i nting has the ad
vantage of being removable and allows reciprocal spl inting into flexion and extension if required. 

3. Dynamic splints provide a dynamic force (for example, from a rubber band or spring) and 
are most effective with joints that have a soft end feel .  

CONTROVE RSY 

30. Describe a course of treatment for reflex sympathetic dystrophy (RSD). 
There is lack of consensus about almost everything related to RSD, including its definition, et i

o logy, and most effect ive treatment approach. The authors' approach focuses on use of specific 
active loading exerc ises. Other approaches use gentle exercise as wel l  as a wide array of other 
modal i t ies, wi th or wi thout sympathetic blocks. 

Stress loading is defined as active, sustained exercise requiring forceful use of the entire extrem
ity with m inimal motion of painful joints. Clinically, two simple exercises actively load the affected 
ann-scrubbing and carrying. The stress-loading program fol lows basic principles of exercise phys
iology. The body adapts in response to demand. Exercise places a demand on the neural, vascular, 
and sensorimotor systems, al l  of which may play a role in in i t iat ing and/or perpetuating RSD.  An 
overload is needed to achieve a training effect. Exercise must be of sufficient intensity, duration and 
frequency to achieve this training effect. Theoretically, training may be due to the effect of stress
loading exercise on central processing abnormalities and neurovascular control mechanisms. 
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Keys to  the success of  the program include maximal load, compliance, structure and emotional 
support, and separation of treatment of RSD vs. fibrosis. Passive exercise, splinting, and other forn1s 
of therapy are used only after the RSD is under control. During the acute stage, sympcoms general ly 
resolve within days or weeks. I f  the patient is first seen during the dystrophic stage, the t ime required 
for resolut ion of  RSD is  generally longer, and treatment of fibrosis w i l l  inev i tably be required 
through conservative measures. If treatment begins in the atrophic stage, motion gains with stress 
loading may be m in imal ,  al though improvement in function and a decrease in pain can st i l l  be 
achieved. Surgical intervention may include capsuloplasty of the MP joints, check rein release (PIP 
joints), and intrinsic release. 
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1 1 3 .  ANATOMY O F TH E WRIST 

Richard A. Berger, M D . Ph D. 

1 .  What is the normal blood supply pattern of the scaphoid? The capitate? The lunate? The 
hamate? 

The scaphoid receives its blood supply through smal l  branches, primarily from the radia l  
artery, that enter the  bone through two channels .  The distal po le  i s  suppl ied by the  palmar 
scaphoid branch ,  which enters the scaphoid through the palmar cortex. The dorsal scaphoid 
branch enters the scaphoid along the dorsal ridge of the scaphoid near the waist  region. No consis
tent nutrient vessel s  enter the scaphoid proximal ly, and internally the nutrient vessel s  do not anas
tomose. Because the proximal pole is  suppl ied solely by vessels entering dista l ly and coursing 
proximal ly, the proximal pole is at particularly h igh r isk of avascular necrosis wi th fractures prox
imal to the waist of the scaphoid. 

The capitate is  supplied by mult iple nutrient vessels  entering the palmar and dorsal cortices of 
the body of the capitate. Because there are no soft tissue attachments proximal to the neck, the head 
of the capitate depends on retrograde flow from the more distal nutrient vessels and is vulnerable to 
avascular necrosis in the case of a fracture through the neck. 

The lunate has consistent nutrient vessels entering through the palmar and dorsal cortices, al
though there may be some dominance of the palmar nutrient vessels. The intraosseous anastomosis 
patterns have been described as forming X, Y, and I patterns. 

The hamate has t lu·ee general areas of nutrient vessel penetration : dorsal cortex, palmar cortex, 
and harnulus. The dorsal and palmar vessels have been shown to anastomose in approximately 50% 
of specimens. The pole of the hamate is without direct soft tissue attachments and therefore relies on 
retrograde flow from the more d istal palmar and dorsal nutrient vessels.  Thus the pole i s  at risk of 
avascular necrosis (although i t  is  rare) in the event of a fracture. The hamulus typical ly  has a rich 
blood supply but rarely anastomoses with the vessels entering the body of the hamate. This pattern 
may contribute to the nonunion rate in fractures of the hamulus. 

2. What is the normal percentage of force or load transmission through the ulnocarpal joint? 
Under normal conditions, approximately 20% of the entire longitudinal force or load i s  trans

mitted through the ulnocarpal articulation; the remaining 80% is transmitted through the radiocarpal 
articulation. Factors that increase ulnocarpal load transmission include wrist ulnar deviation, posi
tive ulnar variance, and pronation of the forearm. 

3. Describe the ligaments that interconnect the bones of the proximal carpal row. 
The l igaments that connect the bones of the proximal carpal row are the scapholunate and 

l unotriquetral i nterosseous l igaments. They are s imi lar to each other in that both are C-shaped, 
connecting the pal mar, proximal ,  and dorsal regions but leav ing the d istal surfaces of  the joints 
w ithout direct l igamentous connect ions. This pattern explains why in a normal 1 idcarpal arthro
gram contrast material passes proximal ly into the clefts of the scapholunate an lunotriquetral 
joints. A normal radiocarpal arthrogram shows no passage of contrast material into the scapholu
nate and lunotr iquetral joint  c lefts because of the intact scaphol unate and lun triquetral in ter
osseous l igaments. In both l igaments, the palmar and dorsal regions are composed of true l igaments 
with col lagen fascicles, blood vessels, and nerves, whereas the proximal regions are composed of 
fibrocartilage without blood vessels ,  nerves, or distinct col lagen fascicle orientat ions.  The d iffer
ences between the two l igaments are l imited primarily to the relative thicknes of the dorsal and 
palmar regions and to the merg ing of the radioscapholunate l igament with the capholunate in
terosseous l igament between the pal mar and proximal regions. The dorsal region of the scapholunate 
l igament and the palmar region of the lunotriquetral l igament are the thickest, whereas the pal mar 
region of the scapholunate interosseous l igament and the dorsal region of the lunotriquetral l igament 
are the thinnest. 

578 
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4. How much of the proximal surface of the lunate normally articulates with the distal artic
ular surface of the radius in the neutral wrist position'? 

Under normal circumstances, in a frontal radiographic projection at least 50% of the proximal 
articular surface of the lunate articulates with the lunate fossa; the average is 60%. If less than 50% 
of the proximal art icular surface of the lunate art iculates wi th the lunate fossa of the radius, ulnar 
translocation of the lunate is diagnosed. Generally, this translocation results from substantial disrup
tion of the long and short radiolunate l igaments. In posteroanterior (PA) radiographs, substantial in
formation also can be gained about the position and orientation of the l unate, simply by identifying 
the shape of the l unate. If the outl ine of the lunate is quadrangular, the lunate is  dorsiflexed. lf trian
gular in shape, the lunate is  palmarflexed. 

5. What are the normal radiolunate and scapholunate angles as measured on a lateral radio
graph? 

Before attempting to determine intercarpal or radiocarpal angles, i t is imperative to ensure that a 
standardized qual i ty l ateral radiograph of the wrist is obtained. The ulnar margin  of the wrist i s  
placed on the  x-ray cassette w i th  the shoulder adducted to the  side, t he  e lbow flexed 90°, and the 
forearm positioned in neutral rotation. The wrist is positioned in neutral extension, whereby the axis 
of the third metacarpal is  within I 0° of the axis of the diaphysis of the radius. Confimrntion of a true 
lateral radiograph of the wrist can be made by identifying the palmar cortices of the scaphoid tuber
cle, the body of the capitate, and the pisi fom1. If the palmar cortex of the pisiform fal ls  between the 
palmar cortices of the scaphoid tubercle and the body of the capitate, the wrist has been positioned 
within 5° of a true lateral projection and is within acceptable l imits. lf the palmar cortex of the pisi
form is  seen palmar to the scaphoid tubercle, the forearm is in supination; conversely, if the palmar 
cortex of the pisifonn is dorsal to the pal mar cortex of the capitate body, the forearm is pronated. 

The axis of the radius is  defined by bisecting the diaphysis in two locations and connecting the 
bisection points. The axis of the scaphoid can be determined in several manners. First, the midpoint 
of the proximal and distal articular surfaces can be estimated, and a l ine can be drawn between the 
two points. Second, a tangent to the pal mar cortex of the waist of the scaphoid can be drawn. The 
axis of the lunate is best determined by drawing a cord between the distalmost tips of the pal mar and 
dorsal horns of the lunate. A perpendicular to this cord defines the axis of the lunate. 

Under normal circumstances, the radiolunate angle should measure ± I 0° . A positive angle indi
cates dorsiflexion of  the lunate, and any value greater than +I 0° is  labeled as dorsiflexion interca
lated segment instabi l ity (D[SJ ) .  A negative angle indicates palmarflexion of the l unate, and any 
value less than - 1 0° is labeled as volarflexion intercalated segment instabi l ity (VIS I ) .  The normal 
scapholunate angle is  46°, but it has a rather wide range of variance from 30°-60°. A scapholunate 
angle greater than 70° indicates carpal instabil ity. In a recent study of intra- and interobserver vari
ability in making such measurements, it was determined that an overall estimated error of measure
ment averaged 7.4°. 

SL RL 
Lines for determining scapholunate angle (SL) and radiolunate angle (RL). 
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6. How does the relative length of the radius and ulna, termed ulnar variance, change with 
forearm rotation? 

The axis  of rotat ion of  the forearm passes through the rad ia l head prox ima l ly  and the u l nar 
head d istal ly. The obl iqu i ty  of orientat ion of th i s  ax is  changes the orientat ion of  t he rad i u s  and 
ulna during pronat ion and supinat ion, whereby the two bones are relatively paral lel i n  sup inat ion 
and essent ia l ly  crossed in pronation. This "crossing" generates a re lat ive change in the d is ta l  pro
ject ions of the two bones, whereby the rad ius  projects less d is ta l l y  in forearm pronat i on .  Th i s  
change h as imp l icat ions in  determ in ing u l nar variance, wh ich  i s  a radiographic  measurement of 
the  re la t ive lengths o f  the rad ius  and u l na .  This  determ i nat ion must  be m ade with a PA rad i 
ograph taken w i t h  the forearm in  neutral  rotat ion. A pronated forearm may give the i mpression of  
pos i t i ve u lnar  vari ance ( u l n a  project ing more d is ta l ly  than the rad i u s ) ,  and sup inat ion may g ive  
the  i mpress ion of a negative u lnar variance (u lna  project ing less  d is ta l l y  than the radi u s ) .  Neutra l  
forearm rotat ion i s  best assured by taking the radiograph with t h e  hand and wrist p laced flat on 
t he x-ray cassette with no wrist dev ia t ion ,  the shoulder in  90° abduct ion.  and the e l bow i n  90° 
flex ion.  

7. The proximal carpal row moves in what general motion during wrist radial and ulnar de
viation? During wrist flexion and extension? 

Although there are measurable motions among the scaphoid, lunate, and triquetrum,  the prox i
mal row bones move, in general, in the same overa l l  d irection as the wrist. During v.rris t  flex ion and 
extension the proximal row bones also move synchronously with the distal row bones in flex ion and 
extension, respect ively. During wrist rad ia l  dev iat ion the proximal  row bones m ove primar i ly  i n  
flex ion, whereas during wrist ulnar dev iation t h e  proximal row bones move primarily in  extension. A 
s impl i fied method to remember these motion panerns is to realize that the proximal  row bones move 
in the samejlexion direction during wristjle.rion and radial deviation and in the same extension di
rect ion during wrist exte11Sion and 11/nar deviation. 

8. Why is the radioscapholunate ligament no longer believed to be a significant mechanical 
stabilizer of the scaphoicl and lunate'? 

The rad ioscapholunate l igament was post u lated early to behave as an i mponant stab i l i zer  of 
the scaphoid and lunate, based l arge ly  on i t s  pos i t ion and orientat ion .  I t  i s  located between the 
long and short radio lunate l igaments and appears to pierce the pal mar rad iocarpal joint  capsu le .  I t  
i s  grossly oriented vert i ca l ly  and appears t o  attach to the proxima l  su rfaces of the scaphoid and 
l u nate .  There have even been isolated reports of d isrupt ion of t h i  l i gament  assoc ia ted w i t h  
scapholunate d issoc iat ion .  

Recent  s tud ies ,  however, have defi ned the h is tology of the radi oscapholunate l i gament and 
have shown that i t  i s  h i gh ly  atyp ica l ,  composed of  a large number o f  b lood vesse l s  and nerve 
fibers, with a m i n i ma l  content o f  poorly organ i zed col lagen that i s  covered b a th ick  l ayer of 
synov i a l  t issue.  Furt hermore, i t  has been demonstrated that the rad ioscapholunate l igament i s  a 
term inat ion of an anastomosis of the anterior interosseous artery and pal mar  rad i a l  arch of t he 
radia l  artery and branches from the anterior interosseous nerve. Final ly, materi al property studies 
have shown that the radioscapholunate l igament fai l s  at s ign ificant ly lower load levels and has a 
much higher s tra i n  level than cont iguous l igaments.  Therefore, the rad ioscapholunate l i gament 
behaves more as a mesocapsule than a l igament and should not be considered a stabi l iz ing structure 
of the wrist .  

9. What are the normal anteroposterior and lateral intrascaphoid angles? 
The normal posteroanterior intrascaphoid angle is less than 35°, and the normal l ateral in

t rascaphoid angle  i s  less than 35° .  Pat ients wi th scaphoid malun ions or nonun ions w i th  an in
trascaphoid angle > 45° are considered at stat ist ical ly increased risk for development of degenerative 
changes and show radiographic signs of carpal col lapse. It has been found that e i ther trisp iral tomo
grams or computed axial tomograms may enhance the abil ity to measure these ang les .  The met hod 
used for determ in ing the intrascaphoid angle in e i ther p lane measures the angle of intersect ion of 
perpend iculars drawn from the cords of the prox imal and distal art icular surface curves. ( See figure 
at top of next page. )  
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PA Lat. 

Lines for determin ing posteroanterior (PA) and lateral intrascaphoid angles. 

10. Describe the normal arterial blood supply of the distal radius. 
Recent descriptions of the arterial blood supply of the rad ius have prompted the use of vascular

ized pedicled bone grafts in the treatment of scaphoid nonunions, avascular necrosis of the scaphoid 
proximal pole, and K ienbi:ick's disease. The nutrient blood vessels entering the distal radius have a 
consistent pattern that makes ident i fication and isolation relatively easy. 

The longitudinally oriented vessels arise from the radial artery, ulnar artery, or posterior divis ion 
of the anterior interosseous artery. Three major transverse arches interconnect the longitudinal ves
sels. which are named from prox imal to distal : dorsal suprareti nacular arch ( found on the extensor 
retinaculum),  dorsal radiocarpal arch, and dorsal intercarpal arch ( both found in the joint  capsule 
proper). 

There are two d istinct types of nutrient vessels: supnu-etinacular (between the extensor colllpart
ments) and compartmental (within the extensor COlllparttllents) .  The supraret inacular vessels (SRA) 
are nulllbered to re flect the compartments between which they are found; the compartmental vessels 
(ECA) are numbered according to the compartment within which they are found. 

The identi fied nutrient vessels are, beginning radial ly, 1 ,2 SRA; 2,3 SRA; and 4 ECA. A consis
tent vessel found within the fifth extensor compartment is called the 5 ECA, but it has no d irect pen
etration into the radius;  rather, it i s  useful as a retrograde conduit to extend the length of  a 4 ECA 
graft pedicled to the dorsal radiocarpal or intercarpal arches, through the proximal anastomosis of 
the 4 ECA, 5 ECA, and posterior div is ion of the anterior interosseous artery. 

Dorsal v iew of carpal region i l l ustrating the arterial blood 
supply. The supraret inacular arteries are round between the 
first and second extensor compartments ( 1 ,2 sra) and be
tween the second and third extensor compartments (2,3 sra). 
Arteries are consistently found within the fourth (4 cca) and 
fifth (5 eca) extensor compartments. ra = radial artery. ia = 
posterior div ision of anterior interosseous artery. dsra = 
dorsal supraretinacular arch. drca = dorsal radiocarpal arch. 
dica = dorsal intercarpal arch. R = radius. U = ulna. S = 

scaphoid L = lunate. C = capitate. 

1 1 . Name the four principal ligaments of the first carpometacarpal joint. 
On the palmar surface of the joint i s  the anterior oblique l igalllent, also cal led the "beak l iga

ment." Near the ulnar extreme of the joint is the ulnar col lateral l igament. Dorsally, the u lnar half of 
the joint is covered by the posterior oblique l igament, whereas the radial half is covered by the dor
soradial l igament. There are no true l igament fibers near the radial extent of the joint, deep to the ab
ductor pol l ic is longus tendon. The base of the first tlletacarpal is stabi l ized to the base of the second 
tlletacarpal by the intertlletacarpal l igament, which is extracapsular and not considered a proper car
pollletacarpal joint I igarnent. 
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12.  Describe the anatomy of the triangular fibrocartilage complex. 
The triangular fibrocartilage complex is based around the triangle- haped articular disc, which 

is interposed between the u lnar head and carpal bones. This articular disc is composed of fibrocarti
lage; its base is attached to the radius along the distal edge of the sigmoid notch.  Along the dorsal 
margin of the articular disc is the dorsal radioulnar l igament, which connects the dorsal aspect of the 
sigmoid notch of the radius to the styloid process of the ulna. Extending from the dorsal radioulnar 
l igament in a d istal d irection are fibers cal led the extensor carpi u lnaris tendon subsheath,  which 
variably extends to the base of the fifth metacarpal. Along the palmar edge of the arLicular disc is the 
palmar radioulnar ligament, which connects the palmar edge of the sigmoid notcb to the area at the 
base of the ulnar styloid process, called the fovea. Emanating from the palmar radioulnar l igament 
are the u lnolunate and ulnotriquetral l igaments. Near the ulnar apex of the articular disc is a depres
sion cal led the prestyloid recess, which is general ly filled with synovial v i l l i  and variably communi
cates with the tip of the ulnar styloid process. Between the u lnar attachments of the dorsal and 
palmar radioulnar l igaments is a region of small blood vessels called the l igamentum subcruentum. 
The meniscus homologue is the edge of the articular disc distal to the prestyloid recess, which in se
lected coronal sections resembles the profile of a knee meniscus. 

ul 
A 

drul 

B 

Transverse (A) and dorsal (8) views of the triangular fibroca11ilage complex (tfcc). R = radius, U = ulna, S = scaphoid, 
L = lunate, T = triquetrum, tf =triangular fibrocarti lage, pr = prestyloid recess, drul = dorsal radioulnar ligament, ecu 
= ecu subsheath, prul = palmar radioulnar l igament, ull = ulnolunate l igament, utl = ulnou-iquetral ligament. 

13. Where is the center of rotation of the wrist? 
The center of rotation of the wrist is somewhat controversial because of the complex compound 

motion of all of the carpal bones. If taken as a unit, the wrist movements have been labeled as dorsi
flexion (extension), palmarflexion ( flex ion), radial deviation (abduction), u lnar dev iation (adduc
tion), axial rotation (pronation/supination), and circumduction. Any combination of these motions is 
possible, but the classic axes of rotation of the wrist have been identified as the flexion-extension 
axis and radial-ulnar deviation axis. Kinematic studies have identified the head of the capitate as the 
anatomic location at which these axes intersect the wrist. A functional axis, called the "dart-throw" 
axis, also passes through the capitate but represents the motion created by du·owing a dart from wrist 
extension and radial deviat ion to flexion and u lnar deviation. It is important to recognize that the 
axes of rotation are mere approximations and that each i.ndividual carpal bone is considered a rigid 
body, displaying its own kinematics, which, when summed with the remain ing carpal bones, creates 
the overall motion that we perceive as wrist motion. 

14. The midcarpal joint normally communicates with which carpometacarpal joints? 
The m idcarpal joint is in d irect communication wi th the second, th ird,  fourth ,  and fifth car

pometacarpal joints. Only the first carpometacarpal joint is isolated from the midcarpal joint. 

15. Is i t  normal for the radiocarpal joint to communicate with the pisotriquetral joint? With 
the distal radioulnar joint? 

I t  is estimated that in 90% of normal adults the radiocarpal joint communicates with the pisotri
quetral joint, as evidenced by arthrography. It is considered abnormal for the radiocarpal joint to com
municate with the distal radioulnar joint, although such communjcations do not necessarily imply 
mechanical instabi l i ty. Such communications, usually identified with arthrography, imply a defect in 
the triangular fibrocartilage complex, particularly the articular disc, which norm ly isolates the two 
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joints from communication. Degenerative changes may occur in the central aspect of the art icular 
disc as early as the third decade and increase in incidence with increasing age thereafter. 

1 6. Are there any normal direct tendinous insertions to any of the carpal bones? 
Only the pisiform has a tendinous attachment under normal circumstances, serving as the inser

tion of the flexor carpi ulnaris tendon. There have been reports of anomalous insertions of the abduc
tor pol l i c i s  longus and flexor carpi radial is tendons into the trapezium. The abductor and flexor 
pol l icis brevis originate from the u·apezium, whereas the abductor and flexor digiti minimi originate 
from the pisiform. The origin of the opponens digiti minimi from the hook of the hamate is  variable. 

17. Is there normally substantial motion between the bones of the distal carpal row? 
Kinematic studies, which define motions without reference to force, have demonstrated negl igi

ble motion between the bones of the distal row because of the heavy investment of interconnecting 
ligaments. Between each bone are strong, transversely oriented palmar and dorsal interosseous l iga
ments. In addition, deep interosseous l igaments connect the trapezoid to the capitate and the capitate 
to the hamate. Disruptions of  these l igaments result from high-energy trauma, typically with sub
stantial additional soft tissue disruption, and are termed axial instabil ities. 

18. Is it normally possible for the lunate to articulate with the hamate? 
Viegas has demonstrated two broad categories of architecture of the distal surface of the lunate. 

The type I lunate, which occurs in 66% of normal wrists, has no appreciable articulation with the 
hamate. Rather, the distal surface of the lunate articulates solely with the head of the capitate. The 
type II  lunate, which occurs in the remaining 33% of normal wrists, has a distinct sagittaJ ridge with 
an u lnar-sided Fossa for articulation with the proximal surface of the hamate. Type II  lunates have a 
distinct predi lection to develop degenerative. changes in the hamate fossa as well as accompanying 
degenerative changes on the proximal surface of the hamate. 

19. Describe the dorsal capsular l igaments of the wrist. 
The dorsal capsule of the wrist is reinforced with two major l igaments, the dorsal radiocarpal and 

dorsal intercarpal l igaments. In the regions between the two l igaments, the joint capsule is devoid of 
l igament tissue. The dorsal intercarpal (DIC) l igament connects the trapezoid and scaphoid with the tri
quetrum, whereas the dorsal radiocarpal (DRC) l igament connects the radius, lunate, and triquetrum. 
The DIC and DRC l igaments share an inse1tion on the dorsal cortex of the triquetrum. Proximally, the 
dorsal radioulnar ( DRU) l igament originates adjacent to the radial attachment of the DRC but is  not 
considered a wrist l igament per se. The anatomic arrangement of the dorsal l igaments has been put to 
use by introducing a fiber-splitting capsulotomy, based on their orientation. This concept promises sev
eral advantages, including minimizing scar and stiffness, enhancing visualization and accuracy in ori
entation, and maintaining stability when i t  is necessary to enter the wrist from the dorsal side. The DlC 
and DRC l igaments can be safely bisected, creating a radia.lly based flap that can be extended even fur
ther by dividing the radiocarpaJ joint capsule from the radius to the level of the radial styloid process. 
This exposes the radial two-thirds of the radiocarpal joint and virtually the entire midcarpal joint. To 
expose the ulnar one-third of the ulnocarpal joint, the DRC ligament can be bisected and connected to 
a capsular incision paralleling the fifth extensor compartment creating a proximally based flap. 

Dorsal v iew of the wrist i l l ustrating the dorsal capsule l igaments. 
DRU=dorsal radioulnar l igament, DRC=dorsal radiocarpal l iga
ment, DIC=dorsal intercarpal l igament. 
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20. What is carpal height ratio? How is it determined? 
Carpal height refers to the longitudinal length of the carpus from the distal articu lar surface of 

the radius to the distal articular surface of the capitate. It is  a useful concept c l inically because mal
rotation of the proximal carpal row bones, from problems such as rheumatoid arthrit is, scapholunate 
dissociation, and scaphoid nonunions, may result in shortening of the carpal height. Detection of 
such shortening helps to classify the severity of the wrist abnormality. The problem wi th  carpal 
height as a dimensional measure l ies in the variabi lity of wrist sizes, presumably proportionate to the 
s ize of the individual . In an attempt to bypass this variabi l i ty, the concept of  carpal height ratio 
nondimensionalizes the carpal height. In the classic method, the length of the carpus i defined along 
the projected axis of  the thiJd metacarpal, measured from the base of the th ird metacarpal to the 
point at which the projected third metacarpal axis intersects the distal surface of the radius.  This 
measurement is  then divided by the length of the thiJd metacarpal, also defined along the axis of the 
third metacarpal. The nomial values for the carpal height ratio are 0.054 ± 0.03. Thi s  measurement 
must be made from a standard PA radiograph with the wrist in a neutral position and the entire length 
of the third metacarpal v isible. 

Because the third metacarpal is not consistently imaged on standard wrist radiographs, an alter
nate method for determining the carpal height ratio was developed. The denominator is the greatest 
length of the capitate, as determined from a standard PA radiograph. The carpal height measurement 
is  made in the same manner as the standard carpal height rat io.  Using the al ternate method, the 
normal range of the revised carpal height ratio is  1 .57 ± 0.05 . 
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1 1 4 .  PHYSICAL EXAMI N ATION O F  TH E WRIST 

J effrey Weinzweig, M D ,  a nd H .  Kirk Watson ,  M . D .  

1 .  What constitutes the first part of every thorough physical examination? 
A thorough h istory. Information about the patient's age, handedness, chief complaint, occupation, 

avocational activities, previous wrist injury or surgery, exact onset of symptoms and their relationship 
to specific activities, frequency and duration of postactivity ache, factors that exacerbate or improve 
symptoms, subjective loss of wrist motion, cu1Tent work status, and, certainly, worker's compensation 
status complement findings noted during the physical examination and aid in deriving a diagnosis. 

2. ls i t  necessary to assess the range of motion of the wrist? 
Absolutely. Every examination should begin with an evaluation of passive and active range of 

motion of both wrists. With the patient's elbows rest ing on the exam table, an assessment of flexion 
and extension is performed. Any loss of passive motion compared with the contralateral, asympto
matic wrist is usually a sign of underlying carpal pathology. A bi lateral assessment of pronation and 
supination is made with the examiner's hands rotating the patient's wrists from the m idforeann level. 
Ful l  forced pronosupination without pain eliminates the distal radioulnar joint (DRUJ) and triangular 
fibrocarti lage complex (TFCC) as potential sources of the patient's symptoms. Degenerative joint dis
ease ( DJD) or dislocation of the DRUJ or a substantial tear of the TFCC results in pain and dimin
ished pronosupination. 

RAD I A L  WRIST EXAM I N ATION 

3 .  Which carpal bone is involved in more than 95% of  a l l  cases of  degenerative joint disease 
of the wrist? 

The scaphoid .  Periscaphoid arthrit ic changes involve the scapholunate advanced col lapse 
(SLAC) pattern in 57%, the triscaphe (scaphotrapeziotrapezoid) joint in 27%, and a combination of 
these i n  1 4%.  The scaphoid is  also involved in the etiopathogenesis of over 90% of al l  ganglia. 

4. Which aspect of the wrist, radial or ulnar, is involved in the majority of carpal pathology? 
The majority of carpal pathology involves the radial aspect of the wrist Although ulnar wrist 

pain often presents a more complex diagnostic problem than radial wrist pathology, fortunately i t  is  
less common in the typical practice. 

5. How many maneuvers does the radial wrist exam include? Name them. 
The examination of the rad ial wrist consists of five maneuvers: 
I .  Dorsal wrist syndrome (DWS) test 4. Scaphotrapeziotrapezoid (STT) test 
2 .  Finger extension test (FET) 5 .  Scaphoid shift maneuver (SSM) 
3 .  Articular/nonart icular (ANA) test 
None of these maneuvers is necessarily diagnostic by itself, nor is  i t  intended to be. However, a 

diagnosis usually can be derived by assimi lating the entire picture of wrist mechanics and pathome
chanics with the h istory, symptoms, and appropriate radiographic examination. 

6. Which maneuver directly examines the scapholunate (SL) joint? 
The DWS test. Ident ification of the SL joint is  faci l itated by fol lowing the course of the th ird 

metacarpal proximally until the examiner's thumb falls into a recess that l ies over the capitate. The SL 
articulation is readily palpable just proximal between the extensor carpi radial is  brevis and the exten
sors of the fourth compartment A normal joint produces no pain with palpation. SL dissociation, 
Kienbock's disease, dorsal wrist syndrome ( i .e., SL joint overloading with wrist pain secondary to SL 
l igamentous synovitis and/or tear preceding evidence of rotary subluxation of the scaphoid), or other 
pathology involving the SL or radiolunate joints or the lunate itself e l icits pain with direct palpation. 
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Dorsal wrist syndrome (DWS) of the scapholunate ( SL) joint. Identi
fication of the SL joint i s  faci l itated by fol lowing the course of the third 
metacarpal proximally unti l  the examiner's thumb fal l s  into a recess. 
The SL articulation is readi ly palpable between the carpi radial is brev is 
and the extensors of the fourth compartment. (From Watson H K ,  
Weinzweig J :  Physical examination o f  the wrist. Hand C l i n  1 3 : 20, 
1 997, with permission.) 

7. Which maneuver indirectly examines the wrist with exceptional sensitivity? 
The FET. The increased mechanical advantage on carpal loading during the FET produces a re

l i able indicator of carpal pathology. With the patient's wrist held passively in flexion, the examiner 
resists active finger extension. In  patients with significant periscaphoid inflammatory change, radio
carpal or midcarpal instabi l ity, symptomatic rotary subluxation of the scaphoid, or Kienbock's dis
ease, the combined radiocarpal loading and pressure of the extensor tendons cause considerable 
d iscomfort. In our experience, such patients always demonstrate a posit ive FET. The FET has 
become a h ighly reliable indicator of problems at the SL joint. Ful l-power finger extension against 
resistance ( i .e. , a negative FET) el iminates the common dorsal wrist syndrome diagnosis as wel l  as 
rotary subluxation of the scaphoid, Kienbock's disease, and SLAC wrist. 

Finger extension test (FET). With the patient's wrist held passively in 
flex ion, the examiner resists active finger extension. (From Watson 
HK, Weinzweig J: Physical examination of the rist. Hand C l in  
1 3 :24, 1 997, with permission.) 

8. Which maneuver specifically assesses synovitis of the scaphoid? 
The ANA maneuver. The proximal pole of the scaphoid articulates with the radius as the radio

carpal joint .  The art icular surface of the proximal scaphoid cont inues distal ly toward a junctional 
point along the radial aspect, where the surface changes from articular to nonarticular. With the wrist 
in radial deviation, the ANA junction is obscured by the radial styloid. With the wrist in ulnar devia
tion, the ANA junction is easi ly palpated just distal to the radial styloid. The ANA maneuver is  per
formed with the examiner's index finger firmly palpating the radial aspect of the patient's wrist just 
d istal to the radial styloid with the wrist initially in radial deviation. Pressure is maintained as the pa
t ient's wrist is  brought into ulnar dev iation with the examiner's other hand. The normal asympto
matic wrist demonstrates mi ld-to-moderate tenderness and discomfort at the ANA junction with 
d irect palpation in almost every person. However, the patient with periscaphoid synoviti , scaphoid 
instabi l i ty, or SLAC changes at the styloid experiences severe pain with this maneuver. For purposes 
of comparison, it is necessary to perform the maneuver bilaterally. 



Physica l  Exa m i nat ion of the Wrist 

Articular/nonart icular (ANA) junction of the scaphoid. With the wrist in 
ulnar dev iation, the ANA junction is easily palpated just distal to the radial 
styloid. The ANA maneuver is performed with the examiner's index 
finger firmly palpating the radial aspect or the patient's wrist just distal 
to the radial styloid with the wrist init ial ly in radial deviation. Pressure 
is maintained as the patient's wrist is brought into ulnar deviation with 
the examiner's other hand. ( From Watson HK. Weinzweig J :  Physical 
examination of the wrist. Hand Clin 1 3 : 1 9, 1 997, with permission.) 

9. Which maneuver directly assesses the STT joint? 
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The STT test. Identification of the STT or triscaphe joint is faci l i tated by fol lowing the course 
of the second metacarpal prox imally unti l  the examiner's thumb fal ls  into a recess. That recess is the 
tri caphe joint. A normal joint produces no pain with palpat ion. Triscaphe synov it is ,  degenerative 
disease, or other pathology involving the joint or scaphoid e l icits pain with direct palpation. 

Scaphotrapeziotrapezoid (STT) or triscaphe joint. Ident i fication or the 
triscaphe joint i s  fac i l itated by following the course of the second 
metacarpal proximally until the examiner's thumb falls into a recess, just 
ulnar to the anatomic snuffbox. (From Watson HK, Weinzweig J :  Physical 
examination of the wrist. Hand Cl in 1 3 :20, 1 997. with permission.) 

1 0. Which maneuver assesses the pathomechanics of the scaphoid? 
The SSM, which provides qual itative assessment of scaphoid stabil ity and periscaphoid synovi

tis compared with the contralateral asymptomatic wrist. We do not refer to the SSM as a "test" or to 
the findings of increased pain or l igamentous laxity as a "positive scaphoid shift . "  l nstead, laxity or 
discomfort with the SSM does not necessarily indicate pathology; however, asymmetric laxity that 
reproduces the patient's characteristic pain is indicative of pathology. Th is exam, therefore, is mean
ingful only when performed bilateral ly. 

1 1 . How is the scaphoid shift maneuver performed? 
With the patient's forearm sl ightly pronated, the examiner grasps the patient's wrist from the radial 

side with the examiner's same-sided hand (e.g . ,  the examiner's right hand is used to examine the pa
tient's right hand) and places the thumb on the pal mar prominence of the patient 's scaphoid while 
wrapping the fingers around the patient's distal radius. This position enables the thumb to push on the 
scaphoid with counterpressure provided by the fingers. The examiner's other hand grasps the patient's 
hand at the metacarpal level to control wrist position. Starting in ulnar deviation and sl ight extension, 
the wrist is moved radially and slightly flexed with constant thumb pressure on the scaphoid. 
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Scaphoid shift maneuver (SSM). The examiner grasps the patient's wrist 
from the radial side and places the thumb on the palmar prominence of 
the patient's scaphoicl while wrapping the fingers around the patient's 
distal radius. This position enables the thumb to push on the scaphoicl with 
counterpressure provided by the fingers. The examiner's other hand grasps 
the patient's hand at the metacarpal level to control wri t position. Starting 
in ulnar deviation and slight extension. the wrist is moved radial ly and 
sl ightly flexed with constant thumb pressure on the scaphoid. (From 
Watson H K, Weinzweig J: Physical examination of the wrist. Hand Clin 
1 3 :2 1 ,  1 997, with pennission.) 

12. Explain the biomechanical mechanism of the scaphoid shift maneuver. 
When the wrist is  in u lnar deviation, the scaphoid axis is extended and l ies nearly in l ine with 

the long axis of the forearm. As the wrist  deviates radially and nexes, the scaphoid also flexes and 
rotates to an orientation more nearly perpendicular to the forearm, and its distal pole becomes promi
nent on the pal mar side of the wrist. The examiner's thumb pressure opposes this normal rotation and 
creates a subluxation stress, causing the scaphoid to shift dorsally in relation to the other bones of 
the carpus. This scaphoid shift may be subtle or dramatic. In  patients with rigid periscaphoid l iga
mentous support, only minimal shift is  tolerated before the scaphoid continues to rotate normal ly, 
pushing the examiner's thumb out of the way. In patients with l igamentous laxi ty, the combined 
stresses of thumb pressure and normal motion of adjacent carpus may be suffic ient to force the 
scaphoid out of its el l iptical Fossa and onto the dorsal rim of the radius. As thumb pressure is  with
drawn, the scaphoid returns abruptly to its normal position, sometimes with a resounding thunk. 

Mechanism of scaphoid shift. A ,  Relationship of the scaphoid and radius 
as seen in a lateral v iew. In  ulnar deviation the scaphoid dorsiflexes, and 
its long axis lies nearly in  line with the axis of the radius. l n  radial devi
ation the scaphoid volar flexes; its long axis lies nearly perpendicular to 
the axis of the wrist, and its distal pole becomes prominent on the 
palmar side of the wrist. B,  During the scaphoid shift maneuver. the ex
aminer's thumb prevents the normal palmar t i l t  of the scaphoid. (From 
Watson HK, Weinzweig J: Intercarpal arthrocles is.  In  Green DP (eel): 
Operative Hand Surgery, 4th eel. New York, Churchi l l  Livingstone, in 
press, with permission.) 

13. What is the clinical significance of the scaphoid shift maneuver? 
The scaphoid may shift smoothly and painlessly or with a gritty sensation or c l icking, accompa

nied by pain. Grittiness suggests chondromalacia or loss of articular cartilage, and clicking may indi
cate bony change sufficient to produce impingement. Pain is  a significant finding, e pecially when i t  
reproduces the patient's symptoms. Pain associated with unilateral hype1mobility of the scaphoid is vir
tually diagnostic of rotary subluxation. A less well-localized pain associated with normal or decreased 
mobil i ty is encountered in patients with periscaphoid arthritis, whether of triscaphe or SLAC pattern. 

14. What percentage of normal asymptomatic people have an abnormal scaphoid shift? 
Of 1 000 normal asymptomatic people, 209 demonstrated a unjlateral abnormal scaphoid shift 

maneuver with hypennobi l ity of the scaphoid and/or pain. This finding, which represents 2 1  % of 
examined people and 1 0% of examined wrists, stresses the importance of performing the maneuver 
bilaterally. 
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U LNAR WRIST PAI N  

15.  How do you examine a patient with ulnar wrist pain? 
Ulnar wrist pain is a complex problem requiring a keen understanding of both intraarticular and 

extraarticular anatomy of the region. Distinguishing between abnormalities involving the distal ra

dioulnar joint (DRUJ),  triangular fibrocart ilage complex (TFCC), and ulnar carpus necessitates dis
cerning soft tissue problems from bony ones. Each region of the ulnar wrist must be systematically 
addressed during a thorough physical examination. 

16. How can you rule out pathology involving the DRUJ? 
An abnomiality of the DRUJ, such a degenerative disease or subluxation, should be immediately 

suspected on the basis of decreased or painful pronosupination. With the patient's hand in full ulnar de
viation, significant pain el icited by pressing on the ulnar head by the examiner's thumb is suggestive of 
DRUJ pathology. Pain produced during pronosupination while the ulnar head is pressed volarward 
and the pisiform pressed dorsally is often indicative of an ulmu· impingement or impaction syndrome. 

1 7. How can you diagnose a TFCC injury or tear on physical exam? 
The diagnosis of a TFCC tear or injury is by exclusion. It is  difficult, if not impossible, to con

firm the diagnosis on the basis of physical examination alone. Other more common causes of ulnar 
wrist pain, such as DJD and carpal instabil ity, must first be excluded. Examination may demonstrate 
loss of forearm pronosupination and wrist motion, tenderness over the TFCC dorsally, and a palpa
ble and/or audible c l ick with forearm rotation or rad ioulnar dev iation of the wrist .  Suspic ion of 
TFCC pathology requires evaluation by three-compartment wrist arthrography. The presence of a ra
diocarpal-DRUJ arthrographic communication is pathognomonic of a TFCC perforation. However, 
perforations are common and do not necessarily indicate pathology. 

18. What is the ulnar snuffbox? 
The ulnar snuffbox is the depression palpated immediately beyond the ulnar styloid. This space 

is c ircumscribed by the ECU and FCU tendons, which run posteriorly and anteriorly, respectively, 
over the ulna at the wrist. In radial deviation, the noor of the depression is  formed by the triquetrum; 
in ulnar deviation, the noor is  formed by the joint between the triquetrum and hamate. 

1 9. What is the lunotriquetral (LT) compression test'? 
The LT compression test directs load across the LT joint along an u lnoradial axis by palpating 

within the u lnar snuffbox. Direct pressure in this area el icits pain from a patient with LT joint insta
bil ity, synovitis, degenerative disease, or partial synchondrosis. 

20. What are ballottement tests? How can they assess LT instability? 
Bal lottement tests, or shear tests, demonstrate joint instabi l i ty by exerting pressure in opposite 

d irections on adjacent carpal bones. I nstabi l ity of the LT joint can be demonstrated by Reagan's 
test. The examiner's thumb is used to apply pressure on the patient's lunate dorsally whi le the exam
iner's index finger applies pressure on the triquetrum volarly. Masquelet 's test is  another ballotte
ment test of  the LT joint  in which the examiner uses both hands to apply shear force across the 
art iculation. The examiner's thumbs are used to apply dorsal pressure to the l unate and triquebw11 
while counterpressure is applied to these bones volarly by the examiner's index fingers. 

Masquelet's test of  l unotriquetral (LT) instabi l i ty. The 
examiner uses both hands to apply shear force across 
the LT joint. The exam iner's thumbs are used to apply 
dorsal pressure to the lunate and triquetrum while coun
terpressure is applied to these bones volarly by the ex
aminer's index fingers. (From Watson HK, Weinzweig J: 
Physical examination of the wrist .  Hand Cl in  1 3 :25, 
1 997, with permission.) 
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2 1 .  What is TILT? How can it  be diagnosed? 
A new etiology for u lnar wrist pain that specifically involves the triquetrum has recently been 

described. The triad of local ized triquetral pain along the proximal ulnar slope of the bone, a h istory 
of a hyperflexion i njury, and normal radiographs is diagnostic of TILT-triquetral impingement lig
ament tear. The mechanism of TILT involves a cuff of fibrous tissue that has become detached from 
the ulnar sl ing mechanism and chronically impinges on the triquetrum, resulting in synovit is ,  bony 
eburnation, and pain. Point tenderness can be appreciated by palpating the u lnar aspect of  the tri
quetrnm just distal to the u lnar styloid. 

RADIOCARPAL A N D  M I DCARPA L  J O I NTS 

22. How can instability of the radiocarpal or midcarpal joint be evaluated? 
The anteroposterior drawer test can be used to evaluate instabi l i ty of e ither the radiocarpal or 

midcarpal joints. One of the examiner's hands holds the patient's hand by the metacarpals to apply axial 
traction while the other hand stabilizes the patient's foreann. While traction is maintained, anteroposte
rior force is applied and a drawer is el icited first at the radiocarpal and then at the midcarpal joint. 

23. What is the pivot shift test? 

The anteroposterior drawer test of radiocarpal or mid
carpal instabi l ity. One of the exa111iner's hands holds the 
patient's hand by the metacarpals to apply axial traction 
whi le the other hand stabil izes the patient's forearm. 
While 111aintaining traction, anteroposterior force is  ap
plied and a drawer is el icited at the racliocarpal and then 
the midcarpal joint. (From Watson HK, Weinzweig J :  
Physical exa111ination o f  the wrist. Hand Clin 1 3:27. 1 997, 
with pennission.) 

The pivot shift test of the midcarpal joint consists of supinating and volar subluxing the distal 
row of the carpus. With the patient's elbow at 90°, the hand is placed in a ful ly supinated position 
while the distal forearm is held firmly. The wrist is maintained in a neutral position while the hand is  
moved into full radial deviation. The ulnar side of the carpus is forced into further upination and a 
volar subluxed posit ion. At this point, the hand is moved from radial  to ful l  ulnar dev iat ion.  
M i dcarpal instab i l ity secondary to excessive l igamentous laxity or rupture al lows the capitate to 
sublux volarly from the lunocapitate fossa during this maneuver. 

The pivot shift test of m idcarpal instab i l i ty. This ma
neuver consists of supinating and subluxing volarly the 
distal row of the carpus. With the patient's elbow at 90°, 
the hand is  p laced in a fu l ly  supinated posit ion whi le  
the d istal forearm is  held firmly. The wris t  i s  main
tained in a neutral pos i t ion whi le  the hand is  111oved 
into full radial deviation. The ulnar side of rhe carpus is 
forced into further supination and a volarly subl uxed 
position. (Fro111 Watson HK, Weinzweig J :  Physical ex
aminarion of the wrist. Hand Cl i n  1 3 :27 ,  1 997. with 
permission.) 

CARPOM ETACARPA L  J O I N T  

24. Do a l l  five carpometacarpal (CMC) joints demonstrate equal motion? 
Absolutely not. The CMC joints l ink the digital rays with the carpus. The normal hand has no 

cl in ically detectable mobi l ity at the second and d1ird CMC joints and only several degrees of motion 
at the fourth CMC joint, which are functionally negligible. The fifth CMC joint has approximately 
20° of motion, which permit functional adaptation to the transverse arch of the palm. 
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25. Which is the most important of the CMC joints? 
The first CMC (trapeziometacarpal)  joint is functionally the most important joint of the thumb ray 

because it allows movement of the entire column of· the thumb. Movements of this joint are quite com
plex, involving multiplanar motion that includes anteposition, retroposition, adduction, and abduction. 

26. Degenerative joint disease most commonly involves which CMC joint? 
Although degenerative disease may involve any of the five CMC joints secondary to arthritis or 

trauma, the first CMC joint of the thumb is most commonly involved. 

27. What three tests are used to examine the first CMC joint? 
I .  Grind test. The examiner places the thumb and index finger of one hand on either side of the 

patient's CMC joint. While the metacarpal is  held with the examiner's other hand, the CMC joint is 
axially loaded. The examiner's first hand then moves the metacarpal base laterally in several direc
tions. Symptoms are exacerbated, grat ing and chondromalacia are palpated, and the qual ity of carti
lage is  determined. 

2 .  Adduction test. The examiner's thumb is placed on the midportion of the patient's first 
metacarpal whi le the fingers are placed along the length of the fifth metacarpal .  The first and fifth 
metacarpals are then passively adducted toward each other with gentle pressure. 

3 .  Abduction test. The patient's hand is positioned flat with the palm facing upward. The exam
iner's index and middle fingers are placed on the volar aspect of the phalanges or metacarpal of the 
patient's thumb as the thumb metacarpal is passively abducted irno the plane of the finger metacarpals. 

28. What is the carpal boss? 
The carpal boss represents a partial or complete coalit ion or synchondrosis of the second and 

third CMC joints. This anomaly is usually asymptomatic but may result in pain secondary to local
ized degenerative arthritis. 

29. How can you diagnose a carpal boss on examination'? 
Examination involves malal ignment of the second and third metacarpals .  The examiner grasps 

the heads of these bones with the thumb and index fingers of each hand and s imultaneously shifts 
one metacarpal head volarly and the other dorsally. Pain with this maneuver is  h ighly suggestive of a 
carp a I boss. 

EXT RAARTICU LAR CAUSES OF WRIST PA I N  

30. What i s  Finkelstein's test? 
Stenosing tenosynovit is of the first dorsal compartment, also known as de Quervain 's disease, is 

a common cause of wrist and hand pain, involving the abductor poll icis longus (APL) and extensor 
pol l ic is  brevis (EPB) sheaths at the radial styloid process. The findings of local tenderness and mod
erate swel l ing of the extensor retinaculum of the wrist over the first dorsal compartment and a posi
tive Finkelstein's test confirm the diagnosis. This test is performed by having the patient grasp his or 
her own thumb w ithin the ipsi lateral palm. Moderate-to-severe pain is e l icited as the patient's wrist 
is brought from radial deviation into extreme ulnar deviation. 

31. What is a " wet leather" sign? 
Crepitu s with tendon movement, suggestive of an i n flammation- induced change in the syn

ovium or synovit is ,  is  known as a wet leather sign. 

32. How can you evaluate a problem involving the sheath of the ECU? 
The ECU sheath extends from the ECU groove on the ulnar head to the dorsal base of the fifth 

metacarpal. Condit ions such as ECU synov it is  or tendini t is ,  subluxation, stenosis,  and partial rup
ture resul t  in pain on d irect palpation of the tendon at the leve l of, or just d i stal to, the ulnar head 
with the wrist in ulnar deviation. 

33. How can you diagnose a fracture or degenerative disease of the pisiform? 
Pis iform fractures are uncommon, representing approximately I %  of all carpal bone fractures. 

D iagnosis is often overlooked because roughly 50% of all p is i form fractures are associated with 
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more severe upper extremity injuries. In addition, pisiform fractures are missed because they are dif
ficult to see on routine radiographs of the wrist. Subpisiform degenerat ive joint disease, usually sec
ondary to delayed diagnosis of pisiform fractures or untreated injuries, is another infrequent etiology 
of ulnar wrist pain. Examination of the pis ifonn is performed quite easily by loading the subpisiform 
joint laterally as with the thumb CMC joint. 

34. How can you diagnose an injury or fracture of the hook of the hamate? 
Pain secondary to an acute fracture or nonunion of the hook of the hamate may be an e lusive 

cause of wrist pain. Examination of the hook of the hamate is performed by deep palpation over 
the tip of the hamular process in the palm by the examiner's thumb and by pressure on the dorsal 
u lnar aspect of the same bone with the examiner's index and middle fingers. The hook is eas i ly  
located by first placing one's thumb on the volar pisiform. Movement approximately 2 cm along 
a l ine connecting the pisiform to the head of the second metacarpal (45° angle) locates the hamular 
process. 

35. How can you diagnose flexor carpi radialis (FCR) tendinitis? 
FCR tendini t is ,  often seen in laborers who perform repetit ive wrist motions. may cause pain 

over the flexor aspect of the wrist. On examination, pain i s  e l ici ted by palpating over the osteofi
brous FCR tunnel, which begins approximately 3 cm proximal to the wrist and extends to the main 
insertion of the FCR on the base of the second metacarpal .  In our experience, the region of greatest 
acute tenderness is  an area less than I cm in diameter centered where the FCR tendon enters the 
trapezium tunnel at the level of the wrist crease. Pain usual ly  increases with resi ted wrist flexion 
and resisted radial deviation of the wrist. 

36. What is intersection syndrome? How can it be diagnosed on examination? 
Pain and swel l ing of the muscle bel l ies of the APL and EPB in the area where they cross the 

common radial wrist extensors are characteristic of intersection syndrome. This area i s  approxi
mately 4 cm prox imal to the radiocarpal joint. With severe cases, swell i ng, redne s ,  and crepitus 
may be found. Examination of the region with gentle palpation e l ic i ts  marked tenderness. 
Tenosynovitis of the second dorsal compartment is the cause of this disorder, which occurs less com
monly than de Quervain's disease and must be differentiated from it .  

37. What are substitution maneuvers? 
Fictit ious complaints presented for secondary gain can be difficult to dist inguish from actual 

symptoms. To do so, i t  is  necessary to incorporate within the physical examination a number of sub
stitution or distraction maneuvers. These maneuvers take advantage of the cl inician's knowledge of 
wrist anatomy and biomechanics as wel l  as the patient's ignorance. Two of our own ubstitution ma
neuvers are presented below. However, even more important than any of these maneuvers i under
standing why they are so usefu l .  With that understanding, a myriad of addi tional subst i tu t ion 
maneuvers can be devised. 

l .  ANA substitution maneuver. With the wrist in radial dev iation, the ANA junction i s  ob
scured by the radial styloid, and no amount of thumb pressure in this region results in pain. With the 
patient distracted, the wrist is gradually brought into ulnar dev iation while the pres ure is constantly 
applied. Only in ulnar deviation, with the ANA junction exposed to thumb pressure, should pain be 
el icited. Pain described while the wrist is in rad ial deviation should be noted as a positive substitu
tion maneuver. 

2. Flexor pollicis longus (FPL) substitution maneuver. A patient attempting to feign hand or 
wrist weakness wi l l  do so without knowledge of muscular innervation patterns. This becomes ex
tremely important during examination for carpal wnnel syndrome, in which the application of a sub
stitution maneuver can be used to assess weakness of the thenar muscles. Such thenar weakness is 
secondary to compression of the motor branch of the median nerve. The FPL. which is inner ated by 
the anterior interosseous branch of the median nerve, is completely unaffected in the worst case of 
carpal tunnel syndrome or v i rtually any wrist disorder. In the cooperative patient i t  i all but impossi
ble to overcome a ful ly flexed FPL. Thus, FPL weakness in any patient, other than one with anterior 
interosseous syndrome, should alert the examiner. 
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1 1 5 .  RADIOLOGIC EXAMINATION O F  TH E WRIST 

Viktor M .  Metz, M D , a nd Lou is A. Gil u la ,  M D .  

1 .  How should t h e  standard posteroanterior 
(PA) radiogram for examination of the wrist be 
obtained? 

The standard PA v iew should be obtained with 
the elbow flexed 90° and the shou lder abducted 
90°. The hand (not the wrist) is placed palm flat on 
the cassette (w i th no flex ion, extension, or dev ia
tion). The central beam is perpendicular to the cas
sette and is centered over the capitate head. 

Standard neutral PA view of the wrist showing col l inear 
al ignment of the axis of the th i rd metacarpal shaft with 
the m id  ax i s  o f  the rad i us .  The u lnar styloid process 
(curved whire arrow) i s  projected most ulnar. The exten
sor carpi u lnaris ( ECU)  groove (arrowhead) i s  radial to 
the base of the u lnar styloid. There is  para l le l ism of the 
art i cu lar su rfaces of the second through the fifth car
pometacarpal joints (black rhick arrows), indicating that 
the pa lm is flat on the x-ray cassene. The scaphoid fat 
pad (open arrows) is evident on this PA view. 

2. What criteria identify an adequate PA view? 
I .  The third metacarpal shaft has col l inear al ignment with the mid axis of the radius ( indicating 

the absence of radial or ulnar dev iation). 
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2 .  The extensor carpi ulnaris groove projects radial to the midpoint of the ulnar styloid ( indicat
ing that the elbow is at shoulder height) .  

3 .  The second through fi fth carpometacarpal joints should be evident by rec gnizing parallel 
articular cortices at these joints. Lack of profile of these joints is caused by extensi n of the wrist or 
nexion at the MP joints. 

3. Why is it important to obtain adequate PA views of the wrist? 
Ulnar variance measurements should not be made on a PA v iew of the wrist that does not meet 

the above criteria because adducting the elbow toward the patient's side usually makes the ulna more 
positive ( longer in length than the adjacent radius). 

4. How should the standard lateral view of the wrist be obtained? 
The standard lateral v iew should be obtained with the 

e lbow flexed 90° and adducted against the trunk. The central 
beam is perpend icular to the cassette and is centered over the 
head of the capitate. I f  the lateral v iew is performed correctly, 
the palmar surface of the pis iform bone is located between the 
ventral cortex of the head of the capitate and the ventral cortex 
of the distal pole of the scaphoid. Th is is termed the scaphopiso
capitate (SPC) relationship. 

Standard lateral radiograph of the wrist. The pal mar surface of the pisi
form bone (s1raig/11 black arrow) is projected 2 mm dorsal to the d istal 
ventral pole of the scaphoid (curved black arrow). The pronator quadra
tus fat pad (long while arrows) is seen on the lateral view and is  straight. 

5. What does the scaphoid bone do on a PA view obtained in ulnar deviation? 
The scaphoid elongates because it t i lts dorsal ly. In this view the long axis of the scaphoid is seen 

much better than in the neutral PA view. This view is particularly helpful for detection of scaphoid 
fractures because the scaphoid waist is more in profile. 

6. What are the pronator quadratus and the scaphoid fat pads? What is their importance? 
The pronator quadratus fat pad, seen on the lateral radiograph in question 4. l ies between the 

pronator quadratus muscle and the volar flexor tendon sheaths. The scaphoid fat pad (see figure in 
question 1) l ies between the radial collateral l igament and the abductor pol l ic is longus tendon. These 
fat pats are disturbed in trauma and may suggest occult fractures. The fat pads are abnormal when 
they are bowed (convex) away from the adjacent bones. 

7. What is a Colles' fracture? 
A Colles' fracture is a fracture of the distal radial epiphyseal or met.aphyseal area with the distal 

fracture fragment displaced or angu lated in the dorsal direction. The fracture 1 ay occur with or 
wi thout intraarticular involvement. It is the most common fracture ol the dis tal  radius and occurs 
most often in older patients. The mechanism of injury is a fal l  on the dorsiflexed hand. 
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Typical Colles' fraclure of 1he dis1al rad ius wi1h Lhe dis1al fracture 
fragmenl angulaled in lhe dorsal d i reciion (arrow). 

8. How are Colles' fractures classified'? 
There are several different classi fication schemes for distal radius fractures. The classification of 

Coll es' fractures by Fry km an has gained wide acceptance in some areas of the world. Frykman divides 
the fractures into eight types based on the presence of intraart icular involvement of either the radiocarpal 
or the distal radioulnar joint and the presence or absence of an associated fracture of the ulnar styloid. 

9. What is a Smith 's fracture? 
A Smith 's fracture i s  a fracture of the distal rad ial epiphyseal or metaphyseal area with the d istal 

fracture fragment displaced or angulated in the volar d i rection. L ike a Coll es' fracture, a Smi th 's 
fracture may occur with or wi thout intraart icular involvement and with or w i thout an associated 
fracture of the ulnar styloid. The common mechanism of injury is a fall on the volar nexed wrist. 

10. What is the definition of a Barton's fracture'? 
A Barton's fracture is defined as an intraart icular fracture of the posterior or anterior (reverse 

Barton's fracture) rim of the distal radius with (in contrast to Smith's and Colles' fractures) accom
panying palmar or dorsal displacement of the carpus with the radius fragment, respectively. 

1 1 .  What is a fracture of the radial styloid process called? 
A fracture of the radial styloid process is cal led a chauffeur's fracture (eponym: Hutchinson's 

fracture). I t  i s  an intraarticular fracture in which the fracture l ine usually runs through the junction of 
the scaphoid and lunate fossae of the radius and courses radially in an oblique direction. The mecha
nism of injury is axial compression of the scaphoid bone against the radial styloid. 

12. What is the most frequently fractured carpal bone? 
The most frequently fractured carpal bone is the scaphoid. Scaphoid fractures account for 60-

70% of all carpal injuries; 70% are located in the waist of the scaphoid, 20% are located in the prox
imal pole, and I 0% involve the distal pole. 

13. What are the complications of scaphoid fractures? 
Compl ications of scaphoid fractures include delayed union, nonunion, malunion, and avascular 

( i schemic) necrosis .  The tendency for these complications depends on the fracture site. In general, 
the prognosis  is best in cases of fractures of the distal third and worst in fractures of the proximal 
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third because proximal fractures invariably compromise the blood supply of the proximal fracture frag
ment. Increased density of the fracture fragment is commonly seen in the healing scaphoid fracture, es
pecially when examined with computed tomography (CT). This finding is due to decreased vascularity 
of the proximal pole; as a result, the proximal pole does not demineralize as much as the distal pole. 
Usually with healing, revascularization of the proximal pole occurs and density differences disappear. 
Less commonly, true necrosis, identified by fragmentation or bone volume loss, may occur. 

PA radiograph of a patient who suffered a caphoid fracture, 
treated with a plaster cast. Clear evidence of increased density 
of the proximal fracture fragment (arrow) indicates decreased 
vascularity of this proximal pole. I ncreased density is not syn
onymous with avascular necrosis. Avascular ( ischemic) necro
sis with fragmentation and col lapse may or may not develop. 

1 4. What is the difference between static and dynamic instabilities of the wrist? 
In general, the term carpal instability describes abnonnalit ies in the al ignment of carpal bones. 

Static instabil i ties are constantly present and can be diagnosed on a routine (static) radiographic ex
amination ( PA and l ateral v iews). Dynamic instabi l it ies, however, are not always seen on routine 
static radiographs. Dynamic instabi l i ties need stress or motion to produce the instabi l ity and there
fore may be diagnosed by obtaining instabi l i ty series or stress maneuvers recorded with v ideotape, 
fluoroscopic spots, or overhead views with applied stress. 

15. What is rotary subluxation of the scaphoid (RSS)? 
RSS (or scapholunate dissociation) is  the most frequent type of wrist instabil ity. The scapholu

nate joint space is of abnormal width because of rupture of the scapholunate and adjacent l igaments 
and capsule. In patients with an associated rupture of the volar radiocarpal l igaments, the scaphoid 
bone t i l ts volarly. This condition is  called RSS. Because of the volar t i lt ing the scaphoid foreshortens 
and displays a signet-ring shape on the PA neutral v iew. The signet ring is  so cal led because of the 
appearance of a stone in the middle of a ring. The shape results from the distal half of the scaphoid 
overlapping the proximal part of the scaphoid at its waist. 

A view of the wrist of a patient with rotary subluxation of 
the scaphoid. The scapholunate joint space (arrow) i s  ab
normally wide because of rupture of the scapholunate l ig
ament. A signet-ring shape of the scaphoid (curved arrow) 
is evident because of its volar t i l l ing due to rupture of ad
jacent extrinsic I igaments. 
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1 6. What are the two major types of carpal dislocations? 
Carpal dis locations are divided into two major types: lunate 

and perilunate dislocations. Under normal conditions on the lat
eral radiograph, the lunate is centered over the radius fossa, and 
the capitate is centered over the lunate Fossa. In general, 
whichever bone is centered over the radius ( lunate or capitate) is 
the bone that is considered to be in normal anatomic alignment. 
In lunate dislocation the lunate is displaced ventrally or dorsally 
and the head of the capitate is centered over the radius. In perilu
nate instabi l ity the lunate remains in anatomic position, and the 
capitate is displaced with respect to the radius. If neither the 
lunate nor the capitate is centered over the radius, the condition is 
called a midcarpal dislocation because both the lunate and capi
tate are separated from each other. 

Righi, Midcarpal d islocation. The l unate ( L) is displaced ventrally, 
whereas the capitate head (C) is centered over the dorsal portion of the 
radius. This condition is  between a perilunate and a lunate dislocation. 
Often a perilunate d islocation precedes or is the first stage of a lunate 
dislocation. 

1 7. What is the role of CT in carpal trauma? 

In selected cases, if  routine 
radiograms are inconcl usive,  
CT has become increasingly 
popular for diagnosing trau
matic wrist disorders. CT is 
useful to evaluate complex car
pal trauma, to detect loose in
tra.art icular bodies, to visual ize 
bone graft material, and to de
termine the degree of fracture 
healing. 
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Above, Axia l  CT of the distal radius and u lna. With CT, 
intraarlicu lar involvement of a fracture and the degree of 
fracture fragment d isplacement are belier demonstrated 
than with convent ional radiographs. This example shows 
an extensively comminuted fracture of the distal radius 
with involvement of and d isplacement at the d istal ra
dioulnar joint. The top of the image is  volar with respect 
to the bot1om. 

Leji, Coronal CT scan of the wrist demonstrates a 
scaphoid waist fracture. Sclerotic margins of the fracture 
fragments and no evidence of bony bridging of the frag
ments indicate nonunion of the fracture (arrow). 
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18. What are the advantages of MRI for diagnosis of wrist disorders·? 
MRI  is the only imaging technique that al lows simultaneous and direct visua l ization of bony, 

cartilaginous, and l igamentous structures of the wrist. Because of improvement in examination tech
niques and development of special wrist surface coils, MRI has become an important imaging tech
nique.  It is  useful for d irect v isual ization of the intrinsic and extrinsic wrist l igaments and their 
disorders and extremely sensitive and specific for detection of early stages of avascular necrosis of 
carpal bones. I n  addition, MRI has become an important imaging technique for detection of occult  
wrist  fractures. 

Leji, Coronal MRI  of the wrist al lows precise and direct visualization of the intrinsic interosseous scapholunate 
and lunotriquetral l igaments (arrows) as triangular structures of low signal intensity. Righr, 0 the coronal MRI 
of the wrist in  a patient with a c l inically suspected scaphoid fracture, a fracture through the proximal third of the 
scaphoid is evident (arrows). The fracture was not seen on radiographs. 
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1 1 6 .  FRACTURES O F  TH E CARPAL BON ES 

J ames Lilley, M D ,  Mark Ha likis , M D ,  and J ulio Taleisn ik ,  M . D  

What is the relative incidence of carpal fractures? 
Scaphoid 79% Lunate 1 %  
Triquetrum 1 4% Pisiform 1 %  
Trapezium 2.3 % Capitate 1 %  
Hamate 1 .5% Trapezoid 0.2% 
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2. What is the blood supply to the scaphoid? Why is it important ? 
The superfic ia l  pal mar branch and the dorsal carpal branch of the rad ial artery feed the d istal 

pole of the scaphoid. I ntraosseous vessels flow retrograde to supply the proximal pole. Fractures 
through the scaphoid's waist can sever the blood supply to the proximal pole, leading to avascular 
necrosis (AYN) of the proximal fragment in as many as one-third of cases. An even higher incidence 
of AYN is found in more proximal fractures. AYN is associated with nonunion and persistent symp
toms of pain or instabi l i ty of the wrist. 

SUPERFICIAL 
PALMAR BRANCH 
RADIAL ARTERY 

VOLAR DORSAL 

DORSAL 
CARPAL BRANCH 
RADIAL ARTERY 

The dorsal blood supply to the scaphoid via the dorsal carpal branch of the radial artery and the volar blood supply 
via the superficial pal mar branch of the radial artery enter the distal pole of the scaphoid. Blood supply to the prox
imal pole is intraosseous and retrograde. Fractures to the waist of the scaphoid disrupt this intraosseous supply and 
may lead to avascular necrosis of the proximal pole. (From Amadio PC, Taleisnik J:  Fractures of the carpal bones. In  
Green DP (eel): Operative Hand Surgery, 3rd ed. New York, Church i l l  Livingstone, 1 993, p 80 I ,  with permission.)  

3. What is the typical presentation of a scaphoid fracture? 
The typical patient is a young man who has fallen on an outstretched palm and extended wrist . 

He presents with pain and swell ing of the radial wrist. The presence of tenderness in the anatomic 
snuffbox should lead to a presumptive diagnosis of fracture until radiographic examination proves 
conclusively negat ive. 

4. What is the anatomic snuffbox? 
It is a small triangular depression just distal and dorsal to the radial styloid. The extensor polli

cis brevis (EPB) and abductor pol l icis longus (APL) form its volar border as they run together in the 
first dorsal compartment of the wrist. The extensor pol l ic is longus ( EPL) forms the dorsal border. 
Extension of the thumb demonstrates the borders best. With ulnar deviation the scaphoicl is uncov
ered by the radial styloicl and is palpable at the floor of the snuffbox. 

5. What radiographic views should be included in the initial work-up of a scaphoid fracture? 
Four v iews have been found to ident ify 97% of scaphoid fractures: one posteroanterior (PA) ,  

one lateral, and two obl ique projections, the supinatecl and pronatecl obliques. The clenched fist posi
tion or active ulnar dev iation in the PA view places the scaphoid more para l le l  to the film and im
proves visual ization of the fracture .  Several authors favor the ulnar deviation PA v iew in l ieu of the 
supinatecl obl ique. The lateral v iew helps to v isual ize fractures in the coronal plane and to assess the 
degree of scaphoid fracture angulation. 

6. What is an occult scaphoid fracture? 
A completely nonclisplacecl fracture or occult fracture may not appear on plain fi lms initial ly. A 

period of I 0- 1 4  clays may be required for resorption to occur at the fracture site before it is v isible 
radiographical ly. Alternatively, a bone scan may provide this information sooner. A negative scan 
excludes a fracture; a posit ive scan may warrant trispiral or computed tomography (CT) studies to 
confirm the presence of fracture and define its anatomy. 
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7. What is the navicular fat stripe sign? 
I t  is  a small radiolucent l ine in the soft tissues radial to the carpus as seen on the P v iew. A pre

served fat stripe or fat pad is evidence that the scaphoid is  intact. Fracture leads to radial displace
ment or (usually) obliteration of the fat stripe. 

8. What are the important classification systems of scaphoid fractures? 
The middle third or waist of the scaphoid is the most common location of injury. ost treatment 

recommendations are directed to waist fractures, which Russe subclassifies by the anatomy of the 
fracture. The plane of the fracture is  defined in relation to the long axis of the scaphoid. Horizontal 
oblique fractures, the most frequent of the wrist fractures, are perpendicular to the long axis of the 
l imb but obl ique in relation to the longitudinal axis of the scaphoid. These are stable and should heal 
with 6-8 weeks of immobi l i zation. Transverse fractures are less common and less stable, for al
though perpendicular to the long axis of the scaphoid, they are oblique in relation to the long axis of 
the l imb. Healing occurs i n  6-- 1 2  weeks. The rare vertical oblique pattern is less stable and requires 
even longer immobil ization, because i t  is  more subject to shear forces along the long axis of the l imb. 

Cooney and others have recognized the importance of fracture displacement and angulation in 
predicting stabil i ty. Nonunion rates climb 10- to 20-fold when displacement of greater than l mm is 
found on any radiograph ic  v iew. Angulation, which is  suggestive of carpal instabi l i ty, also con
tributes to nonunion. Examples include scapholunate angles greater than 60° or a radiolunate angle 
greater than 1 5°. Herbert published an alphanumeric classification scheme that incorporates fracture 
anatomy, chronicity, and stabil ity factors. Unstable or type B fractures include distal oblique, com
plete waist, proximal pole, and transscaphoid perilunate fracture dislocations. Prognostic informa
tion is developing from this system as i t  is adopted by other authors. 

TYPE A: 
STABLE ACUTE FRACTURES 

TYPE B: 
UNSTABLE ACUTE FRACTURES 

� � � � 
DISTAL OBLIQUE COMPLETE FRACTURE PROXIMAL POLE 

FRACTURE OF WAIST FRACTURE 

TYPE C: 
DELAYED UNION �c u DELAYED UNION 

TYPE D: 
ESTABLISHED NONUNION 

TRAN�SCAPHOIO

PERILUNATE 

FRACTURE DISLOCATION 

OF CARPUS 

FIBROUS UNION PSEUOARTHROSIS 

Herbert's alphanumeric classification systems 
of scaphoid fractures. (From Amadio PC, 
Taleisnik J: Fractures of the carpal bones. In 
Green DP (ed): Operative Hand Surgery, 3rd ed. 

ew York, Churchi l l  Livingstone. 1 993, p 805, 
with permission.) 

9. How does a scaphoid fracture contribute to wrist instability? 
The wrist can be understood as a three-bar l inkage with the distal carpal row, the proximal row, 

and the radius forming l inks in a chain. Like a chain, this construct is stable in tension but unstable 
in compression. It requires a stabi l izing bar to support compression. The scaphoid provides this sta
b i l i ty by its connect ion d istal ly to the capitate and proximally to the lunate. D isruption of the 
scaphoid renders the carpus unstable and subject to col lapse. The radius ,  lunate, and capitate ai·e 
then no longer col inear. Most frequently, the lunate ti lts dorsally with the attached proximal pole of 
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the scaphoid. Loading of the distal fragment by the trapezium and trapezoid favors axial compres
sion, causing the distal fragment to flex while the proximal fragment extends and thus creating a 
volar flexed "humpback" position of the scaphoid. This deformity contributes to delayed heal ing of 
the fracture, because it maintains malal ignment across the scaphoid waist . 

The three-bar l inkage 111odel of  the wrist predicts stability 
in  tension (panel A)  and col lapse in co111pression (panel B) 
unless an addit ional stab i l iz ing link is added to the con
struct (panel C). S = scaphoid, the stabilizing l ink; L = the 
lunate; C = capitate; and R = radius. ( Fro111 A111adio PC, 
Taleisnik J: Fractures of the carpal bones. In Green DP (eel): 
Operative Hanel Surgery, 3rd eel. New York, Churchi l l  
Livingstone, 1 993, p 863, wi th  permission.) 

A 

B 

• 

c 

� 
�· 

1 0. What are the essentials of closed treatment of scaphoid fractures? 
Unstable scaphoid fractures are treated with open reduction and internal fixation (ORlF) in most 

cases. Stable or nondisplaced fractures may be treated by closed methods. The use of short- or long
arm casting is  controversial .  Although reports show a statistical ly significant decrement in heal ing 
time with inclusion of the elbow, short-arm casting of stable scaphoid fractures yields a 95% union 
rate in an average of I I weeks. Therefore, stable fractures may be treated in a short-arm thumb spica 
cast. However, inclusion of the elbow is recommended by several authors for initial immobil ization 
fol lowed by short-arm casting until radiographic union. Electrical stimulators have been used to pro
mote healing of the scaphoid, but prospective double-bl ind studies that demonstrate efficacy are 
lacking. This type of therapy is much more costly than casting alone. 

1 1 . What are the indications to operate on a fracture of the scaphoid? 
Displacement greater than 1 mm or angulation demonstrated by a scapholunate angle greater 

than 60° or a radiolunate angle greater than 1 5° are considered significant. Displaced or angulated 
fractures, fractures that demonstrate no healing at 6- 1 2  weeks, and nonunions that have fai led closed 
treatment after 6 months are best treated surgically. Very proximal fractures, which are at higher risk 
for nonunion and avascular necrosis, are also good candidates for surgical treatment. I ndeed, routine 
internal fixation is  recommended for these proximal fractures. 

1 2. What surgical options are available? 
f nternal fixation with K-wires is indicated for fracture associated with dis location or l igamen

tous instabil ity. Smooth wires are also useful to fix an avascular fragment; a minimum of three wires 
is  needed. The Herbert screw is a proven method for osteosynthesis of the scaphoid. The larger pitch 
of the leading threads compared with the trailing threads is designed to provide compression across 
the fracture. The screw is counter-sunk below the articular surface and is general ly not removed. The 
internal fixation provided by the screw allows more rapid mobi l ization of the wrist. Russe described 
using i l iac crest strips alone for fixation to improve healing potential .  Heal ing rates are comparable 
to those of the Herbert screw plus bone graft. Recognizing the problems associated with the flex ion 
or "humpback" deformity, Fisk and Fernandez described the use of a volar-placed wedge of bone to 
reduce the deformity. This corticocancellous graft can be fixed with wires or a screw at the nonunion 
s i te .  The use of a vascularized bone graft swung on a pedicle has been described for fai led grafts. 
Several techniques are described, including osteotomy of a portion of the pronator quadratus inser
tion, which is rotated distally with a strip of muscle attached. 
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13. What differences are seen in pediatric scaphoid fractures? 
Most commonly they are in  the d istal third (59%) and tubercle (33%) .  Very few are displaced. 

They can and should be treated by closed technique until skeletal maturity unless gr ssly displaced. 

14. Describe the surgical approaches to the scaphoid. 
The key landmarks of the volar or Russe approach are the tuberosity of the scaphoid and the tendon 

of the flexor carpi radial is (FCR). A curvi l inear skin incision that crosses the wrist crease obliquely 
should allow access to both l andmarks. Longin1dinal division of the deep fascia radial to the FCR allows 
radial retract ion of the radial artery and ulnar retraction of the FCR and palmar cutaneous branch of 
the median nerve. The volar radiocarpal joint capsule can be incised to expose the scaphoid. The ex
posure i s  extended by division of the thenar origin distally and the pronator quadratu proximally. 

The dorsolateral approach to the scaphoid has the disadvantage of crossing the branches of the su
perficial radial nerve as well as endangering the blood supply to the scaphoid; however, i t  provides better 
access to the proximal pole. The nerve is retracted in a dorsal or volar direction as needed. The extensor 
fascia is divided longitudinally, and the artery is exposed and retracted volarly with care to preserve the 
dorsal carpal branch. The proximal pole is then well demonstrated by ulnar deviation of the wrist. 

15. Can the scaphoid be fixed arthroscopically? 
Patients with nondisplaced scaphoid fractures who cannot commit to 8- 1 2  weeks of immobi

l ization are candidates for arthroscopically ass isted fixation using the Herbert-Whipple screw, a can
nulated modification of the Herbert screw. A guidewire is placed under arthroscopic guidance across 
the fracture,  and a second, paral le l  wire is used for derotation. The screw is introduced volarly 
through a small incision and passed over the guidewire. 

16. What is Kienbiick's disease? How is it related to fractures of the lunate? 
Fractures of the lunate a.re rare when distinguished from K ienbock's disease or AVN of the lunate. 

The etiology of K ienbock's disease is uncertain. I t  is possible that in some cases a fracture predisposes 
the bone to AYN, which leads to later collapse. Alternatively, other factor may impair blood flow to 
the bone, causing the necrosis, which, in turn, leads to collapse and fracture. (See chapter 1 1 7. )  

17. What i s  the typical presentation and work-up of a triquetral fracture? 
Isol ated triquetral fractures are common ly avulsion or shear fractures from a hyperextension 

injury with ulnar wrist pain, swel l ing, and tenderness. Wrist hyperextension may cause the hamate 
or ulnar styloid to impinge on the triquetrum,  causing a dorsal shear fracture. Acute wrist pal mar 
flexion may lead to an avulsion fracture by the dorsal radiotriquetral l igament. Obl ique radiographs 
are the most helpful .  Treatment in a splint is adequate. Triquetral fractures are also a sociated with 
perilunate fracture dislocation. S imple fractures are treated with splint immobi l izati n . 

18. How are pisiform fractures best diagnosed and treated? 
Typically resu l t ing from a direct blow, pis iform fractures present wi th ulnar and volar wrist pain 

and unmistakable tenderness. Supinated oblique and carpal tunnel radiographic views are most help
ful. Cast treatment has not proved to alter the natural h istory of the injury, but i t  i s  recommended by 
several authors over spli nting. Symptomatic nonunions do well with exc ision of the pis i form. 

19. What rare carpal fracture is associated with cyclists? 
Trapezia! fractures, which are seen best with a Sett's oblique view of the trapezium and may be 

treated by closed technique in a short-arm thumb spica cast if nondisplaced. Displacement is often 
intraarticular and requires ORIF. Nonunion is treated with partial or total excision, fusion, or inter
posi tion arthroplasty. 

20. Which carpal fracture is associated with golf and racquet sports? 
Fractures of the hook of the hamate. A dull ache in the ulnar wrist (even dorsally) or hypothenar 

eminence may be associated with chronic and acute trauma to the area, especially in  golf, basebal l ,  or 
racquet sports. The symptoms are aggravated by lateral movement or flex ion of the l i t t le finger. 
D iagnosis requires radiographic evaluation that includes oblique and carpal runnel views. Standard 
or computed tomography of the wrist may be needed to clarify the plain fi lm images. Immobi l ization 
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reduces the risk of nonunion. Excis ion provides rel i able rel ief for patients who fail conservative 
therapy for symptomatic nonunion. 

21 .  What is scaphocapitate syndrome? 
The scaphocapitate syndrome i s  caused by fractures through the waist of the capitate and 

scaphoid waist with rotation of the proximal capitate fragment 90- 1 80°. I f  recognized early ( 3-4 
weeks) ,  both fractures may be treated with ORIF. I njuries recognized late may be treated expec
tantly, with arthrodesis reserved for persistent symptoms. Moreover, AYN is a sequel to chronic or 
acute injury of the capitate because the blood supply to the proximal pole is tenuous. 

22. How do scaphoid fractures contribute to wrist arthritis? 
Pat ients with a symptomatic nonunion of the scaphoid have been shown to undergo a pre

dictable pattern of wrist arthrit is .  Because the distal fragment is unrestrained after fracture, it tends 
to rotate. This rotation makes the distal articulations incongruous and promotes degenerative change. 
The proximal articulations are spared because they are spherical and because the proximal fragment 
remains stabil ized by the radioscaphoid and scapholunate l igaments. The pattern of degeneration is 
simi lar to that seen in cases of rotatory subluxation of the scaphoid, also known as scapholunate ad
vanced collapse (SLAC) wrist. It refers to a pattern of progressive joint space and cart i lage loss that 
begins at the radial styloid and then progresses down the radioscaphoid articulat ion. The capitolu
nate and scaphocapitate articulations are later involved. S t i l l  further progression leads to hamatolu
nate degeneration and scapholunate dissociation as the capitate migrates prox imal ly. The radiolunate 
articulation is  always spared. (See chapter 1 20 . )  
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1 1 7 . KI E N BOC K ' S  D I S EAS E 

David C Kirn , M D , a nd David M .  Lich tman ,  M . D . 

1. What is Kienbiick's disease? 
Avascular necrosis (AYN) of the lunate. To varying degrees, collapse of the lunate is associated 

with avascular changes. This pathologic process may progress to carpal col l apse and u l t imately 
result in pancarpal arthritis. 

2. What age group and sex are most commonly affected? 
The male-to-female ratio is 2: I .  The most common age group affected is 20-40 year olds. 

3. What is the cause? 
The theories about the cause of Kienbock's disease are numerous and varied. In 1 843, before the 

advent of radiographs, Peste described lunate col lapse in anatom ic spec imens. He attributed this 
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finding to an acute, traumatic event. In 1 9  l 0, Robert Kienbi:ick noted col lapse and clerosis of the 
lunate on radiographs and attributed them to progressive vascular compromise resulting from repeti
tive wrist sprains and contusions. Based on the radiographic association of identifiable fracture l ines 
and lunate collapse, some authors believe that the characteristic lesions result from fai lure of lunate 
fractures to unite. Intrinsic factors such as ulnar variance, lunate vascularity, and intraosseous pres
sure gradients also have been impl icated as etiologic agents of K ienbi:ick's disease. 

4. What is ulnar variance? 
Ulnar variance is the relationship between the distal art icular surfaces of the radius and u lna. 

Zero variance refers to level art icular surfaces. Ulnar-minus variance is a relati  ely short ulna 
with respect to the radius or an ulna with a more proximal articular surface. Ulnar-plus variance 
refers to a long ulna relative to the distal radiu . 

5. What is the significance of ulnar variance to Kienbi:ick's disease? 
Data indicate a h igher incidence of ulnar-minus variance in patients with K ienbi:ick's d isease 

compared with the general population. Laboratory studies confirm that shortening the ulna results in 
increased shear stress across the lunate. These forces are translated across the lunate particularly i n  
dors iflexion and u lnar deviat ion. However, not a l l  authors agree that ulnar variance i s  a c l in ica l  
factor. In certa in Asian populations, for example, there is less  corre lation between variance and 
Kienbi:ick's disease. 

6. Does lunate vascular anatomy influence A VN? 
The extraosseous blood supply to the majority of l unates consists of contributions from the 

radial, ulnar, anterior intraosseous, and deep palmar arch arteries. These arteries coalesce to form a 
rich vascular plexus on the dorsal and palmar lunate surfaces. Furthermore, most l unates have a 
complex intraosseous network of anastomoses between the dorsal and pal mar ves e ls .  However, 
some lunates have only a single palmar vessel with minimal internal branching--e pecial ly to the 
proximal surface. These are the lunates that may develop AYN after traumatic arterial disruption.  
Recent data demonstrate that in K ienbi:ick's disease, intraosseous pressure in the lunate is h igher 
than measurements obtained from the radial styloid, capitate, <rnd normal lunates. This finding may 
imply that venous congestion rather than primary arterial insufficiency is the precipitating event. 

7. What are the symptoms of Kienbi:ick's disease? 
The sine qua non of Kienbi:ick's disease is wrist pain. Although the patient may relate a precipitat

ing n·aumatic event, the symptoms are usually insidious in onset. In the early stages, pain is localized 
to the area of the lunate and associated with symptoms of inflammation such as swelling and pain with 
motion. As the disease progresses, patients report stiffness, cl icking or grinding, and a concomitant 
crescendo in pain. Late-stage symptoms are consistent cl inically with carpal degenerative arth1it is .  

8. What are the physical findings? 
Varying degrees of swel l ing may be found along the dorsum of the wrist, part icularly in com

parison with the contralateral side. Palpation demonstrates tenderness dorsal ly  about the l unate. 
Depending on the severity of the disease, grip strength may be decreased and range of motion may 
be painfu l .  Later in the disease the range of motion decreases, and there may be grinding and crepi
tus with motion. 

9. What are the radiographic findings? 
Although ini t ia l ly the radiographs may be normal, later they typical ly demonstrate increased 

density of the lunate accompanied by fracture l ines, fragmentation, and progres ive col l apse. 
Advanced col lapse i s  associated with proximal migration of the capitate, increased in terca..rpal 
widening of the proximal row, and pennanent flex ion of the scaphoid. The latter exhibits the charac
teristic ring sign on an anteroposterior view. 

10. What features are found on magnetic resonance imaging (MRI)? 
AYN typically involves the lunate in a di ffuse pattern. The hallmark finding of AYN is a uni

formly decreased signal intensity on both T l - and T2-weighted images. 
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1 1. What role does MRI serve in managing Kienbock's disease? 
The sensit iv ity and spec ific i ty of MRI  for carpal AYN are well  su i ted for the d iagnosis of 

Kienbock's disease. MRI  is  particularly useful in early stages when cl in ical findings are suggestive 
but radiographs are negative. Diagnosis in the early stage provides the basis for instituting the appro
priate treatment. Early increased signals on T2 images imply revascularization and a good prognosis. 

12. What is the differential diagnosis'! 
The differential diagnosis most typically includes rheumatoid arthritis, posttraumatic arthritis, 

synovial-based inflammatory diseases, fractures, carpal instabil ity, and u lnar abutment syndromes. 

13. List and describe the stages of Kienbock's disease. 
The Lichtman classification is  used to evaluate Kienbock's disease and to decide the most ap

propriate treatment: 
Stage I.  Radiographs are normal. Technetium bone scans are characteristically "hot," and MRI 

demonstrates diffuse decreased signals on T l - and T2-weighted images. Physical findings are indis
t inguishable from a wrist sprain. 

Stage II.  Density changes isolated to the lunate as indicated by sclerosis .  The lunate also may 
demonstrate fracture l ines or minimal collapse on its radial border. However, its overall size, shape, 
and relat ionship to the carpal bones are not significantly altered. Cl inical ly stage II is  represented by 
recurrent pain, swell ing, and wrist tenderness. 

Stage III.  Collapse of the lunate. Anteroposterior views exhibit a shortened lunate and elonga
tion in the sagittal plane, accompanied by proximal migration of the capitate. Stage IIIA is charac
terized by no fixed carpal derangements or instabil ity, whereas stage IIIB involves fixed rotation of 
the scaphoid, decreased carpal height, and ulnar migration of the triquetrum. Clin ically stage I l l  is 
characterized by progressive weakness, stiffness, and pain. Cl icking and clunking are also noted. 

Stage IV. In addition to the radiographic findings of stage I L LB ,  stage IV is associated with gener
alized degenerative changes in the carpus. Clinically this stage is indistingui shable from degenerative 
arthritis of the wrist. 

A/Jove leji . Stage I. T l -weighted MRI  shows 
marked signal reduction in the lunate, compatible 
with loss of blood supply. 
Top right, Stage I I .  Density changes in the lunate 
as indicated by sclerosis. Note the u lnar-minus 
variance. 
Bottom right, Stage I I IA .  Collapse of the lunate. 
There are no fixed carpal derangements. 
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Le/i, Stage 1 1 1 8 .  Decreased carpal height and proximal migration of the capitate. Note the scaphoid cortical ring 
sign (arrow). Right. Stage IV. Generalized degenerat ive changes in the carpus. 

14. How are the various stages of Kienbock's disease treated? 
See algorithm on facing page. 

15. Does immobilization have a role in the treatment of Kienbock's disease? 
In stage I, immobi l ization in a wel l-fitted short cast for up to 3 months is recommended. 

Although immobil ization may not el iminate all axial loads encountered during routine act ivities of 
dai ly l iv ing, it may prov ide an opportunity for the lunate to heal ( revascularize). 

16. How about simply excising the lunate? 
Excising the lunate alone does not prevent proximal migration of the capitate and carpal insta

bil ity secondary to disruption of perilunate l igaments. 

1 7. What about lunate excision arthroplasty? 
Historically both autogenous and synthetic "spacers" have been used for lunate excision anhro

plasty. Spacers are rarely used today because placement of an anchovy tendon graft, such as a coiled 
palmaris longus tendon, precludes direct or indirect lunate revascu larization procedures used for 
early stages of Kienbi:ick's disease. Furthermore, in advanced stages, spacers alone may not provide 
enough support to inhibit carpal col lapse. Artificial spacers such as s i l icone implants are no longer 
recommended because of the incidence of complications such as particulate synovitis and cyst for
mation in adjacent bones. 

18. Does altering ulnar variance affect revascularization? 
Both cl inical and biomechanical studies support the benefit of joint-leveling procedures-either 

radial shortening or ulnar lengthening. Such operations significantly decompress the lunate by redis
tributing the axial load from the lunate to the radioscaphoid and ulnocarpal joints. The lunate then 
presumably wi l l  revascularize spontaneously ( indirect revascularizat ion) .  We rec mmend rad ial 
shortening for stage II  or IHA disease before significant lunate collapse occurs. This procedure is  in
dicated only for the typical u lnar-m inus case. 

19. Can a lunate be revascularized by direct vessel reimplantation'? 
In the early stages of Kienbi:ick's disease, various direct revascularization techniques have been 

successful in reversing the progress of lunate collapse. Operations such as vascular bundle transfer 
of the second dorsal intermetacarpal artery and vein, pronator quaclratus peclicled bone grafts, and 
pedunculated p i s i form transfers have demonstrated restoration of lunate v iabi l i ty. The success of  
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Treatment Algorithm for Kienbock's Disease 

Stage I 

I 
Immobilization 3 months 

I 
No improvement 

~ 7-mmm Ulm-pl""� 
Radial shortening Revascularization 

Radial shortening 

Stage II/IHA � 
Ulnar-minus Ulnar-plus/neutral 

Stage IIIB 

I 
l ntercarpal fusion (STT or SC) 

Stage IV 

� 

� 
Revascularization 

or 

Capitate shortening 

or 

Radial wedge osteotomy 

Proximal row carpectomy or Total wrist fusion 
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direct revascularization, however, is predicated on performing the procedures before s ignificant 
collapse occurs. We use them in stage Il-l l IA for ulnar-plus cases ( in  which additional radius short
ening is contraindicated). 

20. When should intercarpal arthrodesis be considered? 
I ntercarpal arthrodesis for stage I I IB  Kienbbck's disease (carpal instab i l ity) provides a number 

of advantages. Al though arthrodesis biomechan ically unloads the lunate and encourages i ndirect 
revascularization, the premise of these procedures in stage I I IB  is to address the carpal instabi l i ty, 
i . e . ,  proximal m igrat ion of the capitate and scaphoid flex ion .  Furthermore, l im ited fus ions are 
durable and maintain functional wrist mobi l ity. A necrotic or fragmented lunate should be excised. 
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2 1 .  Which intercarpal arthrodesis is most appropriate? 
A triscaphe (STT) or scaphocapitate (SC) fusion i s  recommended in stage I I IB .  Both procedures 

place the scaphoid in its anatomic position in reference to the scaphoid fossa and provide stab i l ity to 
the midcarpal joint. Other intercarpal fusions have been investigated but do not unload the lunate 
biomechanically (e.g., triquetrohamate fusion). 

22. What salvage procedures are performed for advanced disease? 
In the presence of pancarpal arthrosis (stage IV Kienbi:ick's disease) e i ther a proximal row 

carpectomy (PRC) or total wrist fusion is  recommended. Factors such as the patient's physical de
mands, occupat ion, preexisting conditions, and the articular integrity of the prox i1 al capitate and 
lunate fossa of the radius are considered in choosing between the two procedures. 

CONTROVERSIES 

23. Are radial wedge osteotomies (closing or opening) effective procedures for Kienbock's 
disease? 

Laboratory studies yield confl icting data about the effect of radial wedge osteot my procedures. 
Increasing radial angle incl ination by an opening wedge osteotomy and decreasing angle incl ination 
by closing wedge osteotomy result in lunate decompression biomechanically. Although it is difficult 
to understand how both of these procedures can achieve the same biomechanical result, c l inical stud
ies to date report good results with closing radial wedge osteotomies. 

24. How about vascularized radial bone grafts? 
There are several reports of success with reverse-flow vascularized metaphyseal bone grafts for 

scaphoid nonunions. Described by Zaidemberg, the technique uses a dorsal radius graft based on an 
ascending branch of the radial artery-the 1 ,2 intercompartmental supraretinacular artery. Prel imi
nary data about s imi lar techniques for stage IDA Kienbi:ick's disease appears promising as an adjunct 
to prevent lunate col lapse, relieve wrist pain, and improve grip strength. More data and long-term 
follow-up are needed before the technique is accepted in the armamentarium for lunate AYN. 

25. What procedure is best suited for patients with ulnar-positive variance? 
For obvious reasons, radial shortening or ulnar lengthening is contraindicated. We currently rec

ommend direct lunate revascularization for early stages (I-II IA) .  A lternatively, a radial wedge os
teotomy or capitate shortening may be considered. STT or capitohamate fusion is best reserved for 
stage IDB,  regardless of variance. 
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Michael P Staebler, M D ,  Michael Belanger, M . D , and Edward Ake/ma n ,  M D . 

1 .  How do carpal dislocations typically occur? 
Most carpal dislocations result from extreme hyperextension injuries with intercarpal supination. 

This mechanism is usually due to violent trauma as in a fal l  from a height or a motor vehicle accident. 

2. What is the difference between a perilunate dislocation and a lunate dislocation? 
In a peril unate dislocation the lunate remains aligned with the radius while the rest of the carpus 

is displaced, usual ly dorsally. In a lunate dislocation the capitate remains aligned with the radius 
whi le the lunate is  volarly extruded from the carpus. 

3. How do patients with carpal dislocations typically present? 
Patients usual ly  describe a high-energy mechanism. However, physical exam findings may not 

be particularly dramatic init ial ly. Patients usually have diffuse mi ld-to-moderate swel l ing when seen 
early, but swe l ling is l i kely to increase significantly wi th time. Tenderness is di ffuse, and range of 
motion is  decreased significantly because of pain. Be aware of possible median nerve i njury from 
direct contusion at the moment of impact, compression of the nerve by the lunate, or swel l ing within 
the carpal tunnel. 

4. What is progressive perilunar instability? What are the stages? 
Progressive perilunar instabi l ity (PLI) is a term coined by Mayfield to describe the spectrum of 

l igamentous injuries involv ing the wrist .  I t  is  based on studies in which cadaveric wrists were sub
jected to loads in extension, u lnar deviation, and intercarpal supination. Four stages of l igamentous 
injuries with resulting carpal malalignment that eventually led to lunate dis locations were noted: 

Stage I: Scapholunate instab i l i ty. Tearing of the scapholunate in terosseous and volar ra
dioscaphoid l igaments results in scaphoid dissociation. 

Stage II: The midcarpal capsule is  also disrupted at the capitolunate joint, al lowing the capitate 
to dislocate dorsally. 

Stage I l l :  An avulsion fracture of the triquetrum or lunot:.riquerral l igament disruption results in 
a perilunate dislocation. 

Stage IV: Lunate dis location. Disruption of the dorsal radiocarpal l igaments al lows the l unate 
to displace volarly, whereas the rest of the carpus remains al igned with the radius. 

Progressive peri lunar instabi l i ty (PL!) .  The four stages of PL! , ac
cording to Mayfie ld 's sequence of l igamentous injury patterns, 
result in carpal instabi l i ty and, eventually, carpal dislocation. (From 
Green DP: Carpal dis locations and instabi l it ies. In Green DP (eel): 
Operative Hanel Surgery, vol 2, 3rd eel .  New York, Church i l l  
Livingstone, 1 993, p 869, with permission.) 
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5. What is the "spilled teacup" sign? What does it signify? 
Seen on a lateral wrist radiograph, the spil led teacup represents the lunate and signifies a lunate 

dis locat ion. Normal ly  the l unate, shaped l ike a kidney bean on a lateral radiograph, l ies with its 
convex surface against the distal radial articular surface and its concave surface holding the head of 
the capitate. In a lunate dislocation, the lunate has flipped volarly on its volar radiolunate l igament 
h inge so that the concavity (opening of the cup) faces into the carpal tunnel .  

6 .  Describe briefly the  various theories of  wrist carpal biomechanics. 
I .  Proximal and distal rows. The seven major carpal bones (exclud ing the pisiform, which is a 

sesamoid) are arranged in two transverse rows, a proximal and a distal row. The scaphoid acts as the 
bridge between the two rows. The proximal row includes the triquetrum, lunate, and proximal pole 
of the scaphoid; the distal row consists of the hamate, capitate, trapezium, trapezoid, and distal pole 
of the scaphoid. Motion occurs both between rows ( intercarpal) and within rows ( intracarpal) .  

2 .  Columnar carpus. Originally described by Navarro and modi fied by Taleisnik, this theory 
states that the carpus is composed of three columns: ( I )  central column ( lunate, capitate, ha mate, 
trapezoid, and trapezium); (2) lateral column (scaphoid); and (3) medial column (tr iquetrum). The 
central column is the main flexion/extension l ink along the axis of the radius, lunate, and capitate . 
The scaphoid acts as the stabi l iz ing or connecting l ink for the midcarpal joint. The triquetrum is the 
pivot point around which carpal and hand rotation takes place. 

3. Oval ring concept. Lichtman considers the carpus as a ring with two mobile l inks "permit
ting reciprocal motion between the proximal and distal rows during radial and ulnar deviation." The 
l inks include the scaphotrapezial and triquetrohamate joints. 

7. What is meant by lesser and greater arc injuries of the carpus? 
The lesser arch is an imaginary l ine or arc around the lunate that includes only oft tissue struc

rures (scapholunate l igament, capitol unate l igament, and l unotriquetral l igament). The greater arc 
consists of the bony structures around the lunate. Peri lunate dislocations may be purely l igamentous 
or also involve fractures. They are described by the carpal bones involved. For example, a peri lunate 
dislocation with an associated scaphoid and capitate fracture is described as a transscaphoid, trans
capitate perilunate fracture/dislocation. 

8. What is the significance of a chauffeur's or radial styloid fracture'? 
A fracture through the radial styloid may be a harbinger of a more serious l igamentous injury to 

the carpus. The energy that produced the radial styloid fracture may propagate throu0h the lesser arc, 
producing a scapholunate disruption or more significant PU. 

9. How can a dorsal perilunate dislocation be reduced? 
The technique described by Tavernier is usefu l .  Complete muscle relaxation is essential  for 

atraumatic reduction. This technique entails an initial period of 5- 1 0  minutes of continuous longitu
dinal traction in fingertraps with I 0-1 5  lb of weight to al low relaxation of muscle forces. After lon
g i tudinal traction, manual traction is maintained by the surgeon . The thumb of one hand applies 
gentle pressure to the volar aspect of the wrist to stabilize the lunate. With the other hand, the pa
tient's wrist is extended while longitudinal traction is  maintained. Gradually, the wrist is flexed, al
lowing the capitate to snap back into the concavity of the lunate. 

10. What is the best method of treatment for an acute perilunate/lunate dislocation or frac
ture/dislocation? 

In general, with the significant amount of l igamentous disruption and possible fractures assoc i
ated with these injuries, nonoperative management with closed reduction and casting is rarely satis
factory. A critical determ inant of successful reduction is the position of the scaphoid. A scapholunate 
angle greater than 80° with a scapholunate gap greater than 3 mm indicates s ignificant residual 
scaphoid rotatory subluxation and often a poor long-tenn outcome. Some authors favor closed reduc
tion fol lowed by percutaneous pinning of the scaphoid to the capitate and lunate, but only if anatomic 
reduction of the scaphoid, lunate, and capitate can be achieved. In many instances, especially with an 
associated fracture of one or more carpal bones, anatomic reduction cannot be ach ieved. Most authors 
now advocate open reduction, l igament repair, and internal fixation of these h igh-energy injuries. 
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Many authors favor the combined dorsal and volar approach of Dobyns and Swanson to allow assess
ment and repair of l igamentous and bony structures on both sides of the wrist. 

1 1 .  What is Watson's test? 
Watson's test, or the "scaphoid shift," as Dr. Watson prefers, is a provocative maneuver used to 

evaluate scaphoid stab i l ity and peri scaphoid synovi t i s .  The thumb of one hand is p laced on the 
scaphoid tuberosity (distal pole on volar surface) while the four fingers of the same hand are placed 
behind the radius. With the patient 's wrist initially in ulnar deviation and s l ight extension, the exam
iner's opposite hand is used to deviate radial ly and to flex s l ightly the patient 's wrist. Pressure on the 
tuberosity prevents the scaphoid from palmarflexing with scaphoid instabi l ity or rotary subluxation. 
The scaphoid thus is "pushed" dorsal ly out of the radial Fossa, producing pain and/or a palpable 
clunk. A comparison test on the opposite wrist should always be performed. (See chapter 1 14 . )  

1 2 .  What i s  a DISI  deformity? A VISJ deformity? 
DISI ,  which stands for dorsal intercalated segmental instabil ity, occurs when scapholunate l iga

ment disruption results in volar flexion of the scaphoid and dorsal angulation of the lunate. V IS ! ,  
which stands for volar intercalated segmental instability, signifies a lunotriquetral l igament disrup
tion with volar angulation of the lunate compared with a normally al igned scaphoid. 

13. List other radiographic signs of scapholunate dissociation. 
I .  Foreshortened scaphoid-when the scaphoid is volar flexed, as in scapholunate dissociation, 

it appears shorter on the anteroposterior (AP) view. 
2 .  S ignet ring s ign-seen on the AP v iew; represents an axial v iew of a s ignificantly volar 

flexed scaphoid. 
3. Lack of paral lel ism between the articular surfaces of the scaphoid and lunate. 
4. Increased capitolunate angle (normally 0° with a normal range of 0- 1 5°) .  

Carpal bone angles. In  each case the normal angle is shown (A) i n  comparison with the abnormal angle seen with 
a DISI deformity (B). The average scapholunate angle is 47°; an angle greater than 80° is indicative of scapholu
nate dissociation or rotary subluxation of the scaphoid. The capitolunate angle should be 0° with the wrist in neu
tral; the normal range is 0- 1 5°.  The racliolunate angle is abnormal if it is greater than 1 5° .  (From Green DP: 
Carpal d is locations and instab i l i t ies .  In Green DP (ed ) :  Operat ive I-land Surgery, vol 2 .  3rd eel. New York, 
Churchi l l  Livingstone. 1 993, p 874. with permission.) 

14. Who was Terry Thomas? What is the significance of his name? 
Terry Thomas was a famous English film comedian with a wide gap in his front teeth. The "Terry 

Thomas" sign, seen on an AP of the wrist, indicates a widened scapholunate gap and signifies a scapho
lunate dissociation. A scapholunate gap > 3mm is considered diagnostic of a scapholunate dissociation. 

15. What is the difference between static and dynamic scapholunate dissociation? 
Static scapholunate dissociation is associated with a fixed deformity between the scaphoid and 

lunate as seen on AP and lateral views. ln dynamic dissociation there is no radiographic evidence of 
abnormality with plain v iews. Any abnormal scapholunate relationship is ident ified only by stress 
radiographs, such as a clenched fist AP v iew. 

16 .  Which radiographs help to make the diagnosis of scapholunate dissociation? 
A typical scaphoid series includes the following: 
I .  True lateral view with the wrist in neutral-useful for evaluation of overa l l  al ignment and 

measurement of carpal angles. 
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2. Posteroanterior (palm down) view in maximal ulnar deviation-profile view of the scaphoid; 
helpful for seeing scaphoid fractures. 

3. AP view with clenched fist-accentuates a dynamic scapholunate dissociation. 

ZERO PA 

A B c D 

Methods of taking standardized PA and lateral radiographs of the wrist, according to Taleisnik. The arrows indi
cate the d i rection of the x-ray beam, which i s  centered directly over the radiocarpal joint. (From Green DP: 
Carpal dis locations and instab i l i t ies. I n  Green DP (ed): Operative Hand Surgery, vol 2,  3rd ed. New York, 
Churchi l l  Livingstone, 1 993, p 875, with permission.) 

17. What is a normal scapholunate angle? When is a scapholunate angle considered pathologic? 
On a lateral view, with the wrist in neutral, a l ine is drawn through the long axi of the lunate. A 

second l ine is drawn through the long axis of the scaphoid. The angle formed by the intersection of 
the two l ines is the scapholunate angle. Nonna[ values range from 30-60° with an average of 47°, as 
described by L inscheid. An angle greater than 80° should be considered a defini te i ndication of  
scapholunate dissociation or rotary subluxation of the scaphoid. 

18. Other than lunotriquetral tears, what major diagnostic categories must be considered in 
working up ulnar-sided wrist pain? 

Ulnar impaction syndrome, due to the relatively increased length of the ulna with increased 
load-bearing through the carpus onto the ulnar side of the wrist, may cause painful symptoms s imi
lar to lunotriquetral injury. Triangular fibrocartilage complex tears can m imic lunotriquetral in
juries with simi lar symptoms of pain and crepitance. Localization of the source of pain via palpation 
and provocative testing helps to distinguish between possible sources of ulnar-sided pain. 

1 9. How large is the normal angle between the long axis of the triquetrum and the axis of the 
lunate? 

Although it can be difficult to visualize the triquetrum and lunate adequately because of overlap 
of adjacent carpal bones, the average difference in angulation is 1 4°. After a lunotriquetral l igament 
tear, the angle may be decreased significantly and in fact reverse orientation to as much as negative 
1 6°. In chronic cases lunotriquetral joint space narrowing with associated subchondral sclerosis and 
cysts may be seen. 

20. Describe the typical h istory and examination of a patient with a lunotriquetral ligament 
tear. 

The h istory is  variable, but many patients recall a speci fic dorsi flex ion injury event. Patients 
may describe a painful palpable or audible c l ick or clunk on the u lnar aspect of the wrist, part icu
larly with u lnar deviation. Complaints also may include weakness and decreased range of motion. 
Physical findings may demonstrate synovi t is  or arthri t is  with periart icu lar infl ammation and 
swell ing. Palpation over the lunotriquetral joint may produce local tenderness. Provocative test i ng 
that loads the u lnar carpus may demonstrate increased or pathologic motion c mpared with the 
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other s ide .  Radiographic examination ranges from completely normal to V I S !  deformi ty. The 
degree of radiographic abnormality most l i kely depends on the extent of the associated injury to ad
jacent intercarpal l igaments. 

21. Describe a shear or ballottement test of the lunotriquetral joint. 
The shear test attempts to demonstrate increased lunotriquetral motion. The examiner p laces 

one thumb on the dorsum of the lunate to push volarly and the other thumb on the volar palm at the 
pisiform, pushing dorsally. Pain, with or without crepitance, is  a positive test. Comparison should be 
made with the unaffected side. 

22. How can lunotriquetral instabilities be graded'? 
Viegas has described three stages of increasing severity: 
Stage I: partial or complete disruption of the lunotriquetral interosseous l igament (LTIL) with 

no cl inical or radiographic evidence of dynamic or static VIS ! .  
Stage I I :  complete disruption of the LTI L  and pa l  mar  LT l igaments wi th  c l in ical and/or radi

ographic evidence of dynamic VIS I .  
Stage I I I :  compete d isruption of the  LTI L  and palmar LT l igaments, inc luding disruption of  

the scaphoid and l unate portion of the dorsal radiocarpal l igament, with c l inical or radiographic 
evidence of stat ic VIS I .  
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1 1 9 . U LNAR WRIST PAI N  

Arnold-Peter C Weiss. M . D . 

1. What five carpal bones make up the ulnar side of the wrist? 
The ulnar carpus encompasses the lunate, triquetrum, pisifom1, hamate, and capitate. 

' What structure on the ulnar side of the wrist is frequently injured yet not seen on radi 
ographs? 

The triangular fibrocart i lage complex (TFCC), which is made up of the ulnar carpal l igaments, 
ulnar wrist capsule, and triangular fibrocart i lage meniscus. 
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Main structures of the wrist. s = scaphoid, c = capitate, I = l unate, h = 
hamate, t = triquetrurn, tfcc = triangular fibrocart i lage complex. 

3. What intercarpal ligament is frequently injured along with the TFCC? 
The l unotriquetrial l igament is  commonly injured along with the TFCC. These two structures 

are the most l ikely soft tissue elements of the ulnar wrist to cause pain. 

4. Ulnar wrist pain in the hypothenar eminence in golfers is commonly caused by what type 
of fracture? 

A fracture of the hook of the hamate. These fractures are frequently not seen on anteroposterior 
(AP) and lateral radiographs of the hand or a carpal tunnel view. They are commonly m issed but can 
be documented by computed tomography (CT) of the wrist. Treatment involves cast immobil ization, 
excision of the nonunion fragment i f  healing does not occur, or open reduction and internal fixation 
of the hook. 

5. What structure on the ulnar side of the wrist is prone to age-related changes? 
The TFCC is prone to degenerative tears that are directly proportional to age of the patient. 

6. What is ulnar variance? 
U lnar variance refers to the length of the distal ulna compared with the lunate Fossa of the distal 

radius. Patients are described as ulnar-plus, ulnar-neutral, or ulnar-minus. An u lnar-minus variance 
is  associated with the development of K ienbock 's disease (avascular necrosis of the l unate) ,  which 
causes wrist pain. An u lnar-plus variance i s  associated with ulnar carpal abutment syndrome, in 
which the ulna is  longer than the radius and pushes into the underside of the TFCC, causing degen
erative changes and u lnar-sided wrist pain. 

7. What diagnostic tests help in differentiating causes of ulnar-sided wrist pain? 
Wrist arthrography and magnetic resonance imaging (MRI). Wrist arthrography involves injec

tion of dye into the wrist to visual ize the TFCC and intercarpal l igaments. Abnormal lea.ks of the dye 
between areas where the structures a.re supposed to be intact indicate disruption. MRI can also define 
tears of the TFCC and, to a lesser degree, the intercarpal l igaments. 

8. What technique has the best sensitivity, specificity, and accuracy for defining ulnar-sided 
wrist pain due to soft tissue injuries? 

Wrist arthroscopy is more sensitive, specific, and accurate than other diagnostic techniques for 
defining soft tissue disruption of both the intercarpal l igaments and TFCC. 

9. During arthroscopy, loss of what finding may indicate tearing of the peripheral TFCC? 
During arthroscopy a probe is used to  bal lot the TFCC cart i lage d isc .  Normal ly  the cart i l age 

disc is  taut and demonstrates a trampoline effect. If the cartilage disc does not rebound to forces pro
vided by the probe, a tear of the peripheral TFCC should be suspected. 
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10. What is the vascular anatomy of the TFCC'? 
The TFCC has a rich vascular supply to the peripheral portion, whereas the central portion and 

attachment to the distal radius are relatively avascular. Tears located in the peripheral TFCC, there
fore, have a high propensity to heal if treated by debridement and/or repair, whereas tears of the cen
tral component are unl ikely to heal with repair alone. 

1 1 .  What is the main form of treatment for central TFCC tears? 
Because this portion of the TFCC is relatively avascular, the redundant portions ( i .e . ,  any flaps 

that may be present) of the meniscal disc itse l f  are debrided. Debridement decompresses the tear 
itself and does not alter the structural anatomy of the ulnar wrist. 

12. In patients who have undergone TFCC debridement but still have ulnar-sided wrist pain, 
what procedure may be used as an initial salvage procedure for relief of pain? 

In patients who have TFCC pain and u lnar-posi t ive variance, an ulnar shortening osteotomy 
that takes pressure off the underside of the TFCC may be useful after failed TFCC debridements. 
This procedure is  also effective in some patients who have concomitant lunotriquetral l igament and 
TFCC tears. 

13. What vascular anatomy is commonly associated with ulnar-sided wrist pain'? 
Hypothenar hammer syndrome. Patients who often use their hypothenar eminence as a hammer 

(e.g., jackhammer operators) may develop a clot in the ulnar artery. Thrombosis causes local ized 
pain, and occasionally a mass is  felt in the hyothenar region. The diagnosis can be made by perform
ing an Allen's test, in which loss of refi l l  of the ulnar digits may be noted. 

1 4. What physical tests are used to examine for lunotriquetral ligament tears? 
The lunotriquetral shear test ( Kleinman or Reagan) and lunotriquetral compression test 

(Linscheid) are useful for evaluating the lunotriquetral l igament. During e ither test, pain or a c l ick 
centered at the lunotriquetral joint may indicate disruption of this l igament. 

15. What is the most common diagnostic and therapeutic procedure for lunotriquetral l iga
ment tears? 

Wrist arthroscopy (using the 4/5 or 6-R portals) is the best way to identify lunotriquetral l iga
ment tears. Partial tears can often be treated by debridement alone; complete tears also occasionally 
may be made asymptomatic by debridement of the ligament edges. For patients who have persistent 
pain, lunotriquetral fusion and four-corner fusion ( fusion of the capitate, hamate, lunate, and tri
quetrum) have been advocated. 

16.  Why do some authors advocate a four-corner fusion rather than a l unotriquetral fusion 
for documented l unotriquetral ligament tearing? 

The fusion rate obtained with a four-corner fusion is substantially h igher than that obtained with 
a lunotriquetral fusion. Approximately 50% of lunotriquetral fusions result in nonunion. 

17. If  pain is el icited by the l unotriquetral shear test, what other condition m ust be ruled 
out? 

Pisotriquetral arthrit is . Because the lunotriquetral shear test is  performed by putting the thumb 
over the pis iform and pushing dorsal ly to provide shear between the lunate and triquetrum, pisotri
quetrnl arthri t is rather than any problem at the lunotriquetral l igament may cause pain by compres
sion of this joint. For this reason, testing for pain isolated to the p isotriquetral joint by "shucking" 
the pisiform against the triquetrum alone should be done. 

18. What are the two types of TFCC meniscal tears? 
Traumatic and degenerative. Traumatic tears are usual ly l inear and occur at the edges of the 

TFCC at ei ther the soft tissue attachments or attachment to the distal radius. Degenerative tears gen
erally occur in ulnar impaction syndrome (with an ulnar-plus variance), in older people, and in the 
midportion of the fibrocarti I age meniscus. 
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1 2 0 .  I NTE RCARPAL ARTH RODES I S  

J effrey Weinzweig , M D . ,  and H .  K irk Watson ,  M . D . 

1 .  What is an intercarpal arthrodesis? 
Intercarpal arthrodesis, also refen·ed to as l imited wrist arthrodesis, is  the selective fusion of ad

jacent carpal bones within the wrist. It is  a proven method for treat ing specific carpal pathology that 
maximizes postoperative wrist motion, function, and strength while el iminating pain and instabi l i ty. 

2. Which wrist joints are responsible for tlexion and extension? 
Both the radiocarpal and midcarpal joints contribute to all phases of  flexion and extension 

motion of the wrist . Two-thirds of nexion occurs at the radiocarpal joint. whereas one-third occurs at 
the m idcarpal joint .  S l i ght ly more extension occurs at the radiocarpal joint than at the midcarpal 
joint. 

3. What is the functional range of wrist motion? 
The functional range of wrist motion is 5° flex ion, 30° extension, I o· radial dev iation, and 1 5 ° 

ulnar deviation. Almost all activities of daily liv ing are completed within these ranges of motion, all 
of which are usually surpassed with l imited wrist arthrodeses. Radioulnar deviation after radiocarpal 
fusions is  the only exception. 

4. Is wrist motion lost after intercarpal arthrodesis? If so, how does the loss compare with 
motion lost after a total wrist arthrodesis? 

In the normal wrist adjacent carpal bones demonstrate motion l imitations specific to a given in
tercarpal joint. Fusion of intercarpal joints results in some degree of motion loss; the extent depends 
on the joint(s) involved in the l imited wrist arthrodesis. Fusions crossing the radiocarpal joint (e.g., 
radiolunate arthrodesis) result in the greatest loss of motion; fusions crossing the proximal and distal 
rows of the carpus or m idcarpal joint (e.g., capitate-lunate-hamate-triquetral arthrodesis or scapholu
nate advanced col lapse [SLAC] reconstruction; see question 1 8) resul t  in an intermediate loss of 
motion; and fusions within a single carpal row (e.g. ,  lunotriquetral arthrodesis) result in the least loss 
of motion (see question 26). When multiple carpal bones undergo fusion. a compensatory increase in 
motion occurs at the unfused joints, thereby max imizing total wrist motion. This adaptation of the 
carpus is  not usual ly ful ly achieved unt i l  9- 1 2  months after intercarpal arthrodesis .  Total wrist 
arthrodesis, however, results in  complete loss of all wrist motion. 
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5. What are the indications for an intercarpal arthrodesis? 
Intercarpal arthrodes i s  addresses a diverse group of wrist disorders, including degenerative 

d isease, rotary subluxation of the scaphoid, midcarpal instabil ity, scaphoid nonunion, K ienbbck's 
disease, carpal osteonecrosis, and congenital synchondrosis or partial fusion of various intercarpal 
joints. 

6. Why is it critical that unaffected intercarpal joints be left unfused? Are there any exceptions? 
Unaffected intercarpal joints must be left unfused if motion is  to be maintained postoperat ively; 

hence the conceptual basis for selective l imited wrist fusion. An exception to this principle is  the in
clusion of the hamate and triquetrum in SLAC wrist reconstruction to maximize the su1face area for 
bone graft consolidation (see question 1 8 ) .  

7. Why must the normal external dimensions of the carpal bones i ncluded in  a l im ited 
arthrodesis be preserved? Are there any exceptions? 

Preservation is essential to maintain normal articulations with adjacent bones. Preservation of 
the external dimension of the triscaphe (scaphotrapeziotrapezoid [STT ] )  joint during arthrodesis is 
accompl ished with a temporary spacer that is  removed after pin placement. In lunotriquetral 
arthrodesis, the distal rim of cart i lage on the adjacent surface of each bone is left intact. This carti
l age is  an important guide in maintaining reduction and al ignment of the bones before fixation. 
SLAC wrist reconstruct ion ( see question 1 8 ) ,  with fusion of the capi tate, lunate, hamate, and tri
quetrum, presents an exception to this principle. Whereas reduction of the lunate and correction of 
any dorsal intercalated segmental instability (DJS! )  is essential, maintenance of the original external 
dimensions of the four carpal bones is  not. No other intercarpal joints remain to be affected. Some 
collapse of the capitate and hamate on the lunate and triquetrum is tolerated because all loads pass 
directly through the single fused unit and subsequently through the preserved radiolunate joint. 

8. Why must pin fixation include only bones involved in  the arthrodesis? 
This technique permits any encountered stresses or loads to be dissipated by motion in the adja

cent local joints. Inadvertent inc lusion of adjoining bones during fixation inhibits the motion of adja
cent joints, thus increasing the amount of load transferred through the heal ing art hrodes is  and 
potentially disrupting the fusion site. 

9. Why is the scaphoid susceptible to degenerative arthritic change? 
The susceptibi l ity of the scaphoid to degenerative arthritic change is attributable to its anatomy 

and position within the wrist. The articular surface of the distal radius is composed of two articular 
fossae, a radial Fossa for the scaphoid, and an ulnar Fossa for the lunate. The fossa for the scaphoid is 
ovoid or e l l iptical, whereas the fossa for the lunate is  spherical. Part of the sphere is  composed of the 
most radial portion of the triangular fibrocart ilage. The proximal articular surface of the scaphoid re
sembles a simple teaspoon with its handle immediately dorsal and radial to the position of the re
laxed thumb. Flex ion and extension occur with full articular contact of the spoon (scaphoid) in the 
el l iptical fossa of the radius. If the spoon handle is brought in front of the l i ttle finger and flexed so 
that the handle is  perpendicular to the long ax is of the forearm, the contact surface of the spoon in 
the el l iptical fossa is disrupted. When this occurs, the proximal spoon surface (scaphoid) l ies on the 
rad ial edges of the e l l ipt ical Fossa, and fairly rapid destruct ion between the scaphoid and rad ius 
occurs in these regions. 

Distal rad ius and u lna anatomy. An end-on v iew of 
the distal radius and ulna demons1ra1es Ihe e l l ipiical 
scaphoid fossa and Ihe spherical l unale fossa. The 
radial port ion or the Iriangular f"ibrocarl i lage (TFC) 
comribules to 1he support mechanism for 1he lunate. Elliptical Fossa 

Spherical Fossa 
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10. What i s  a triscaphe arthrodesis? 
Triscaphe arthrodesis is  a fusion of the scaphoid, trapezium, and trapezoid bones and is often re

ferred to as an STT fusion. A single bony unit is  created with external dimensions identical to those 
of the three carpal bones before fusion. Preservation of the external bony dimension is necessary to 
prevent carpal collapse and excessive loading of the capitate, which ult imately result in degenerative 
change and instabi l i ty of the lunocapitale column followed by SLAC wrist (see question I 5) .  

I ndications for triscaphe arthrodesis include symptomatic rotary subluxation of the scaphoid 
(see question 1 1 ) , degenerative disease of the triscaphe joint, nonunion of the scaphoid, Kienbock's 
disease, scapholunate (SL) dissociation, traumatic dislocations, midcarpal instabil ity. and congenital 
synchondrosis of the triscaphe joint. Triscaphe arthrodesis provides a stable radial column for load 
transfer across the wrist to the radius and permits the unloading of carpal units no longer capable of 
bearing load, such as the lunate in Kienbock's d isease. in addition, it provides stability and strength to 
a wrist affected by the pathomechanics of rotary subluxation of the scaphoid or midcarpal instabi l i ty. 

1 1 . What is rotary subluxation of the scaphoid? How is it treated? 
Rotary subluxation of the scaphoid ( RSS) is a well-recognized entity in which the scaphoJunate 

articulation is  disrupted and the wrist develops a pattern of instabi l ity with loading. Lt is  classically 
described as a diastasis between the scaphoid and lunate with dorsal displacement and rotation of the 
proximal pole of the scaphoid. Disruption of the l igamentous support of the proximal pole permits it 
to rotate dorsally while the distal pole rotates volarly, producing an increased SL angle on lateral ra
diographic examination with the scaphoid lying more perpendicular to the long axi of the forearm. 
This deformity produces a scaphoid with abnormal motion that may subject the radioscaphoid joint 
to abnormal loading stresses, eventually result ing in destruction of the joint. 

Patients with RSS present with various combinations of five consistent complaints: ( I )  activity pain, 
(2) postactivity pain, (3 )  activity modification, (4) carpal tunnel syndrome symptoms, and (5) wrist 
ganglions. All patients present wid1 at least d1ree of these historical findings; many pre ent with all five. 
Radiographic findings on the neutral posteroanterior (PA) view may include foreshortening of the 
scaphoid, a positive ring sign, and an increased scapholunate gap. Radiographic fmdings on the neutral 
lateral view may include a scapholunate angle greater than 70° and a DISI defonnity of d1e lunate. RSS 
is best treated with a triscaphe arthrodesis to stabilize the scaphoid and radial column of the carpus. 

Rotary subl uxation of the scaphoid. A, The neutral PA view 
shows foreshortening of the scaphoid, a positive ring sign, and 
an increased scapholunate gap. 8, The neutral lateral view shows 
a scapholunate angle of 90° and a DISl deformity of the lunate. 

12. How is a triscaphe arthrodesis performed? 
The triscaphe joint is approached through a transverse dorsal wri t i nc is ion just distal to the 

radial  styloid. The radial  styloid is  exposed, and the distal 5 mm of the styloid are resected. The 
triscaphe joint is  approached through a transverse capsular incision between the extensor carpi radi
al is longus and brevis tendons. The articular surfaces and the subchondral hard cancel lous bone of 
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the scaphoid, trapezium, and trapezoid are removed with a rongeur. The cortex dorsal to the articular 
cart i lage on the trapezium and trnpezoid is  also removed to broaden the surface area for grafting. 

Two 0.045-inch Kirschner wires are then passed percutaneously and preset through the trapezoid 
up to the fusion s i te to be driven into the scaphoid. The scaphoid is reduced (see below) ,  and a 5-mm 
spacer, usual ly the handle of a small hook, is placed into the scaphotrapezoid space to maintain the 
original external dimensions of the triscaphe joint. The preset pins are then driven from the trapezoid 
into the scaphoid, avoiding placement into the radioscaphoid joint or radius, and the spacer is removed. 

Cancellous bone graft, harvested from the distal radius, is then densely packed into the spaces 
between the scaphoid, trapezium, and trapezoid. The pins are cut beneath the skin level, and the skin 
incisions are closed with a single-layer subcuticular monofilament suture. The wrist capsule and exten
sor retinaculum are simply realigned without suturing. The postoperative dressing consists of a bulky 
noncompressive wrap incorporat ing a long-arm plaster splint. The hand is placed in a protected posi
tion with the wrist in s l ight extension and radial deviation, the forea1m neutral, and the elbow at 90°. 

Triscaphe (STT) anhrodesis. A. Radiographic examination 6 weeks after triscaphe arthrodesis demonstrates typ
ical pin placement and adequate bony consolidation. B, Three months after triscaphe fusion, the arthrodesis is ra
diographically solid. 

13. What is the key to performing a successful triscaphe arthrodesis? 
The most important step in triscaphe arthrodesis i s  reduction of the scaphoid. The normal 

scapholunate angle is  approximately 4 7° to the long axis of the forearm. Scaphoid red uction i s  
accompl i shed by placing the wr is t  in fu l l  radial dev iation and 45 ° of  dors i flexion; the scaphoid 
tuberosity is  reduced by the surgeon's thumb to prevent scaphoid overcorrect ion .  P inn ing is per
formed as described, after which the scaphoid should l ie at approx imately 55 °  to 60° of palmar 
flex ion re lative to the long axis of the rad ius when seen from the lateral view. This position en
sures optimal radioscaphoid congru ity and maximizes postoperat ive range of motion. I t  is  not 
necessary to correct abnormal rotation of the lunate. 

14. Are there any absolute contraindications to a triscaphe arthrodesis? 
Triscaphe arthrodesis is  contraindicated if significant degenerative change is found at the ra

dioscaphoid joint. 

15. What is SLAC wrist? 
S LAC wrist is  the most common pattern of degenerative disease of the wrist, accounting for 

57% of al l  periscaphoid arthritis. The scaphoid is the weak l ink in the wrist in regard to degenerative 
disease, and the special ized radioscaphoid joint  is particu larly susceptible. Rotation, fracture 
nonunion, or necrosis of the scaphoid may produce a collapse pattern on the radial side of the wrist, 
u l t imately leading to degenerative disease or SLAC destruction, which occurs first between the 
radial styloid and the scaphoid (stage IA). With progressive degenerative disease, complete destruc
tion of the radioscaphoid joint occurs with col lapse of the articular space (stage IB) .  Once this col
lapse has occurred, whether i t  is  secondary to scaphoid instab i l ity or scaphoradial in  nature ,  the 
capitate- lunate joint is  unable to bear loads normal ly. The capitate drives off the rad ial or dorsal 
radial portion of the distal lunate articular surface, causing cart i lage shear stress with eventual de
struction of the capitate-lunate joint and resultant midcarpal SLAC (stage l ! ) .  
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Stages o f  scapholunate advanced collapse (SLAC) 
wrist. A, SLAC changes are seen earliest at the 
radial aspect of the radioscaphoid joint beginning 
at the radial styloid (stage LA ). B,  Subsequently, 
the remainder of the radioscaphoid joint i s  in
volved (stage IB ). C. Finally. destruction of the 
capitate-lunate joint occurs ( tage I I ) .  Isolated 
involvement of the capitate-lunate joint also may 
be seen and is referred co as midcarpal SLAC. 

1 6. Which conditions predispose to the development of SLAC wrist? 
The most common cause of S LAC wrist is  rotary subluxation of the scaphoid fol lowed by 

scaphoid nonunion. Other condit ions that produce SLAC degeneration include Preiser's d isease, 
midcarpal instabi l i ty, intraart icular fractures involving the radioscaphoid or capitate-lunate joints, 
and Kienbock's disease (tertiary to the secondary RSS). 

1 7. Which joint in the wrist is virtually never involved in degenerative disease? Why not? 
The key to reconstruction of the SLAC wrist lies in the radiolunate joint, which is highly resistant to 

degenerative change and is preserved at all stages of the SLAC sequence. The articulation of the lunate 
with the radius is spherical; thus, the lunate can be moved volarly or dor ally, radia y or ulnarly, and 
the proximal articular surface of the lunate wi l l  sti l l  be perpendicularly loaded (see question 9). Even 
with significant displacement of the lunate into VIS!  or DlSI ,  the radiolunate joint usually is preserved. 

1 8. How is SLAC wrist reconstruction performed'? 
SLAC wrist reconstruction involves excis ion of the scaphoid and arthrode i of the capitate, 

lunate, hamate, and triquetrum. This procedure, also referred to as a four-corner fusion, is  pe1·formed 
with two parallel dorsal incisions: one over the radiocarpal joint and one proximally over the distal 
radial aspect of the radius for bone graft harvest (same incisions as for the triscaphe arthrodesis). After 
incising the extensor ret inaculum along the third compartment, a transverse incis ion is made through 
the wrist capsule at the level of the capitate-lunate joint. The scaphoid is approached in the interval be
tween the extensor carpi radial is longus and brevis and removed in piecemeal fashion with a rongeur. 

Longitudinal traction on the fingers permits exposure of the rad iolunate joint · cl confirmation 
that it is  wel l-preserved. Next art icular cart i lage and subchondral bone are removed from the adja
cent surfaces of the capitate, lunate, hamate, and triquetrum. Cancel lous bone is then harvested from 
the distal radius. Three 0.045-inch Kirschner wires are passed percutaneously and preset through the 
capitate, hamate, and triquetrum up to the fusion s i te to be driven into the l unate. A fourth wire is 



l ntercarpal Arthrodesi s  62 1 

preset into the triquetrum to be driven into the capitate. Pan of the cancel lous graft is then packed in 
the deep interval between the capitate and lunate. After correction of any DIS! deformity of  the 
lunate (see question 1 9), the preset pins are driven into the lunate from the capitate, hamate, and tri
quetrum and from the triquetrum into the capitate. Bone graft ing, closure, and postoperative dress
ings are the same as for the triscaphe arthrodesis (see question 1 2) .  

SLAC wrist reconstruction. A ,  Radiographic examination 6 weeks a l"ter SLAC reconstruction with l imited wrist 
anhrodesis and scaphoid excision demonstrates typical pin placement and adequate bony consol idation. B, Six 
months after SLAC reconstruction. the arthrodesis is radiographically solid and the radiolunate joint wel l  preserved. 
Note the ulnar displacement of the capitate on the lunate, which tightens the radioscaphocapitate l igament and pre
vents ulnar translation. 

19. What is the key to performing a successful SLAC wrist reconstruction? 
The most important step in SLAC wrist reconstruction is correction of  the commonly associated 

DISI deformity of the lunate. The capilate must be volarly and ulnarly displaced on the lunate to pre
vent the DIS! posit ion and to al ign the hand over the radius-lunate joint. A buttress pin running dor
sal ly in to the l unate abutting the dorsal edge of the rad ius may be used to maintain the lunate in a 
s l ight VIS! posit ion. A joker (s imi lar to a Freer) placed across the distal l unate surface and used as a 
lever wi l l  suffice for position control. It is important to bring the capitate ulnarly and 10 al ign it cen
tered on the lunate. Inadequate reduction of the DIS!  deformity of the lunate at the time of arthrode
sis not only leads to loss of carpal height but also limits the available arc of radiolunate motion. 

20. Are there any absolute contraindications to SLAC wrist reconstruction? 
Patients who present with S LAC wrist in conjunction with lunate or radiolunate pathology are 

not candidates for this type of reconstruction. S ignificant ulnar translation, which disrupts the con
centric congru ity of the radiolunate art iculation and predictably leads to joint  destruct ion,  os
teonecrosis of  the l unate (as in Kienbock's disease), and preexist ing radiolunate degenerative 
change, are absolute contraindications to SLAC wrist reconstruct ion. The salvage procedures under 
these conditions include proximal row carpectomy and wrist arthrodesis. 

21. What are the most common patterns of degenerative disease of the wrist? 
In its normal anatomic position, the scaphoid articulates with the radius at the radiocarpal joint 

and with the trapezium and trapezoid at the triscaphe joint. It is ,  therefore, not surprising that ap
proximately  95% of all degenerative disease of the wrist is  periscaphoid in origin. Review of more 
than 4000 radiographs of the wrist yielded 2 1 0  fi lms demonstrating degenerative arthritic change. 
The SLAC pattern of degenerative change was seen in 57%, triscaphe joint arthrit is in 27%, and a 
combination of both in I 5%. 

22.  What is a congenital carpal synchondrosis? Which intercarpal joint is most commonly 
involved? 

Cavitation of a common cartilaginous precursor during the fourth to eighth weeks of intrauterine 
l i fe results in the formation of indiv idual carpal bones. Incomplete cavitation results in congenital 
carpal synchondrosis or incomplete separation of the carpal bones, which becomes radiographical ly 
apparent as the carpus ossifies. This occurs most commonly at the lunotriquetral joint, where the joint 
has the pathognomonic appearance of a fluted champagne glass. The distal portion of the joint usually 
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has normal cartilage development, whereas proximally normal joint development has been arrested, 
predisposing it to degenerative joint disease. The capitate-hamate joint is the next most commonly in
volved. Such anomalies occur rarely, are generally believed to be asymptomatic, and are usually dis
covered as incidental findings during radiographic evaluations for minor trauma. 

23. Why might a congenitally fused intercarpal joint require subsequent arthrodesis? 
Congenital synchondrosis of a joint can be recognized radiographically by the presence of bone 

where articular cartilage should be found. This unique radiographic fmding is diagnostic of this in
teresting anomaly. In degenerative arthritis, on the other hand, the articular cartilage has developed 
and subsequently been worn away; as a result, the normal bony surfaces approach one another. The 
spectrum of synchondrosis ranges from partial to complete fusion, depending on the degree of for
mation of the articular cart i laginous elements. Degenerative disease may result from motion within a 
partial ly fused intercarpal joint that possesses inadequate cartilage to tolerate loading, necessitating 
a l imi ted wrist arthrodesis. 

24. What are the indications for limited wrist arthrodesis of the lunotriquetral joint? 
Pathology aris ing from the lunotriquetral (LT) joint is  a known cause of ulnar wrist pain .  

Indications for l imited wrist arthrodesis of th is  articulation include LT joint instabi l ity, degenerative 
arthritis, and symptomatic congenital synchondrosis or incomplete separation of the lunate and tri
quetrum. Patients with LT pathology usually experience pain by palpation directly over the LT joint 
or by shear loading of die joint while perfo1ming an LT ballottement test. 

25. How is an LT arthrodesis performed? 
The LT joint is  exposed through a transverse dorsal ulnar incision centered over the joint, and 

the adjacent articular surfaces are removed with a dental rongeur. The distal margins of cartilage are 
left intact to preserve the relationship of the two bones and to help maintain al ignment during fixa
tion. During removal of the articular surfaces, a biconcave space is created to centralize any loads 
and to aid in preventing displacement of grafted bone. Two 0.045-inch Kirschner wires are preset 
into the triquetrum in parallel fashion. The joint is reduced using the preserved margins as gu ides, 
maintaining the normal external dimensions of the bones, and the K-wires are driven into the lunate. 
The biconcave space is then densely packed with cancellous bone graft. A long-aim dressing incor
porating a dorsal spl int is  applied. 

26. Which intercarpal arthrodesis results in the greatest loss of wrist motion? Which results 
in the least loss of motion? 

Of the intercarpal arthrodeses, the four-bone SLAC wrist reconstruction results in the greatest loss 
of wrist motion. This fusion crosses the midcarpal joint and involves four intercarpal joints ( lunate-cap
itate, triquetrum-hamate, lunate-triquetrum, and capitate-hamate joints). The average range of motion 
after SLAC reconstruction is  approximately 60% of the contralateral normal wrist. The average range of 
motion after triscaphe a1throdesis is approxinlately 80% of the contralateral normal wr· t. A1throdesis of 
the LT joint, typically regai·ded as die tightest joint in the wrist, results in the least loss of cai-pal motion. 

27. What is the optimal bone graft donor site for intercarpal arthrodesis? 
The distal radius provides an ample supply of cai1cellous bone in the san1e operative field and 

with m in imal morbidity. 

28. How is bone graft harvested from the distal radius? The identification of which structure 
is helpful during graft harvest? 

A 3-cm transverse incision is  made approximately 3 cm proximal to dle radial styloid, extending 
from the s i te of Lister's tubercle dorsally to a point just volar to the first dorsal compartment. A flat 
periosteal surface is  exposed between the first and second extensor compartments; this surface is 
identified by a constant periosteal artery that runs longitudinally in the region. The periosteum is in
cised longitudinally along this small ,  dispensable artery and elevated to permit removal of a teardrop
shaped cortical window approximately 2 cm long x 1 .5 cm wide with a narrow, straight osteotome. 
Harvest of the cortical window begins distal ly on the radial tuberosity. Adequate cancel lous bone 
graft is  harvested with an 8-mm curette, and the cortical window is replaced. The c rtical window is 
held securely in place simply by repositioning the overlying periosteum and extensor tendons. 
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29. Can scapholunate (SL)  dissociation be treated with a SL limited wrist arthrodesis? 
Absolutely not. S L  l imited wrist arthrodesis may seem an ideal approach to the management of 

SL dissociation, but there are several important reasons why this is not so. Perhaps the most obvious 
is the difficulty of achieving union by fusion of the relatively smal l articular surfaces of the two bones. 
Cancellous contact areas a.re inadequate; therefore, nonunion rates are predictably high. However, 
there are two other compel l ing reasons to avoid this procedure. The first reason is that any l imited 
wrist artlu·odesis requires sufficient bone to carry the load of the carpus. The banana-shaped SL com
bination provides inadequate bony volume to carry the loads that this fusion would be required to bear 
and would result in carpal symptoms. The second reason is based on the fact that the scaphoid and 
lunate reside in two different fossae on the same bone. A ridge is typically found between the fossae 
on the radius and is occasionally substant ial .  Fusing the scaphoid to the l unate would remove the 
small but necessary degree of motion between the bones and resu lt  in decreased range of motion 
compared with the SLAC reconstruction and degenerative change of the radiocarpal joint. 

30. Both scaphoid-capitate arthrodesis and triscaphe arthrodesis are used to treat scaphoid 
instability. How do the procedures differ biomechanically? 

Scaphoid-capitate arthrndesis and triscaphe arthrodesis are two distinct operations. The scaphoid
capitate fusion transmits load directly across the fusion site from the capitate to the scaphoid and then 
to the radius. With triscaphe arthrndesis, the loads are not transmitted primarily through the fusion site. 
In fact, most of the load passes from the capitate across normal cartilage to the scaphoid and again 
across normal cartilage to the radius. Arthrodesis of the triscaphe joint prevents the proximal pole of 
the scaphoid from displacing beneath the capitate under load, but the fusion does not carry the load. 
The nonnaJly small amount of motion between the capitate and scaphoid gradually increases and pro
vides a significant difference in wrist motion between the two types of limited wrist a1throdesis. 

3 1 .  What are the indications for a radiolunate arthrodesis in nonrheumatoid patients? 
Destruction of the radiolunate joint and ulnar carpal translation are the only indications for radi

olunate arthrodesis in nomheumatoid patients. Destruction usually results from dye-punch fractures 
involving the spherical lunate Fossa on the distal radius. This type of l imited wrist arthrodesis also 
may be indicated for wrist stabil ization in the management of ulnar translat ion. The procedure re
qu ires sufficient d istal radius bone graft to e levate the lunate and thereby prevent loss of carpal 
height. Overcorrection of the posi t ion of the lunate on the radius by sl ightly excessive elevation is 
well-tolerated by the wrist and, in fact, preferred; undercorrection of the lunate position with loss of 
carpal height results in decreased wrist motion and wrist instabi l i ty. 

32. What is an absolute contraindication to radiolunate arthrodesis? 
Destruction of the capitate-l unate joint is an absolute contraindication to this procedure because 

wrist motion depends on this midcarpal joint after radiolunate arthrodesis. 

33. How is the wrist managed after intercarpal arthrodesis? 
Our postoperative management is simi lar for most interca..rpal arthrodeses, including triscaphe fu

sions and S LAC reconstructions. Maximal initial immobil ization is mandatory for these small bone 
fusions. Three to five days after surgery, the bulky intraoperative dressing is removed, and a long-arm 
thumb spica cast is applied (a short-arm cast is used after LT arthrodesis). The proximal carpal row is 
easily immobil ized by casting the forea1111 and arm, but i t  is difficult to maintain adequately the posi
tion of the distal carpal row. Therefore, the metaphalangeal joints of the index and middle fingers are 
flexed to 80-90° and included in the long-arm cast, whereas the interphalangeal joints are left free. 
The index and middle metacarpals are mortised into the carpals as the "fixed unit" of the hand. Thus, 
their immobil ization tends to maintain the position of the distal carpal row. Because there is relatively 
free motion at the base of the ring and l ittle metacarpals, they are not included in the cast. As with any 
thumb spica cast, the thumb is immobil ized to the tip. We refer to this type of  immobil ization as a 
"Groucho Marx" cast because it is reminiscent of the comedian's classic pose holding a cigar. 

Four weeks after ]jmited wrist a.1throdesis, the long-a.1111 cast and intracuticular sutures a.re removed. 
A short-an11, thumb spica. cast is applied for an additional 2-3 weeks. Only the thumb is included in the 
cast. Six weeks postoperatively, the short-aim cast is removed, and radiographs are obtained. If radi
ographic evidence of union is seen, the pins are removed and the wrist is mobi l ized. 
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34.  What is the incidence of complications after intercarpal arthrodesis? 
Triscaphe arthrodesis has been an extremely reliable procedure, and compl ications are relatively 

few (approximately J OOO procedures have been performed). Nonunion has been exrremely uncom
mon with a rate of  1 -3%,  depending on the i ndication for l imi ted wrist arthrodesis .  Infection, 
hematoma, and transient neurapraxias have been rare in our experience. Degenerative change at the 
radioscaphoid joint, consistent with SLAC wrist, occurred in 1 .5% of cases, necessitating subsequent 
S LAC reconstruction. However, radiolunate degenerative change was not observed in any case. 

Compl ications after almost 300 SLAC wrist reconstructions include nonunion in I %  of cases, 
wound infection in I %, and reflex sympathetic dystrophy in l .5%. Dorsal impingement between the 
capitate and rad ius after SLAC reconstruction required rev is ion arthroplasty in 1 3% of patients. 
Inadequate reduction of the DIS! deformity of the lunate at the time of arthrodesi not only leads to 
loss of carpal height but also l imits the available arc of radiolunate motion. During wrist extension 
the capitate approaches the dorsal l ip of the radius, where impingement may occur with associated 
pain. Coaxial al ignment of the lunate with the capitate is  essential for optimal outcome. 

Complications after performing 26 LT l imited wrist arthrodeses using the cancellous biconcave 
technique include reflex sympathetic dystrophy in 1 patient and pin migration, neces itating early 
removal of the Kirschner wires, in 1 patient. There were no nonunions in this series. 
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Page numbers in boldface type inclicare complele chaprers. 

Abdominal wall 
acure loss of. 344 
anatomy of. 3 1  1 -3 1 2. 34 1 -342 
blood supply to. 3 1 0-3 1 1 
runclional role of. 341  
muscles or .  origins and insertions of, 34 1 
reconstruction of. 341-348 

Abdominoplasty, 3 1 0-3 1 5  

l iposuc1ion performed wi1h. 3 1 6  
Abducens nerve. 1 49 
Abduction test, 59 1 
Abscess 

of the breast. 253 
.. 

collar-bulton," 444. 5 1 0  
dorsal hand. 5 1 0  
"horseshoe:· 5 I I 
intracranial.  1 4 1  
orbital. 1 4 1  
o r  the thcnar space. 5 1 0-5 1 1  

Accutane. 320 
Achondroplasia, 88 
Acid burns, 389, 390. 39 1 -392 
Acquired immunodcllciency syndrome ( A I DS) .  See also 

Human immunodeficiency virus ( H IV) i n fection 
patienls 

tattooing as risk factor for. 325 
Acrocephalosyndacryly. See A pen's syndrome 
Acrocephaly, 88 
Acrochordon, 53 
Acrosyndacryly, 549 
Acyclovir. 32 1 
Adducrion test, 59 1 
Adenocarcinoma, of the oral cavity. 2 1 6  
Adenoid cystic carcinoma. 1 1  I 
Aclenoma. plcomorph ic. 2 1 5  
Adnexal carcinoma. 48 
Aero111011a.v hydrophi/a infecrions. 440, 5 1 1 ,  5 1 4  
African-Americans. finger duplica1ions in. 548 
Aging. effect on wound healing. 3, 4 
Airway assessment. of burn patients. 382 
Airway obstruction. 1 30. 1 3 1 .  303 
Alar rims. 304 
Albinism, 46 
Albright syndrome. 98 
Alcohol use. 67-68. 555 
Alkali  burns. 389. 390. 392-393 
Allen's 1es1, 423, 447. 453 
Alloderm. 3 1 7 
Allografts 

for burn injuries. 385, 4 1 4  
definition of, 408 
indications for. 4 1 2  

Alloplastic implants, 23-29 

for facial skeleton augmeniation. 332-334 
for scalp bony defect reconstruction. 228 
speech-enhancing. 332 

Alopecia, burn-relarcd. 405-406 
Alopecia arcara, 329 
Alpha hydroxy acids, 3 2 1  
Alveolar bone. fracrurcs of. 1 3 1 .  1 68 
Alveolar ridge, cancer or, 2 1 7  
Amblyopia. 277 
Amniotic bands, 549 
Amniotic fluid, role in wound con1rac1ion, 35 
Amniotic membrane. use as temporary dressing, 403. 4 1 2  
Amputated parts. reuse of, 357. 522-523 

Amputation 
congenital. 549 
of fros1bi1c-injured rissuc. 397 
or rhe hand. 502. 5 1 2 .  523 
l imb salvage versus. 358-359 
lower-ex1remi1y. 354. 355, 370 

in tibial level injuries. 356-357 
ulceration as precursor to, 359. 365 

transverse. 52 1 
Amyo1rophy. neuralgic. 536 
Anastomosis 

lymph node-venous. 375 
Martin-Gruber. 527 
microlymphaticovcnous, 375 
microvascular. 2 1 7. 433 

Anatomic snuflhox. 448. 599 
Andy Gump defonniry. 2 2 1 
Anemia 

burn wound. 384 
hcmangioma-rclated. 53-54 

Anesthesia. 1 4- 1 9. 46 1 -467 

for augmen1a1ion mammaplasty, 239 
for facial rejuvcnative surgery. 273 
for fingertip surgery. 503 
as postopera1ivc nerve deficit cause. 465 

Angel's kiss. 53 
Angiolibroma. I I I 
Angiography. I 1 3  
Angiosome, 4 1 7  
Ankle. defects or. local coverage for. 353 
Ankylosis. fibroosscous. 1 60 
Anterior ethmoidal nerve. nasal frac1ure-related injury to. 1 44  
Antibacterial agents. use o n  problematic wounds. 33 
Anribiotic prophylaxis 

for al loplastic implan1a1ion parients. 28 
for augmentation mammaplasty patients. 239 
contraindication in burn victims. 383 

Ant icoagulation. See also Leeches 
use in m icrosurgery patients, 432 
use in replantation patients, 5 1 4. 5 1 5-5 1 6  

Anular bands. 549 
Anulus of Zinn. 1 49 
A pen ·s syndrome. 59. 87. 552 

di fferentiated from Crouzon's syndrome. 88 
frontal bone advancement in,  90 
limb anomalies associated with, 97 
orbital hypertelorism associated with. 94 

Aponeurosis surgery. 205 
Aquatic organisms, infections caused by. 5 1 1 .  5 1 4  
Arhinocephaly, 98 
Arnold's nerve. 1 74. 208 
Arterial insurficicncy. 402. 5 1 4  
Arteries. See also specific arteries 

f'lap-perfusing function of', 4 1 4, 4 1 5  
Artcriogram. for brachial plexus injury evalua1ion. 534 
Artcriovenous malformations. neonatal. 52 
Arthritis 

of the carpometacarpal joint, 5 6 1  
as contracture cause. 557 
rros1bi1e-relatcd. 398 
or !he hand. 537-539. 56 1 
joint pro1ec1ion techniques in, 572 
or the wrisl. scaphoid fracture-related. 603 

Anhrodesis. 498 
inrcrcarpal .  6 1 6--624 

as Kienbiick's disease 1rea1mcnt. 607-608 
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Arthrodesis (co111.) 
small joint, 539-542 

of the wrist, 538, 572 

Arthrography, for ulnar-sided wrist pain evaluation, 6 1 4  

Anhrogryposis multiplex congenita. 554 

Arthropathy, inflammatory, imaging of, 461 

Arthroplasty 
excision lunate, 606 

perichondral, 543 

small joint, 542-544 

Articular/nonarticular test, 585, 586-587 

Asian patients 
al loplastic facial  implants in, 332 

blepharoplasty in, 277-278 

double eyelid operation in, 2 8 1 -282 

Aspiration 
during anesthesia induction, 1 6  
facial fracture-related, 1 30, 1 34 

Atresia, intestinal, 343 

Auriculotemporal nerve. 208, 305 

Autografts, 408 

Autoimmune diseases, augmentation mammaplasty-
associared, 240 

Autologen, 3 1 7  

Axil  la, borders of, 252 

Axil lary nerve 
anatomy of, 534 

blocks of. 462, 463, 464-465 

Axil lary masses, 565 

Axonotmesis, 524 

Bacterial infections. See also specific bacterial infections 
relationship 10 chronic lymphedema, 372 

Bal lollement tests, 589 

Bands of B iingner, 525 

Barton's fractures, 595 

Basal cell carcinoma, 47-50, 5 1  

of the ear, 2 1 1  
excision of, anesthesia for, 1 4  

o f  the eyelid, 202 

metastatic potential of, 564 

Basal cell nevus syndrome, 46 

Bathtub deformity, 22 

Baze-Dupre-Christal syndrome, 46 

B e l l 's palsy, 229-230 

Bel l 's phenomenon, 204 

Bennen's fractures, 474 

Bernard operation, 1 89 

Bier blocks. 466 

Binder's syndrome, 98 

B iopsy 
of basal cell carcinoma, 48-49 

of breast lesions, 252 

of hand tumors, 564, 565 

of malignant melanoma, 39, 44 

sentinel lymph node, lymphatic mapping with, 44 

of skull base tumors, 1 1 3 

Birthmarks, vascular. See Vascular malformations 
Bite wounds, 32, 5 1 1 ,  5 1 2  

B lepharochalasis, 276 

Blepharodermatochalasis, 276 

B lepharophimosis, 205 

B lepharopigmenlation, 286, 325, 329 

Blepharoplasty, 276-286 

with rhytidectomy, 296 

B lepharoptosis, 277, 278, 279, 280 

compensated, 277 

Bl indness 
blepharop1osis-rela1ed, 277 

blunt facial  trauma-related, 1 63 

zygoma fracture treatment-related, 1 60 

B lood transfusions, preoperative, 1 6  

I ndex 

Body contouring, 3 1 5-3 17 

Bone fixation, in replantation surgery, 5 1 .:. 

Bone grafts 
alveolar, 79-80 

for infected nonunion tibial fractures. 357-358 

for intercarpal arthrodesis, 622 

for mandibular reconstruction. 222, 22'1 
for nasal reconstruc1ion, 1 97 

for the orbit and maxilla, 1 62 

for osteoplastic reconstruction. 5 1 8  

for scalp bony defect reconstruction, n 
vascularized radial.  608 

Bone resorption, 22. 334 

BoneSource, 26 

Bone transport, 358 

Bone tumors, of the hand, 458--459 

Bonnet-Dechaume syndrome, 55-56 

Boutonniere deformity, 445, 449. 492. 539 

Bowen's disease, 47 

Brachia! plexus, 533-536 

anatomy of, 46 1 ,  533-534 

anesthesia for. 46 1--462 

injuries 10, 497-498, 534-536 

nerve blocks of. 461 -463 

Brachycephaly, 58, 59, 88. 90-9 1 

Brachydactyly, 97 

Brain, growth of, 60. 87 

Branchial arches. 1 72. 229, 305 

Breast 
aesthetically-pleasing. 246 

augmentation of. See Mammaplasty, augmentation 
blood supply 10. 240-24 1 ,  248-249 

development of 
effect of burn scars on. 405 

phases of, 246 

diseases of, 25 1 -254 

innervation of, 24 1 .  249 

normal form and dimensions of. 246 

ptosis of, 247. 330 

mastopexy reversal of. 246-251, 255 

reconstruction of, 22, 254-258 

nipple-areola reconstruction in, 258-262 

in Poland syndrome patients, 553 

tissue expansion in. 20, 22 

reduction of. See Mammaplasty, reduction 
supporting structures of. 246-247 

Breast cancer 
augmentation mammaplasty-associated, 240 

conservation therapy for. 252 

genetic factors in, 25 1 

metastatic, 253 

occult, 244 

relationship to breast reduction, 245 

risk factors for. 25 1 

treatment of, 252-253 

Breastfeeding, 239, 243, 253 

Breast implants. See also Mammaplasty. augmen1:.1tion 
use in  breast reconstruction, 256. 257-258 

encapsulation of, 239, 255 

rupture of, 240. 256 

Breslow's measurements. 564 

Brows. See Eyebrows 
Bupivacaine, 1 8, 463 

Burns 
chemical, 389-395 

depth and size estimation of. 383 

of the ear, 2 1 0  

hypertrophic scarring associated with. 3 

as leg ulcer cause, 359 

muscle relaxant use in, 1 8  

reconstruct ion of, 40 1-406 

of the scalp, 226 



Burns (cont.) 

splinting of, 574 
thermal, 382-385. 390 
zones of, 383 

Burn victims 
nutritional requirements of. 399, 400. 401 
transport of. 382 

Burow·s triangles. 1 86. 1 89 

Calorie-to-nitrogen ratio, for burn patients, 400 
Camptodactyly, 550-55 1 .  557 
Cancer. See a/.,·o specific types of cancer 

as gynecomastia cause. 263 
Candidiasis, 30 1 .  323-324 
Canthal drift, 96 
Cantholysis, lateral. 279 
Canthopexy, tarsal strip, 284 
Canthoplasty, medial. 96 
Canthus. lateral. 20 1 
Capitate bone, 6 1 3  

anatomy of. 6 1 4  
blood supply of, 578 
dislocations of. 597 
fractures of. 598 

Cap technique, for fingertip skin grafts, 503 
Caput ulnae syndrome. 496. 537 
Carcinogenesis, chemical, 46 
Carcinogens, cutaneous. 45-46 
Carotid artery, external 

arterial anaslomosis of. 2 1 7  
branches of, 1 74 

Carotid sheath. contents of. 1 74 

I ndex 

Cerebrospinal nu id. listula of. 1 32 
Cheek 

anesthetic units of. 1 90 
llap reconstruction of. 1 90 
junction with the eyelid, 285 
local naps for. 1 90 
major functional muscles or, 1 88 
retaining ligamenls of. 269 

Cheiloplasty, Bernard-Burow, 1 89 
Chcmcxfoliation. See Chemical peeling 
Chemical injection injuries, 393-395 
Chemical injuries, 389-395 

Chemical peeling. 3 1 8-32 1 ,  327 
Chemotherapy, 253. 394 
Chest wall. reconstruction of, 336-340. 553 
Chest wall naps. anterior, 480 
Chilblain, 395 
Children. See also Neonates 

anesthesia use in. 1 6- 1 7  
blepharoplasty in. 277-278 
burn injuries in. 383. 400, 404. 4 1 4  
cleft l i p  repair in. 1 6- 1 7  
facial fractures i n .  1 35-139 

facial hcmangioma removal in, 54 
frontal sinus fractures in, 1 40 
mandibular fractures in, 1 67 
mandibular reconstruction in. 225 
MObius syndrome in .  235 
nasal fractures in. 1 46 
oral electrical injuries in.  388-389 
otoplasty in. 305, 308 

Carpal bones. See also Capitate bone; Hamate bone: Pisiform 
scaphoid fractures in, 602 
septoplasty in.  1 47 

bone; Triquetrum bone 
dislocations and instabi l i ty of. 597. 609-6 1 3  

fractures of, 598-603 

movement of, 580. 583 
Carpal boss, 59 1 
Carpal height ratio, 584 
Carpal instability, 596 
Carpal tunnel 

anatomy or, 447 
nexor lenclon arrangement in.  450 
release of, 330, 53 1 .  533. 565 

Carpal tunnel syndrome. 528, 529. 574 
Carpenter's syndrome. 88, 97 
Carpometacarpal joint 

anatomy of, 582 
arthritis of, 56 1 
dislocations of, 477 
l igaments of. 5 8 1  
of t h e  litt le finger. 475 
mobility of, 446 
physical examination of. 590-591  

Carpus. See Carpal bones 
Cartilage 

conchal, excision of. 307 
costal, embryological formation of, 336 
lateral. 302, 304 

Cartilage grafts. 1 97- 1 98,  209, 303 
Catgut. as suture material. 7. 25 
Causalgia, 567 
Cel lu l i te, 3 1 5 . 3 1 7  
Cellulitis. 342. 359 
Cement, as burn injury cause, 393 
Centric occlusion. 1 1 8. 1 27 
Centric relation, 1 1 8 .  1 27 
Cephalocele, 95 
Cephalometric plane. 84 
Cephalometrics, 82-86. I 1 9  
Cephalostats, 82 
Cerebral palsy, tendon transfers in.  495-496 

small joint artl1rodesis in, 54 1 
syndactyly repair in. 545-547 

Chin 
alloplastic implants in. 333, 334 
contouring procedures for, 297 
deformities of. 1 2 1  

Choke vessels. 4 1 7  
Cholesteatoma. I I 1 
Chondritis, post-otoplasty, 309 
Chondrosarcoma. of skull base. I I I 
Chromonychia. 500 
Chronic pain syndromes, 566-567 
Cime1idine. as gynecomastia cause, 263 
Clark's levels, 564 
Claw hand deformity, 404, 494, 562-563. 573 
Clert l ip,  60-66 

bilateral. 63-65 
passive prosthetics for, 73-74 
presurgical orthopedic correction of. 74. 75. 76-77 

cleft palate-associated, 67 
incidence of. I 0 I 
orbital hypertelorism associated with, 94 
surgical repair of, 1 6- 1 7, 80-8 1 

in urero. 36 
uni lateral, 6 1 -63. 73-74 

C left l ip nose. 63 
C left palate. 66-72 

bilateral 
passive prosthetics for, 73-74 
presurgical orthopedic correction of. 74. 75, 76-77 

classification of, 67 
clcrt l ip-associated. 67 
incidence of. I 0 I 
orbital hypertelorism associated with. 94 
Pierre Robin anomaly-related, 98 
surgical repair of. 68-72. 80-8 1 
unilateral. 73-74 
untreated. 70, 80 

Clenched fist deformity. 496 
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Clinodactyly, 550 
Clivus 

transfrontal nasal exposure or. I 1 3- 1  1 4  
t umors or. 1 1 3- 1 1 6  

Closrridium. as gas gangrene cause, 342 
"Cloverleaf skul l ," 88 
Clubbing. of the nail plate. 500 
Cobb syndrome, 53 
Cold injury. 395-396. See also Frostbite 
Cold intolerance, fingertip injury-related, 503 
Collagen 

in Dupuytrcn's disease, 557 
injeciable, 25 
in wound healing. 2 ,  4, 34 

Collateral l igaments, 476 
Coloboma, I 03, I 04 
Columella, retracted, 304 
Comatose patients, orbital content enu·apment diagnosis in, 1 5 1  
Compartment syndromes, 356, 388, 402 
Complex reg ional pain syndromes, 567, 568 
Compression garments, 404, 405 
Computed tomography (CT) 

for abdom inal wal l  defect evaluation, 343 
for carpal trauma evaluation, 597 
for frontal sinus fracture evaluation. 1 40- 1 4 1  
for lower-limb lymphedema evaluation, 373-374 
for orbital fracture evaluation, 1 50 
for skull  base tumor evaluation, I 1 2  
for zygomatic and mandibular fracture evaluation, 1 34, 1 57 

Computer imaging, 272 
Condylar head, subluxation of, anterior lo the glenoid fossa, 

1 3 3  
Condylar resorption, progressive, 1 23 
Condyle 

fractures of, 1 68- 1 69, 1 70 
in children, 1 38 

as mandibular growth center, 1 38 
Congenital anomalies, 545-554. See also specific congenital 

anomalies 
Congestive heart failure, 53-54 
Constriction ring syndrome, 549, 554 
Contractures 

axil lary. 405 
burn-related, 40 I .  403, 404-405 
elbow flex ion, cerebral palsy-related, 496 
of the fingers. 557 
of the interosseous muscles, 454 
postoperative, 558 
or skin grafts, 41 I 
thenar flap-related, 502 
thumb-index, 546 

Cooper"s ligaments. 246, 247 
Cornea. abrasions lo, 206-207 
Coronal l i fts, 283 
Coronocanthopexy, 277 
Coronoidectomy, 1 60 
Coronoplasty, 296 
Corrugator muscles 

association with glabellar frown lines, 330 
resection of, 284 

Corticosteroids, as hemangioma treatment. 54 
Cranial bones, formation of, 86 
Cranial capacity, 87 
Cranial Fossa 

anterior, I I 0 
nonrecognized fractures of, instrumentation of, 1 34 
relationship to the orbit, 1 48 
tumors or, 1 1 3-1 1 4  

fractures of, 1 32 - 1 3 3  
Cranial nerves 

foramina of, 1 74 
relationship to the facial nerve, 229 

Craniectomy, strip, 90, 330 
Craniofacial ;rnomalies, congenit'-11, scarless fetal wound 

healing in,  36 
Craniofacial clefts. 1 00-107. See also Cleft lip; Cleft palate 

classification of. 99 
reconstruction of, 1 06-107 

Craniofacial patients, preoperative evaluation of, 59-60 
Craniofacial surgery 

complications of. 60 
plate-and-screw fixation sets for, 25 
principles or, 58-60 
rigid bony fixation in, 24 

Craniofacial syndromes, 96-99 

Craniosynostosis, 58. 8(1--93 

classification of, 58-59 
surgical correction of. 58-60. 90-93 

'"Creep."' 2 1  
Cribri f"orm plate 

level of. 94 
transverse widening of, 1 06 

Cribriform tumors, 1 1 3 
Cri1ical ischemia time. 4 1 7  
Crossbite. 1 26 
Croton oil ,  3 1 8  
Crouzon's syndrome, 59. 87 

differentiated from Apert's syndrome. 88, 97 
frontal bone advancement in, 90 
learning deficiency associated wilh. 97-98 
orbital hypenelorism associated with, 94 

Crow's feet, 270 
Crown-rump length, I 00 
Cryotherapy, for basal cell carcinoma, 49 
Cryptorchidisrn, 377 
Cubital tunnel syndrome, 528. 532 
Cupid's bow, I O I .  1 02- 1 03. 1 04, 2 1 1  
Curettage, of basal cell carcinoma, 48. 4 
Curis aplasia congcnira, 553 
Cutis laxa, 273 
Cyanoacrylate, 27-28 
Cyanosis, jaw fracture-related, 1 3 1  
Cyst 

branchial, 1 72 
dermoid, 94. 1 05 .  JOS. 2 1 5  
inclusion, 557, 564 
magnetic resonance imaging of, 563-564 
mucous, 500 
of the thyroglossal duct, 1 72- 1 73 

Dacryocystorhinostomy, 206 
Danazol, as gynecomastia lreatment, 264 
DCIS (ductal carcinoma in situ). 25 1 
Debridement 

of abdominal wounds. 1 8  
o f  contaminated wounds, 32 
of decubirus ulcers, 5 
of facial lacerations, 1 33- 1 34 
of fracture-associated 'vounds. 3 1  
o f  pressure sores, 369. 370 
serial, after sternal wound dehiscence. 337 
or traumatic wounds, 30-3 1 

Debridement agents, enzymatic. 5 
Deformations, 96--97, 547 
Degloving injuries. 379, 522 
Delayed hypersensitivity reac1ions. to tauoos. 325 
Dental analysis, as cephalometric analysis component. 84 
Dental decay, 1 28 
Dental malocclusion, Angle classification system for, 1 1 8, 

1 24, 1 66 
Dental rehabilitation, of mandibular reconstruction patients, 

225 
Dentition, 123-128 

adolescent, 79 
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Dentition (cont.) 
anatomy or, 1 24-- 1 25 
identification of. 1 2 3- 1 24 
innervation of. 1 25 
in mandibular fractures. 1 66-- 1 67. 1 68. 1 69 
mixed, 79, 1 66- 1 67 
primary, 77 
traumatic injuries to. 1 27 

Dermabrasion. 32 1 .  325, 326--327 
Dermal-fat grnl"ts. nasolabial. 289 
Dermal ovcrgraft ing. 4 1 2  
Dennaplaning. 327 
Dermatocelc, I 05 
Dermatochalasis. 276 
Dermatome. 41 0 
Dermis, cellular and fibrous componcnls of, 409 
Dermo ids. 94, I 05. I 08. 2 1 5  
Desiccation, o f  basal cell carcinoma. 49 
Dexon. as suture material. 7 
Diabetic patients 

arterial system or. 364-365 
Dupuytren's d isease in. 554 
foot ulcers in, 4. 355. 363-365 
hand infections in. 5 1 2  
wound healing in.  3 

Diazepam, as gynecomastia cause. 263 
Digastric muscle. innervation of. 229 
Digastric muscle lransfers. 236 
DiGeorge syndrome. 67 
Digital nerve blocks. 466 
Digital rays, 545 
Digoxin, as gynecomastia cause. 263 
Diplopia, 1 52,  1 6 3  
D I S !  (dorsal intercalated segmental instabi l i ty )  deformity. 6 1 1  
Disruptions, 547 
D isseminated inlravascular coagulopathy. 55 
Distal inlerphalangeal joint 

dislocations of. 476 
in  fingernail injuries. 502 
llexion of. 454 
rusion or, 540 

Distal radioul nar joint. 585. 589 
Diuretics, as lymphcdcma LrcatmcnL, 375 
"Dog cars," 9- 1 0. 20. 244-245 
Dorsal capsular ligaments, or the wrisL. 583 
Dorsal intercalated segmental instability ( D I S ! )  deformity. 6 1 1 
Dorsal mutilation injuries, 520-5 2 1  
Dorsal wrist syndrome 1cs1. 585. 586 
Down syndrome. 98 
Doxorubicin.  toxicity of. 394 
Drainage/drains 

or felons, 507 
of hcrpetic whit lows. 508 
use in reduction mammaplasty. 243 

Drawer test, anteroposterior. 590 
Dressings 

biologic, 385, 403, 406. 41 I 
for burn injuries. 385. 403. 406 
occlusive. 5 
postoperative 

ror laser therapy patients. 324 
for otoplasty patients. 309-3 1 0  

for skin graft donor sites. 4 1 1-4 1 2  
effect o n  wound healing. 4 

Drugs. See also specific drugs 
as gynecomastia cause. 263 
as leg ulcer cause. 360 

Dry eye syndrome. postoperntive. 202 
Ductal carcinoma in si tu.  25 1 
Duplex scanning. for venous hypertension diagnosis. 361 
Duplications, 547-554 
Dupuytrcn's disease. 554--559, 574 

Dura. role in suture patency, 86 
Dysgencsis. gonadal. 378 
Dysplasia. internasal. 1 0 1 - 1 02 
Dystopia. enophtha\mos d i ffcrcmiatcd rrom ocular. 1 33 

Eagle- Barrett syndrome. 343 
Ear 

amputated or avulsed. 208. 2 1 0  
blood supply of. 306 
burns of. 2 1 0 
cancer of. 208. 2 1  I 
embryonic origins or. 305 
external 

aging. aesthetic rejuvenation of. 27 1 
cancer of. 208 
landmarks of. 207-208 
regional nerve block of, 1 5  

innervation of. 305-306 
lobule prominence or. 308 
middle. 209. 229 
normal size. position. protrusion, and axis of. 207. 306 
prominent. 305. 306 

nonoperative treatment for, 309 
reconstruction of. 207-21 I. 333 
rcplantation of. 5 1 5  
"telephone" deformity of. 308 

Ecchymosis, mandible fracture-related. 1 69 
Ectopic pans surgery. 522-523 
Ectropion. 205 

burn injury-related. 405 
lower l id.  204. 236 
post-blcpharoplasty. 280 
subciliary incision-related, 1 54 

Edema 
measurement of. 575 
reduction or. 575 
venous. 372. 373-374 
as wound healing impairn-1ent cause. 4 

Edematous t issue. streptococcal infections of. 30 
Ehlcrs-Danlos syndrome, 2-3. 273 
Elbow, extension reconstruction of, 497 
Electrical injuries. 386-389 

Electrocautery. l ight. for talloo removal. 327 
Electrocoagulation. 329 
Electrodiagnostic testing. for nerve compression evaluation. 

53 1 ,  532-533 
Elcctrogustometry test. 232 
Electrolysis. 320 
El lenbogen·s criteria. for ideal eyebrow position and contour, 

274 
Embolism. fat. l ipectomy-associatccl. 1 5 - 1 6  
Embolization. a s  aneriovcnous malformation treatment. 56 
Encephalocelc. 88. I 05. I 06 
Enchondroma. 458. 459. 565 
Endoscopic procedures, 329-331 

comparison with traditional surgical approaches. 33 1 
for forehead and eyebrow l ifts. 275. 276. 284 
for nerve decompression. 533 
for rhytidcctom ics. 293-294 

Enophthalmos. 96. 1 52.  1 57.  1 63 
Enteral nu1rition. for burn patients. 40 1 
Enteromesentcric bridge. 375 
Entropion, 205-206 
Epiblcpharon. 205 
Epicanthoplasty. medial. 282. 283 
Epicanthus. 205 
Epicondylit is.  lateral. 530. 532 
Epidermodysplasia verruciform is. 46. 564 
Epidermolysis. 1 8 8  
Epigastric arteries. inferior. 342, 423 
Epinephrine. use in pediatric patients. 1 7  
Epiphoria. persistcnL 1 44 
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Epistaxis, 1 30, 1 4 1 ,  1 44 
Erection, artificial, 377 
Erythema, laser therapy-rela1ed, 323-324 
Erythroplakia, 2 1 5  
Erythroplasia o f  Queyrat, 47 
Escharotomy, 40 I, 402 
Esthesioneuroblastoma, 1 1  I 
Estrogens, as gynccomas1ia cause, 263 
Excision 

of burn wounds. 384, 40 1-402, 403 
ell iptical.  9- 1 0  
o f  lymphedematous tissues, 375 
of postauricular skin. during otoplasty, 3 1 0  
serial, 8 
of skin lesions, 8 
of 1a11oos. 326 

Expanded skin. See Tissue expansion 
Expression, differen1iated from pene1rance, 97 
Exstrophy/epispadias complex, 377-378 
Extensor carpi ulnaris tendon, ulnar deviator function of, 447 
Extensor digiti minimi tendon, relationship to communis 

tendons. 49 1 
Extensor indicis proprius tendon, relationship to communis 

lendons, 49 1 
Exlensor poll icis longus 1endon 

functional testing of, 446 
physical examination of, 453 
in 1endon transfers. 496-497 

Extensor tendons 
injuries to, 490-492 

rehabili1a1ion of, 5 7 1  
rupture of. 5 3 7 ,  5 3 8  

External lixaiion 1echniques, for small joinl anhrodesis, 54 1 
Extracel lular matrix. 34-35, 409 
Extraocular muscles, functions of, 149 
Extremities. See also Lower extremity; Upper extremity 

burn wounds of, 384 
enlarged. differential diagnosis of, 372-373 

Extrinsic extensor tendons, insertions of, 448 
Ex1rinsic Jlexor lendons, smalles1, 449 
Eye 

fronlal sinus frac1ure-re/a1ed injuries 10, 1 40 
reconstruc1ion of. paralyzed sphincler in, 236 

Eyebrow 
ideal posi1ion and con1our of, 270, 274 
p1osis of, 270 
suprareconstruclion of, 1 88 
suspension of, 205 

Eyebrow l i fts, 274-276 

Eyelids 
aeslhelic rejuvena1ion of, 270, 2 7 1  
Asian di fferen1ia1ed from Occidental, 206 
con1rala1eral, as skin graft harvest site, 204 
junction wilh cheek skin, 285 
liner tauoos on, 286, 325, 329 
lower 

nerve blocks for, 1 4  
reconstruc1ion of, 203-204 
skin excision of. 284-285 
skin reseclion of, 280 

malignant tumors of. 202 
opening and closure mechanism of, 278 
peripheral arlerial arcade of. 283 
p1osis of. 277. 278, 279 

blepharoplasty trca1men1 for, 276-286, 296 
pos1opera1ive, 280 

reconstruction of, 200-207 

upper 
anatomy or, 278 
hemangioma of, 54 
poslerior, lamella of, 200 
reconstruction of, 202-203 

Face. See also Head and neck 
aging 

aesthetic rejuvenative surgery for, 269-273 
evaluation of, 268-273 

augmen1a1 ion of, 26, 332-334 

embryologic development of. I 00 
grow1h of, in oral cleft patien1s, 80-8 1 
i njuries to, 130-135 

fractures, l35-139 

lacerations, 1 33- 1 34 
l ife-threa1ening, 1 30, 1 34 
as vision loss cause, 1 63 

profile of, 1 20, 304 
reanimation of, 232-236. 435, 436 
reconstruction of, s i l icone use in, 27 
re1aining l igamenls of, 287-288 

Face l i ft .  See Rhy1idec1omy 
"Face predicls the brain" rela1ionship, of forebrain and 

craniofacial malformations. I 06 
Facial bones, bony struc1ural supports of, in children, 1 37 
Facial clefls. See also Clef! lip: Clef I palate 

surgical treatment of. 58 
"Facial danger nerves," 230-23 1 
Facial muscles, innervation of. 230 
Facial nerve 

face-lifl-rclated injuries to, 300 
in forehead l ifls, 33 1 
intratemporal lesion of. 232 
localizalion of, 1 73 
in parotid gland cancer surgery. 1 83 
reconstruclion of, 232-234 
rela1ionship to other cranial  nerves. 229 
severance of, 1 73 
surgical anatomy of, 1 73, 228-23 1 

Facial nerve palsy 
blunl craniofacial injuries-related, 1 33 
craniofacial microsomia-related. I 08 
facial reanimation in, 232-236 

effec1 on nasolabial fold appearance, 289 
Faciocraniosynostosis. 59 
Fasanella-Serva1 opera1 ion. 205 
Fascia 

dorsal thoracic, 424 
in Dupuy1ren's disease, 555-558 
pal mar, 444 
superficial facial .  relationship with mimetic muscles. 287 
lcmporoparietal. 230, 333 

Fascia I spaces, of 1he hand. 509-5 1 0  
Fasciitis, necrotizing, 344. 5 1 2  
Fascio1orny, 388 
Fasting. by surgical patients, 1 5  
Fat 

disiribution of, 3 1 5  
inlraconal differen1ia1ed from extraconal, 1 49- 1 50 
orbital, relalionship to preaponeurolic fat, 278 
preaponeuro1ic, as blcpharoplas1y landmark, 278 
of upper eyelid, color of. 286 

Fat injection, into the nasolabial crease, 2 9 
Fat transplantation. autologous, 3 I 7 
FDFG (free dennal-fat graft), 4 1 3  
Felons. 444, 507 
Femoral artery, lateral circumplex, 430 
Femoral cutaneous nerve. compression f. 529 
Fetal alcohol syndrome, 67 

Fibrin glue, 4 1 3, 527 
Fibroadenoma, of 1he breasl, 253 
Fibroblast growth fac1or, in fetal wound healing. 35-36 
Fibrocystic d isorder, 253 
Fibroma, or the oral cavily. 2 1 5  
Fibroosseous tunnel, pul leys in, 449 
Fibula, as mandibular bone grafl donor site, 224 
Fibular tunnel syndrome. 528 



I ndex 

Fine-needle aspirarion 
of palpable breast masses, 252 

of salivary gland masses, 1 82- 1 83 

of thyroid nodules, 1 83 

Finger extension test. 585. 586 

Fingernails. See ails 
Fingers. See also Phalanges; Thumb 

index, use in thumb reconstruction, 5 1 6, 5 1 7  

lumbrical-plus, 502 

rep Ian tat ion of, 5 1 3-5 14,  5 I 5 

roiational deformities of, 453-454 

Fingertip injuries, 501-506 

Finkelstein 's sign, 455, 530, 5 9 1  

Finochictto-Bunnell test, 454 

Fistula 
abdominal, 343 

arteriovenous, 98 

ccrebrospinal fluid, 1 32 

postalvcolar cleft palate, 77 

Flaps. See also Skin grafts 
Abbe. 1 89, 2 1 4. 4 1 6  

for abdominal wall reconstruction, 344-345. 346. 347. 480 

anterior chest wall .  480 

axial, 4 1 5 .  478. 504 

bilateral rotational, 1 88 

bilobed, 9, 1 95 

blood supply for, 4 1 4, 4 1 5  

buried dermal, 374 

cervical rotation <idvancement, 2 1 6-2 1 7  

cervicopectoral, 1 90 

for chest wall reconstruction, 337-339 

Chinese, 423 

classification of, 4 1 5-4 1 6  

converging Lriangular, 1 0  

Convcrsc's scalping, 1 97 

cross-finger, 4 1 6, 505 

cross-leg, 355 

Cutler-Beard. 204 

delay phenomenon of, 4 1 7  

delay procedure for, 4 1 7  

deltopectoral, 1 9 1 - 1 92 

distant, 49. 345. 479 

Dufourmental .  1 2- 1 3 .  1 87 

endoscopic harvesting of. 330 

epigastric, 480 

Estlander, 1 89. 2 1 4  

fasciocutaneous. 2 1 6. 353, 4 1 9-426, 434. 479, 482 

fibular osteocutaneous. 223 

fillet, 480 

for fingertip reconstruction, 502, 504-506 

first web, 483 

nag, 505 

forehead, 1 95, 1 96. 1 97. 2 1 9. 275. 4 1 6  

forked. 64 

free 
an1erolateral thigh. 437 

bone, 438 

for burn scar revision. 406 

composite. 435. 482 
cutaneous lateral arm, 437 

donor sites for. 435. 435-439 

emergency, 522 
expanded. in scalp reconstruction. 228 

failure of. 4 1 8  

fascial, 438 

fasciocutaneous, 2 1 6-2 1 7  

groin, 437 

iliac bone crest. 438 
for scalp reconstruction, 227. 228 

sensate, 483 

sequential, 225 

Gil lies, 1 24 

Flaps (cont.) 

gluteal thigh, 370 

gluteus maximus/musculocutaneous, 369 

gluteus maximus/myocutaneous, 350-35 1 

gracilis.  369. 436 

great toe wrap-around, 483 

groin. 4 1 6. 423. 437, 479-480 

for hand reconstruction, 478-483 

iliac osteocutaneous, 223 

interpolation. 9 

island, 504 

neurovascular. 503 

palatal. 2 1 6  

jejunum free. 220 
Karapandzic, 2 1 4. 2 1 5  

kite, 506 

lateral arm, 220 
latissimus dorsi. 2 1 9, 227, 348-350 

Limberg, 4 1 6  

lingual. 2 1 6. 2 1 8-2 1 9  

Linton, 362 

for lip reconstruction, 2 1 3, 2 1 4-2 1 5  

Littler, 505 

local 
for abdominal wall wounds, 344-345 

for nasal reconstruction, 1 95- 1 96, 1 97 

for the head and neck, 1 85-193 

for lower extremity coverage, 357, 358 

lumbosacral back. 369-370 

for mandibular reconstruction. 222-223, 225 

McGregor, 2 1 4, 2 1 5  

medial forearm, 437 

Moberg volar advancement, 504 

movement or. 4 1 5-4 1 6  

muscle. 426-428 

comparison with fascia flaps, 425 

musculocutaneous. 49. 220, 336-337. 426-43 1 

limitations of, 2 1 9  

"mutton chop:· 346 

myocutancous, di fferentiated from muscu\ocutaneous 
flaps. 428 

nasolabial. 1 95. 1 96. 2 1 8  

neurovascular island, 503 

for nipple reconsLruction. 259. 260. 2 6 1  

omental. 2 2 7 ,  339. 347. 374-375 

for oral reconstruction, 2 1 6-220 

osseous, 434 

pala1al, 2 1 6, 2 1 9  

parnmedian forehead, l 97 

pectoralis major, 2 1 9, 337-338 

pectoralis minor, 437 

pcctoralis myocutaneous, 1 92 

pcdicle, 1 96. 504 

failure of. 4 1 8  

periosteal. 227 

pharyngeal. 80--8 I 
platysma. 2 1 8  

posterior auricular. 2 1 8  

principles of, 4 1 4-4 1 9  

radial forearm, 2 1 9, 222-223, 227. 4 1 6. 480-482 

random, 4 1 5 .  478. 504 

rectus abdominis, 338, 353 

rectus femoris, 346 

retrograde. 478 

rhomboid. 1 2, 1 86- 1 87 

rotation. 9 

Rubens. 257 

for scalp reconsLruction, 227. 228 

scapular ostcocutaneous, 223 

scapular/parascapular, 350 

sensate cutaneous. 437 

septal intranasal l ining, 1 98, 1 99 

63 1 
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Flaps (com.) 
skate, 259. 260. 26 1 

in skull base recons1ruc1ion. 1 1 6-- 1 1 7  

spli1-1hickness, 49 

sternocleidomastoid musculocutancous. 2 1 9  

s1ernocleido111as1oid myocutaneous, 1 92 

1arsoconjunc1ival, 203-204 

lemporal fascia!, 2 1 8  

lemporalis muscle. 2 1 6, 2 1 8  

1cmporoparie1al, 209. 2 1 0, 435, 482 

lensor fascia laia, 370 

1henar. 502. 506 

!high, 370 

transposition. 9 

transverse myocutancous. 1 92 

transverse rec1us abdominis myocutaneous (TRAM). 22. 
255. 256--257, 347. 4 1 6, 4 1 7. 4 1 8, 428. 434. 553 

Lrapezius muscle/myoculaneous, 220, 35 1 -352 

viabili1y of, 4 1 8  

vomer. 7 1  

V-Y advancemenl, 1 1 - 1 2, 2 1 3, 2 1 4. 504, 505 

Fleur-de-lis abdominoplas1y, 3 1 3  

Flexor digi1orum profundus iendon 
avulsion injury repair in, 488 

orienlalion of, 484 

physical examinalion of, 452 

Flexor digitorum superficial is tendon 
orien1a1ion of. 484 

physical exa111ina1ion of, 452--453 

rctraclion into palm. 488 

Flex or tendons. See also speci fie tlexor tendons 
arrangement in the carpal tunnel, 450 

injuries 10. 484--490 

rehabi l i 1a1ion of, 570-5 7 1  

rheumaioid anhri1is-rela1ed ruplure of, 537 

Flexor lendon shealh, 484--485, 

repair of. 487. 489 

Foo1 
diabe1ic, 4, 355, 363-366 

inl'ec1ions of, 366 

ischemic, 363 

neuropa1hic. 354, 355. 363. 364 

plantar. coverage for. 354 

sensory nerve evaluation in, 356 

wound coverage for. 353 

Foramina 
of 1he cranial base, 1 1 0- 1  I I 

of 1he cranial nerves, 1 74 

incisive, 66 

Forceps, for displaced nasal frac1ure reduclion. 1 35 

Forefool, plan1ar ulcers of, 365 

Forehead. 1 87- 1 8 8  

aes1he1ic uni1s of, 1 88 

:.mimation or, muscles involved in. 330-33 1 

arterial and nerve supply of'. 274 

cuianeous pliability of, 1 87 

local anesthesia for. 1 87 

transverse lines of. 274 
Forehead l i fts. 274-276 

endoscopic. 284. 3 3 1  

midforehead. 275 

Fractures 
Bennett's. 474 

boxer's. 472 

chauffeur's. 595, 6 1 0  

Colics'. 594-595 

comminutcd. 470 

epiphyseal. Saller-Harris classification of, 468 

facial, 1 30- 1 33, 1 34 

pediatric, 1 35-139 

frontoorbi tonasoet hmoidal , 58 

hamale. 592. 598, 6 1 4  

I ndex 

Frac1urcs (com.) 
Le Fon, 58 

comparison wi1h palate and alveolar fractures, 1 3 1  

clifferen1iated from Le Fon os1eo1omy, 1 6 1 

grccnst ick, 1 3 2  

hemorrhage from. 1 30 

Le Fon I, 1 60, 1 6 1  

Le Fon I I ,  1 32, 1 60 

Le Fon 1 1 1, 1 32, 1 60. 1 62 

mandibular, 1.64- 1 70 

maxi llary, 1 37, 160-1 64. See oho Fraclllr<!s, Le Fon 
displaced, 1 37, 1 38 

metacarpal, 467--475 

nasoorbiial-ethmoidal, 1 40. 1 54- 1 55,  206 

of 1he nose, 1 35. 1 36. 1 43-147 

open, 475 

open 1ibial, 3 1  

orbi1al. 1 47-156 

orbi1al floor blowoul. 26, 1 5 1  

phalangeal, 467--475 

radial styloid, 6 1 0  

Rolando's, 457, 474--475 

with segmental bone IOS!'.i, 475 

of teeth, 1 27 

zygomatic, 1 30-1 3 1 .  1 34. 1 36. 156-160 

Frankfon horizontal plane, 1 1 9 

Freckling. as malignant melanoma risk factor. 38 

Free dermal-fat grafts. 4 1 3  

Freeman-Sheldon syndrome. 553 

Free tissue transfers 
for chest wall reconsLruction. 337 

for distal lower extremity coverage. 3 -4 

functional. 482 

for hand coverage. 480 

microvascular. 43 1 --435 

for sickle cell ulcers, 366--367 

in thumb recons1ruc1ion, 503. 5 1 6. 5 1 8 .  554 

for venous leg ulcers. 363 

Fron1al bone. frac1ures of. in children. 1 36 

Frontal bone advancement, 90. 9 1 .  92 

Frontalis muscle 
resec1ion of'. 283 
as wrinkle line site. 8 

Frontal nerve, anatomy of. 274 

Frontal sinus 
anatomic boundaries of', 1 4 1  

developmenl ol', 140 

frac1ures of, 139-1-13 

post-fronlocranial remodeling growth of. 60 

Frontoorbital remodeling, in craniosynosto is. 60 

Frostbi1e, 360, 395-398 

Frown lines. See Glabellar frown l ines 

Gagging, Passavant's ridge formation during. 69 

Gait disturbances, 5 1 8  

Gamekeeper's thumb, 477 

Ganglion, 557. 563 

Gangrene, 359 

cu tis aplasia congcnita-rela1ed, 553 

frostbite-related. 397 

gas, 342, 5 1 2  

Gastrocnemius muscle. 430 

lateral, harvesting of, 437 

Gastroschisis. 342. 343 

Gender assignment. 378 

Genetic engineering. 65 

Genioplasty1 1 22 

Genitalia 
ambiguous, 378 

reconstruc1ion of. 376--380 

thermal injuries to, 385 

Gibson's principle. 307 



Gil lies approach. to the zygoma. I 59 

Gingivoperiostcoplasty. 63. 64. 65 

Glabcllar frown lines. 268. 274. 330 

Glial tumors. 94 

Globe 
orbital fat as support for. I 49- 1 50 

retrobulbar hemorrhage-related pressure on. 279 

traumatic injury 10. 1 30 
Glomus tumors. 500. 565 

Glossitis, median rhomboid, 2 1 5  

Glossopharyngeal nerve. 305-306 

Gluteus maximus muscle 
blood supply of. 369 

use as flaps. 350-35 I .  369 

Glycolic acids. 32 I 

Glycosaminoglycans. 35 

Goldcnhar syndrome. I 05. I 08. 209 

Golrers 

hamatc hook fractures in. 602-603 

ulnar wrist pain in.  6 1 4  

Gore-Tex, 345 

Gout, 459 

Graci l is free muscle transfer. 233 

Grafts. See also Bone grafts: Skin grafts 
cadaver. 403 

cartilage. 1 97- 1 98. 209. 303 

m icrosurgical lymphatic. 375 

onlay. 303 

porcine, 403 

Granuloma 
pyogenic, 50 I 

"swimming pool." 5 1 1  
tuberculous. 2 1 5  

Grease. removal from injured body parts. 39 I 

Great auricular nerve 

injuries to. I 73 . 299-300 

in oropharyngcal carcinoma. 208 

"Great nerves travel together." 229 

Grind test, 59 I 

Gump. Andy, 22 I 

Guyon 's canal. boundaries of. 44 7 

Guyon 's canal syndrome. 528 

Gynecomastia. 262-266 

endoscopic treatment for. 330 

ultrasound-assisted l i posuction treatment for. 3 1 6  

Hagedorn-Le Mesuricr method. o f  cleft I i p  repair, 6 I 

Haines-Zancol l i  test. 454 

Hair. tattoos as cosmetic mimics of. 329 

Hair-bearing skin. in lip reconstruction. 1 89 

Hair collar sign, 5.J.-55 

Hair fol l icles. effect on skin grafts. 408 

Hair removal procedures. 320 

Hamate bone, 6 I 3 

anatomy of, 6 1 4  

articulation with the lunate bone. 583 

blood supply of. 578 
fractures or, 598 

Hamate hook, fractures of. 592. 6 I 4 

Hanel. See also Fingers 
anatomy or. 444-450 

arthrodesis or, 539-542 

burn injuries to. 404 

cleft, 554 

congenital anomalies of. 5 1 6  

duplications. 547-554 

syndactyly, 545-547 

syndromes associJted with, 88 

fractures of, 467-475 

functional sensi bil i ty of. 45 1 

infections of. 444. 506-5 1 2  

innervation of. 446. 527 

I ndex 

Hand (cont.) 
ipsilateral deform ities or. 339 

metacarpal. 522 

mutilated. 5 1 9-523 

nerve function testing of. 527 

neurosensory functions of. 482-483 

physical examination of, 45 1-456 

radiologic examination or, 456-46 1 

rehabi litation or. 570-576 

replantation of, 5 I 3-5 14.  52 I 
rheumatoid arthritis of. 537-539 

small joint arthrodcsis in, 539-542 

small joint arthroplasty in. 542-544 

soft tissue coverage for. 47S-484 

1umors of. 562-566 

vascular anastomotic connections of. 447 

Hand surgery 
plate-and-screw fixation sets for. 25 

in  sickle cell disease patients. I 6 

Harlequin deformity. 89 

Head and neck. See ai.1-o Face: Neck 
embryology and anatomy of. 1 72-175 

local flaps of. 185-193 

reconstruction or. 1 90- 1 92 
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Head and neck cancer. 2 I I .  1 75-184. See also Oral cancer 
Height. as malignant melanoma risk l'actor. 38 

Hemangiocnclothelioma. kaposiform. 53 

Hemangioma. 52-54 

differentiated from vascular malformations. 52. 55 1 -552 

or the oral cavity. 2 I 5 

as tissue expansion contraindication, 22 

l- lemangiopericy1oma. I I I 
Hematologic disease. as leg ulcer cause. 360 

Hematoma 
abdominoplasty-rclated. 3 1 4  
al loplastic facial implant-related. 334 

cranial fossa fracture-related, 1 32- 1 33 

ear reconstruct ion-related. 2 1 0  

race-lift st1rgcry-rclatecl. 297-29 

gynecomastia surgery-related. 264 

retrobulbar. 206 

septa I .  I 45. I 46 

subungual .  500. 564-565 

1-lemoglobinuria. electrical injury-related. 388 

Hemorrhage 
max i l lofacial injury-related, I 30 

retrobulbar. 279 

Hepatitis. 325 

Hepatomegaly. 53-54 

Hermaphroditism. 378 

Hernia 

abdominal wall  rcpair-relatccl, 344 

incisional. 344 

inguinal. 377 

parastomal. 344 

transverse rectus abdom inis muscle !lap-related. 347 

Herniorrhaphy. 2 
Hinclf'oot, plantar ulcers ol'. 365 

Hislamine triple response. 535 

Histiocytoma. malignant fibrous. 564 

Holdaway rn1io. 85 

Holoprosenccphaly. 98. 1 06 

Holt-Oram syndrome, 553 

Hopkins rod endoscope. 330 

Homer's syndrome. 204, 280, 535 

Hot packs. 575 

Human immunodeliciency virus infection ( H I V )  patiems 
chemical peel or dcnnabrasion in.  32 1 
laser therapy in. 324 

Human papillomavirus. See Papillomavirus i nfection 
Hurler's syndrome, 88 

Hutchinson's sign. 45 1 .  50 I .  564-565 
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Hyaluronic acid, use i n  fetal wound healing, 34, 3 5  

Hydrofluoric acid, a s  b u rn  cause, 390, 39 1 ,  392, 393 

Hydroxyapatite, 25-26 

Hygroma, cystic, 55, 553-554 

Hyoid arch. 305 

Hyperplasia 
constricted breast, 250 

pseudoepithelomatous, 47 

Hypertelorism, orbital, 58, 94-96, 1 05, 1 06 

Hypertension, venous, 360-36 1 

Hyperthermia, malignant, 1 7  

Hyperthyroidism, as gynccomastia cause, 263 

Hypertrophy, virginal, 242 

Hyponychium, 499, 501  

Hypopharyngeal cancer, 1 80 

Hypoplasia, maxil lary, 36 

Hypospadias, 376-377 

Hypotelorism, craniosynostosis-related, 87 

Hypotension, in burn patients, 1 8  

Hypolhenar eminence, ulnar wrist pain in, 6 1 4  

Hypothyroidism, as gynecomastia cause, 263 

Hypoxia 
aspiration-related, 1 6  

effect o n  wound healing, 3 

l ieus, paralytic, in burn patients, 400 

I l iac arteries 
deep circumflex, 342, 430 

superficial circumflex, 342, 423, 479 

I l iac crest, as mandibular bone graft donor site, 224 

l l izarov technique, 358 

Immobilization 
of the hand, 469 

for wound healing, 7 

lmmunosuppression. as malignant melanoma risk factor, 38 

lmmunotherapy, for malignant melanoma, 4 1  

Implants. See also Alloplastic implants 
in nasolabial crease, 289 

Incisions 
axillary, 238 

bicoronal, I 53 

coronal, 1 55, 1 59, 275 

for felon drainage, 507 

gingival buccal sulcus. 1 60 

hairline, 275 

intraorbital, I 59 

intramammary, 238 

inverted T, 244, 245 

lateral brow, 1 54 

medial can thus, I 54 

mid-lid, 1 53, 1 55 

periareolar, 238 

for rhytidectomies, 292, 293, 294, 294-295 

subciliary, 1 53, 1 54, 1 55,  1 59, 1 62 

subtarsal, 1 59 

for thenar space abscess drainage, 5 1  I 
for tissue expander insertion, 20 

transconjunctival. 1 53-1 54, I 59, 20 I 

for upper l imb escharotomy, 402 

wound care for, 3 

W-type, in abdom inoplasty, 3 1 3  

Incisors, exposure during smiling and response, 1 1 9- 1 20 

Infections 
of the abdominal wall. 344 

alloplastic facial implant-related, 334 

of the foot, 366 

frontal sinus fracture-related, 1 4 1 ,  1 42 

of the hand, 444, 506-5 1 2  

mandibular fracLure-rcla1ed, 1 68 

rhytidectomy-related, 30 I 
of wounds, 4 

Infectious disease, as leg ulcer cause, 360 

Index 

Inferior oblique muscle, origin site of, 20 1 

lnfraorbital nerve, exit from skull. 1 4  

lnfraorbital nerve block, I 5 

lnfratrochlear nerve block. 1 5  
Inhalation injuries, 382, 383 

Insect bites, as leg ulcer cause, 360 

lnt.ercanthal distance. 94, 1 55 

lntercostal arteries, thoracic and lumbar. 342 

lntercosial nerve block. I 5 

lntercostobrachial nerve, in axillary lymph node dissection. 252 

Interferon, as resected melanoma treatment_ 44-45 

lntermaxillary fixation, 1 62. 1 67 

Internal fixation, 469-470 

of maxillary and orbital fractures, 1 62, 1 63. 1 67 

rigid, of mandibular fractures, 1 67 

in small joint arthrodesis. 541 

Internal mammary artery grafts, 337, 338 

Internal oblique muscle, 430 

lnterocclusal distance, 1 68 

lnterorbital distance, 94, 144 

I nterosscous muscles, 449 

lnterphalangeal joint 
anatomy of, 445-446 

extension of, 448 

fusion of, 550 

lnterpupi l lary distance. 94 

lnterscalene nerve block, 462, 464-465 

Intersection syndrome. 5 6 1 -562 

lmracranial pressure. cran iosynos1osis-reh11 d increase of, 87 

lntraocular pressure, inLraoperative i ncrease of. 279 

lntraoral approach 
in chin implant placemcm, 334 

to the orbital floor, 1 54 

lntraorbital fractures, I 5 I 
I ntraorbital nerve 

orbital noor fracture involvement of. 1 5  I 

relationship to orbital floor, I 48 

l 111raorbital nerve block. 2 1 2  

lntraorbital rim, standard approaches to, 1 59 

lntrascaphoid angle, 580-5 8 1  

Intravenous drug abusers, abscesses i n .  5 1 2  

I rrigation fluid, 3 1  

Ischemia 
of burn injuries. 402 

critical time of. 4 1 7  

ear reconstruction-related, 2 I 0 

face-lift-related, 298-299 

microvascular free tissue transfer-related, 432 

primary versus secondary, 4 1 7  

of wounds, 4, 29. 30 

lschemia-inducing agents. 394 

lschemia-repcrfusion injury, 4 1 7  

lsografts, 408 

Jacobsen's nerve, 1 74 

Jahss maneuver, 472 

Jehovah's Witnesses, leech therapy contraindication for. 440 

Joint(s), d islocations of, 476-477 

Joint motion, splinting for enhancement of. 575 

Jowls. 297 

Juncturae tendinac, 49 1 

Kanavel ,  Allen B.,  506, 509 

Kasabach-Merritt syndrome, 53 

Keloids, 5 

Keratinocytes, cultured, 4 I 2-4 1 3  

Keratosis, 3 ,  46 

K ienbock's disease, 603-608 

K leebanschiiclel anomaly, 88 

Kleinert traction, 570 

Kleinman test, 6 1 5  

Klinefelter's syndrome, 263 
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K lippel-Trenaunay-Weber syndrome, 55-56, 98 

Knee. soft t issue coverage of. 353 

Krukenberg procedure. 522 

K-wire fixation. 470, 60 1 

Lacerations 
facial ,  1 33-1 34, 1 73 

of nexor tendons. 484-490 

of the lip, 2 1 3  

periorbital, presence o f  fat in.  1 30 

Lacrimal bone, 1 48 

Lacrimal duel, 1 73 

Lacrimal glands 
in blepharoplasty, 278-279 

misidenti fication as upper eyelid fat, 278 

orbital and palpebral lobes of, removal of. 278-279 

ptosis of. 270 

transection of. 1 33 

Lag screw technique, for interfrngmentary compression. 475 

Lagophthalmos, 280-28 1 .  283 

Langer's lines, 8 

Laryngectomy, 1 8 1 - 1 82 

Larynx 
cancer of, 1 80- 1 82 

mechanical artificial. 1 8 1  

Laser 
action mechanisms and components of, 322, 323 

definition of, 322 

Laser procedures 
aesthetic, 322-324 

for hair removal .  320 

for hemangioma removal, 54 

for oral cancer resection. 220-22 1 

for 1a1100 removal. 325, 326, 327-328 

for vascular mul formalion removal, 55 

Lateral reti n:.1culum. 20 I 
Latham appliance, 6 1  

Latissimus dorsi muscle 
blood supply of, 1 92, 430 

use in breast reconstruction, 257 

use as flaps, 2 1 9. 227, 348-350 

LCIS (lobular carcinoma in si tu) .  25 1 -252 

Learning deficiency, 97-98 

Leeches, 439-44 l ,  5 1 4  

L e  Fort, Rene, 1 60. See also Fractures, L e  Fon 
Le Fort I maxi l lary segments. 1 2 1 - 1 22 

Le Fort I l l  advancement osteotomy, 9 1 -92 

Leg. See Lower extremity 

Le111igo maligna melanoma, 38-39 

Leprosy, 1a11oos as risk factor for. 326 

Lesser occipital  nerve, 208 

Le1hal midline cys1ic lympha1ic malformation. 55 

Leukoplakia, 47, 2 1 5  

Levator muscles 
aponeurosis or, 278 

function of, 205 

resection of, 205 

in velopharyngeal closure, 68 

Lcvator palatini muscles, cleft palate-related abnormalit ies of, 
68. 69, 72 

Levator palpebrae superioris muscle, function measurement 
of, 200-2 0 1  

Lichen pl anus, as l e g  ulcer cause. 360 

Lid. See Eyelid 
Lidocaine. 1 4, 15. 1 7  

Ligamen1s. See also specific l igaments 
as facial sof1 tissue support, 269 

injuries 10, 476-477 

Lightning injuries. 388 

Limb buds, 545 

Limbs. See also Lower extremity; Upper extremity 
syndromes affecting, 97 

Linburg ·s sign, 455 

Lines of facial expression, 8 

Lines of minimal 1ension. 8 

Li notriquetral shear test, 6 1 5  

Lip 
anatomic landmarks or, 2 1 1 
anesthesia i n filtration of, 2 1 2  

augmentation or. with fat transplantation. 3 1 7  

innervation of. 2 1 2  

lower 
chin implant-rehHccl numbness or, 334 

mandibular fracture-related numbness of. 1 34 

palsy or, 236 

reanimation of. 236 

lymphatic drainage or, 2 1 2  

musculature of. 1 88. 2 1 2  

primary function of. 2 1 2  

reconstruction of. 1 89, 2 1 1 -2 1 5  

upper, nerve blocks for, 1 4  
vascular anatomy or, 2 1 2  

Lip adhesion, 63, 65 

Lipectomy 
for jowl reduction, 297 

suction-assisted, 1 5- 1 6, 290 

Lipodystrophy, 3 1 7. 372-373 

Lipoedema. 372-374 

Lipoma, 1 4, 460 

Liposuction. 3 1 5-3 1 7  

as breast reduc1ion technique, 243, 245 

as gynccomastia treatment, 264 

of lymphedematous t issues, 375 

ultrasound-assisted. 243, 245, 3 1 6, 3 1 7  

Lip pit ,  98 

Lip pit-cleft lip syndrome. 98 

LOAF mnemonic, for interosseous muscle innervation, 449 

Lobular carcinoma in situ. 25 1 -252 

Local anes1hetics. See Anesthesia 
Lockwood's ligament, 285-286 

Long face syndrome, 1 2 1  

Long thoracic nerve. i n  axi l lary lymph node dissection, 252 

Lower extremity. See also Ankle; Foot: Toes 
amputated, replaniation of, 357 

amputation of. 356-357 

versus l i mb salvage, 358-359 

blood supply of, 354, 36 1 

compartments of. 355 

reconstruction of. 352-359 

ulcers of. 4. 355. 359-367 

Lumpectomy, 252 

Lunate bone, 6 1 3  

anatomy of, 579. 6 1 4  

articulation with the hamate bone. 583 

avascular necrosis or. See KicnbOck's disease 
blood supply of. 578 

dislocations of, 597 

fractures of, 598 

Luno1rique1ral compression lest, 589 

Lunolriquetral inlcrosseous l igamenl, 578 

Lunolriquctral joint. l imi1cd wrist arthrodesis of, 622 

Lunotriquetral l igament, 6 1 4  

tears of, 6 1 2-6 1 3, 6 1 5  

Lunula, 445. 499. 50 1 

Lymphangiogram. 373 

Lymphangioma. 55. 2 1 5  

Lymphangioplasty, 374 

Lymphangiosarcoma. 372 

Lymphatic malformations. 52, 55 

Lymphatic mapping, 44 

Lympha1ic system 
dermal, 501 

function of,  37 1 

Lymphedema, 37 1 -376 
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Lymph nuid ,  differentiated from venous edema. 3 7 3  

Lymph nodes. in mal ignant melanoma, 40 

elective dissection of. 43-44 

Lymphoma. 38 

Lymph vessels. transection of. 373 

Macrodactyly. 5 5 1  

Macrogcnia. 1 2 1  

Macromastia. 242 

Macrophages. role in wound healing, 2 

Macrostomia, I 08 

Maffucci syndrome, 56 

Magnclic resonance imaging (MRI )  
for abdominal wal l  defect evaluation, 343 

for electrical injury evaluation. 388 

for hemagioma evaluation. 52 

for inllammatory anhropathy monitoring, 46 1 

for Kienb6ck's disease evaluation. 604-605 

for lower-limb lymphedema evaluation, 373-374 

preoperative. for tumor evaluation. 563-564 

for skul l  base tumor evaluation, 1 1 3 

for soft-tissue tumor evaluation, 460 

for vascular malformation evaluation. 52 

for wrist disorders evaluation, 598 

Malar bone. See Zygoma 
Mahlr eminence, reconstruction of. I 90 

Malar fat pad. 287 

migration of, 288-289 

repositioning of, 289 

supporting struclllrcs of, 288 

suspension of, 289. 290 

Malformations, 96--97. 547 

Malignant melanoma. 38-45 

metastatic, 4 1 -42. 43 

Mallet linger. 49 1 -492. 540 

Malocclusion. Angle classi fication system for, I 1 8. 1 24, 1 66 

Malrotation. intestinal. 343 

Mamelon, 1 27 

Mammaplasl y 
augmentation, 27, 238-240 

bilateral intercostal nerve blocks for, 1 5  

breast implant malerials for, 238 

use in breast reconstruction, 254 

capsular contracture associated with, 239 

endoscopic procedures in, 330 

following mastopexy, 248 

reduction. 240-245. See also Mastopexy 
use in breast reduction, 254 

Mammography. 252 

in augmented breasts. 240 

Mandible 
anatomy of. 1 64-- 1 65 

coronoid process of. in zygoma fractures, 1 60 

fractures of, 1 3 1 ,  1 34. J 64--l 70 

cervical spine fractures-associated, 1 3 1  

i n  chi ldren, 1 36. 1 37, 1 38-1 39 

cdentulous, 1 69 

favorable and unfavorable, 1 66 

multiple. 1 69 

six Ps of. 1 65 

subcondylar, 1 32 

hypoplastic. distraction of, 1 09 

lengthening of, I 09 

malformations of, 1 08. 1 09 

Mandible 
major growth cenler of, 1 38 

movement of, average measuremems of, 1 28 

oral cancer involvement of, 1 79 

recons1ructio11 of, 221-225 

relationship Lo the facial nerve, 2 3 1  

size increase of, I 09 

trauma response of, 1 65 

I ndex 

Mandibular nerve block. 1 4  

Mandibular opening. vertical. normal range of, 1 22 

Mandibular osteocutaneous l igaments. 269 

Mandibular plane angle. I 1 9  

Mandibular ramus. I 08. I 09 

Mandibulectomy, 1 79, 2 1 7. 2 2 1  

Mandibulotomy, w i t h  pharyngotorny. 1 80 

Mannitol, 206 

Marijuana, as gynecomastia cause, 263 

Marioneuc l ines, 287 

Marlcx polypropylene mesh. 23-24. 345 

Masquelet 's tesL 589 

Masseter muscles 
mandibular nerve block for, 14 

paralysis of, craniofacial microsomia-related. I 08 

Mastectomy, 253 

breast reconstruction fol lowing. 254-258 

as gynecomas1ia trea1111cn1. 265 

Mastication, muscles of, 1 28. 1 74 

Mastopexy, 246--25 l 

use in breast reconstruction, 254 

Maxilla 
alignment of, in bi lateral cleft l ip repair. 
bone grafts for. 1 62 

bunresses of, 1 6 1  

fractures of', 160-164 

in children. 1 37 

classification of, 1 37 

displaced, reduction of, 1 37, 1 38 

Le Fort I, 1 60, 1 6 1  

Le Fort I I ,  1 32, 1 60 

Le Fon I l l .  1 32 .  1 60, 1 62 

Maxil lomandibular fixation. 1 67. 1 68, 1 69 

Maximal voluntary effort tests. 574 

Maxon, as suture material. 7 

McGregor's patch, 288 

Medial canthal tendon. 149 

avulsed, reduction of, 206 

canthoplasty of, 96 

incisions in, 1 54 

insertion site or. 201 

tumors of, 202 

Medial pectoral nerve, in axil lary lymph node dissection. 253 

Median nerve 
anmomy of. 534 

compression of. 528. 530. See also Carpal tunnel syndrome 
injuries Lo, 573 

interosseous muscle innerva1ion by. 449 

in thumb interphalangcal joint extension. 446 

Median nerve block, 465 

Median nerve palsy. Lendon transfer in, 493-494 

Median/ulnar nerve palsy, tendon transfer in, 495 

Melanoma. 564 

of the car, 2 1 1 

subungual, 501 

surgical margins ror. 1 84 

Meloschisis, I 03 

Meningioma, 233 

Meningitis, frontal sinus fracture-related, 1 4 1  

Meningomycloccle. 352 

Mental nerve, exit from skull. 14 

Mental nerve block. 14, 2 1 2  

Mental retardation. Crouzon ·s syndrome-related. 98 

Meralgia pares1he1ica. 529 

Meshed graf'ls, versus sheet grafts. 385 

Metabolic disease. as leg ulcer cause. 360 

Metabolic rate, in burn patients. 398, 399 

Metacarpal(s), short fourth. 459 

Metacarpal head, palmar rotation of. 5 1 7  

Metacarpophalangcal joinL 466, 467, 49 1 

anatomy of, 445 

arthroplasty of, 538. 57 1-572 



Metacarpophalangcal joint (com.) 
effect of extensor rupture on. 537 

flexion position of. 445 
flexor and extender of. 448 

fusion of, 540 
physical examination of. 453 
sprains of, 455 

Metals. as alloplastic implant materials. 25 
Metastasis 

to the hand, 459 
or malignant melanoma, 4 1 -42. 43 
or oral cavity carcinoma. 1 77 
to the skull base. 1 1 1  
of squa111ous cell carcinoma, 50-5 1 

Mcthyl111cthacrylate, 27 
M icrobiology. quantitative and qualitative. 3 1 -32, 33 

Microcephaly. 8. 98 

M icrogcnia. 1 2 1  
Microscope, operating. 5 1 3  
Microsomia 

craniofacial.  108-1 1 0  

hc111 ifacial, 5 8 .  1 04-105. 208 
M icrosto111ia. 405 
Microtia, 208-209 
Microvascular transplants. See Free tissue transfers. 

microvascular 
Midcarpal joint, physical examination of. 590 
Midfoot. plantar u lcers of, 365 
Midlinc capil lary stain. 54-55 

Midpal111ar space. boundaries of. 5 1 1  
Mid-tibial region. sofl t i ssue coverage of, 353 

Mi111etic 111uscles. 287. 288, 290 
M i neral supplementation. for burn patients. 400 
Mini-abdo111inoplasty. 3 1 3  
Mirault-Blair-Brown 111cthod, o f  cleft l ip repair. 6 1  
Mitotic index, o f  expanded skin. 20 
Mitotic rate. of malignant melanoma. 40 
Mo bi  us syndrome. 229. 235 
Moh ·s fresh frozen section technique. 48 
Moles, mal ignant potential of, 42 

Molluscu111, tattoos as risk factor for. 326 
Monobloc advancement. 93 

Monocryl, as suture material, 7 

Mucocelc, 1 1 1 , 1 4 1 .  2 1 5  

Mucoperichondrium. hydrodissection of, 304 
Mucosa 

Bowen's disease of. 47 
buccal. defects of. 2 1 6-2 1 7  

Muir-Torre syndrome. 46 

M u ller's muscle, injury to. 20 I 
Muscles. See also specific muscles 

or  branchial arch derivation. 1 72 
vascular supply of. 435-436 

Muscle transfers 
for facial reanimation, 234. 235. 236 

pectoral is mi nor. 234-235 
Muscularis uvulae muscle. role in vclopharyngeal closure. 

68 
Musculi frontalis muscle. function of, 274 
Musculocutaneous nerve. anatomy or. 534 
Musculofascial repair. indication for. 3 1 4  
Mycolwcterium 111ari1111111. 5 1 1  
Myco/Jacterium /flbercu/osis. tallOOS as risk rac1or for. 326 
Myoblastoma, granular cell .  1 25 
l\1lyocardial inrarction. general anesthesia use following. 1 8  
Myolibroblasts. 35. 557 
Myoglobinuria. 388 
Myonecrosis. clostridial. 342 

Nagar syndrome. 97 
Nahai-Mathcs classification. of fasciocutaneous llaps. 

42 1 -422 
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Nail fold. proximal. 45 1 
Nail plate. growth of. 444-445 

Nails 
runction of. 45 1 
pig111en1cd streaks of. See Hutchinson's sign 

Nasal angles. 302 
Nasal lining. 1 98. 1 99. 302 
Nasal nerve blocks. 1 5  
Nasal tip. See Nose. tip or 
Nasal valves. 302 
Nasion, as ccphalomctric landmark. I 1 9  
Nasoendoscopy. use for skull base tumor diagnosis, 1 1 3 
Nasoethmoidal-orbital fractures. 140. 1 54- 1 55. 206 
Nasofrontal angle. 302 

Nasojugal junction. 285 

Nasolabial angle, 302 

Nasolabial crease. 287. 288. 289 

Nasolabial fold. 287-290 

Nasolacrimal duct. 1 74 
postoperative dysfunction of, 96. 206 

Nasopharyngeal tumors, I 1 3- 1  1 5  
Nasoschizis. I 02- 1 03 
Natural skin lines. 8 
Navicular fat stripe sign. 600 
Neck 

aging 
aes1he1ic rejuvenation or. 27 1 
chronologic signs of. 268-269 

burn-related contractures of'. 404-405 
dissection of. 1 76- 1 77. 1 78- 1 79. 1 8 3 .  1 84 
local flaps for. 185-193 

reconstruction of. 1 90- 1 92 
zones of. 1 7 5  

Neck l ifts. laser facial resurfacing w i t h .  324 
Necrosis. avascular 

of the lunate bone. See KicnbOck"s disease 
scaphoid fracture-related. 599 

Neonates 
finger duplications in. 548 
passive oral prostheses for, 73-74 

presurgical orthopedic correction in. 74-77 
Ncrvc(s). See also specific nerves 

regeneration of. 525 

Nerve blocks. 1 4- 1 5. 46 1 -467 
brachia! plexus. 46 1 -463 
for fingertip injury repair, 503 
intraorbi1al. 2 1 2  

Nerve compression syndromes. 528-533 

Nerve decompression. 530-53 1 ,  532-533 
endoscopic. 533 

Nerve grafts 
of the brachia I plexus. 535 

cross-facial. 233. 235 

"baby sitter" principle of'. 235 
ipsilateral. 233 

Nerve injury 
combined, tendon transfers in. 498 
face l ift-related, 299-300 
hand rehabilitation in. 572 
onhognathic surgery-related. 1 22 

Nerve palsies. combined. tendon transfers in. 495 
Nerve transfers. 526 
Neurapraxia. 524 
Neurocranium. 87 
Ncurolysis. 532. 535 
Ncuroma. Morton ·s. 529 
Neurons. 524 
Ncuropathics. pressure ulcers associated with. 30 
Ncurotization. of the brachia! plexus. 535 
Neurolmesis. 524 
Ncuro1ropism. di fferentiated from neurotrophism. 527 
Neurovascular bundle. displacement of. 556 

637 
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Nevi 
benign, 5 0 1  

melanocytic, 3 8  
blue, 4 8  
dysplastic, 42 
sebaceous, 4 7 

Nipple 
discharge from,  253 
innervation of, 24 1 
in reduction mammaplasty, 244 

Nipple-areola grafts, 244 
in gynecomastia treatment, 264, 265, 266 

Nipple-areola reconstruction, 258-262 

ianoo use in, 329 
Nipple grafts. 244 
Nodular u lcerative carcinoma, 48 
Nodules, thyroid, 1 83 
NOE (nasoethmoidal-orbital) fractures, 1 40, 1 54-155, 206 

Orlon Scale, for pressure sore risk assessment, 368 
ose 
aging, aesthetic rejuvena1ive surgery of, 27 1 
blood supply of, 1 44 
in cleft l ip  repair, 63, 64 
fractures of, 143-147 

in children, 1 35, 1 36 
hemorrhage from, craniofacial fracture-related, 1 30 
lining of, 1 98, 1 99, 302 
middle, 302 
preoperative anesthesia injection into, 304 
proximal, 302 
reconstruction of, 193-199 

in  orbital hypenelorism, 96 
root of, horizontal wrinkles at, 274, 33 1 
skin quality of, 1 94 
structural anatomy of, 1 43, 1 73- 1 74, 302 
subunits of, 1 93 
tip of 

blood supply of, 302 
pinched, 303 
rot al ion of, 304 
supports for, 303 

Nulritional deficiencies, effect on wound healing, 3 
Nutritional support, for burn patients, 399, 300, 40 1 

Obesity, morbid, 3 1 5 
Oblique muscles 

functions of. 149 
origins and insertions of, 34 1 

Oblique retinacular ligament, 449 
Obstetric palsy, 535-536 
Occlusal plane, 1 27 
Occlusion. See also Malocclusion 

arterial versus venous, 440 
in maxil lomandibular fixation, 1 69 

Oculoauricular-vertebral syndrome, 225 
Oculomotor nerve, 149 
OK-432, as lymphatic malformation therapy, 55 
Olfactory function, during orbital hypcrtelorism correction, 95 
Ollier's disease, 458 
Omentum 

use as naps, 227, 339, 347 
prosthetic mesh coverage for, 346 
transposition of, as lymphedema treatment, 374-375 

Omphalocele. 342 
differe111ia1ed from gastroschisis, 343 

Onycholysis, 500 
Onychomycosis, 500 
Open bite 

anterior, 1 26 
condylar head subluxation-related, 1 33 
mandibular fracture-related, 1 32 

Open reduction, of fraclllres, 470 

Open roof, 303 
Oppenheimer effect, of alloplastic implants. 24 
Optic canal, 1 49 
Optic foramen, 148-149 
Oral cancer, 2 1 6  

distribution of, 2 1 6  
regional lymph node meLas1ascs of, 1 78 
resection of, in myocardial infarction patients, 1 8  
risk factors for, 2 1 5  

Oral cavity 
borders and contents of, 2 1 5  
electrical injuries to, 388-389 
reconstruction of, 2 1 5-221 

Oral cavity noor 
cancer of, 2 1 6  
reconstruction of, 2 1 6, 2 1 8. 220 

Oral cleft craniofacial d isorders, orthodontics for, 73-81 
facial growth and, 80-8 1 
for orthodontic management, 77-80 
passive prosthetics, 73-74 
for prcsurgical orthopedic correction, 74-77 

Oral commissure 
defects or, 1 89 
electrical injuries to, 388-389 

Orbicularis oculi muscle 
anatomy, innervation, and function of, 200, 286 
paralysis of, 206 

Orbicularis oris muscle. 2 1 2  
Orbit 

anatomy of, 147 
anterior, as inferior oblique muscle origin site, 20 I 
bone grafts for, 1 62 
bony structures of, 148 
fascial  framework of. 202 
fractures of, 1 30- 1 3 1 ,  1 32, 147-156 

protective bony structures of, 1 48 
trans frontal nasal exposure of, I 1 3- 1  1 4  

Orbital apex syndrome, 1 54 
Orbital fissures, inferior and superior, 1 49 
Orbital noor 

fractures of, 26, 1 34, 1 5 1  
involvement i n  Le Fort I l l  fractures, 1 62 
reconstruction of. 1 52. 1 62 
standard approaches 10, 1 59 

Orbital rim, lateral, common approaches I . 1 59 
Orbital roof, fractures of, 1 5 3  
Orbital walls, anatomy of, 1 48 
Oronasoocular cleft, I 03 
Oropharyngeal carcinoma 

ear pain associated with. 208 
squamous cell, 1 79- 1 80 

Onhodo111ics 
as craniofacial microsomia treatment, I 09 
as oral cleft craniofacial disorders trcatmenl, 73-8 1 

facial growth and, 80-8 1 
for orthodontic management. 77-80 
passive prosthetics, 73-74 
presurgical orthopedic correction, 74-77 

presurgical, 74-77, 1 20- 1 2 1  
Orthognathic surgery, 1 18-123 

Osseointegra1ion, dental rehabilitation by. 225 
Ossification, of cranial bones, 86 
Osteoarthritis, primary. 458 
Os1eogencsis, distraction, I 09 
Osteoma, osteoid, 566 
Osteomyelitis, 359 

human bite-related, 5 1  I 
pelvic, 369 

Osteosynthesis, rigid, 1 67 
Osteotomy 

with frontal bone advancement. 90. 9 1  
Le Fon, differentiated from L e  Fo n  rrac rures, 1 6 1  
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Os1eo1omy (cont.) 

Le Fon I, 92, 1 22 
Le Fon I l l ,  9 1 -92 
mandibular, 1 2 1 ,  1 22, 1 80 
with monobloc advancemen1, 93 
for orbital hypertelorism correction, 95 
radial wedge, 608 

010plas1y, 305-3 10 

bilateral, mal ignant hypcrthermia during, 17  
cartilage-molding and cart i lage-breaking techniques in ,  

308-309 
regional nerve block for, 1 5  

Outpatient surgery, discharge o f  patients following, 1 9  
Overbile, 1 1 9, 1 26 
Overfeeding, of burn patients, 400 
Overjel, 1 1 9, 1 26 
Oxalic acid, use in talloo removal, 326 
Oxycephaly, 58. 59. 88 

Packings, nasal, for nasal fractures, 1 45 
Pain, nerve compression syndromes-related, 529 
Pain management. 

in burn pa1ien1s. 384 
Pala1.al structures, 66 
Palale 

fraclures of. 1 3 1  
necrorizing sialometaplasia of, 2 1 5  
primary and secondary, 66 
reconstruction of, 2 1 6  

Pala1ine anery, i n  Le Fon I maxil lary segmen1s, 1 2 1 - 1 22 
Palatopharyngeus muscles, role in velopharyngeal closure. 68 
Palmaris longus tendon. 

absent, 450 
Palmar muti lation injuries, 5 2 1  
Palpebral fissures 

antimongoloid slant of, 1 53, 1 57 
postoperalive shonening of, 96 

Palsy. See Paralysis 
Papi l l edema, 87 
Papilloma, inverted, 1 1 1  
Papi l lomavirus infections, 326, 564 
Papineau technique, of bone grafting, 357-358 
Paraffin baths, 575 
Paraganglioma. I I I 
Paralysis 

facial. See Facial nerve paralysis 
obstetric, 535-536 
palaial, I 08 

Paraplegics 
pressure ulcers in, 30 
spasticity in. 368 

Parasymphyseal frac1ures, 1 68 
Parenteral nulrilion, for bum patients, 399 
Parkes-Weber syndrome, 55-56, 98 
Paronychia, 444, 500, 507, 508 
Paro1id duct 

injuries of, 1 33 
localization of. 1 73 
severance of, I 73 

Parotidectomy, 229 
Parotid gland, severance of, 1 73 
Parotid gland cancer, surgical treatment of, 1 83 
Parrol beak deformity, 303 
Parsonage Turner syndrome, 536 
Passavant's ridge, 69 
Pectoral is  major muscle 

comparison with internal oblique muscles, 430 
use in  median s1crnotomy wound reconstruction, 337-338 

Pectoralis minor muscle transfer, 234-235 
Pectus carinatum, 340 
Pectus excava1um, 339-340 
Pelvis, osteomyeli1 is of, 369 

Penetrance, di fferentiated from expression, 97 
Penicil l i n, 1 65 
Penile artery, 376 
Penis 

anatomy of. 376 
curvature of. 379 
reconstruclion of, 379 

Perineum. thermal injuries to, 385 
Pcridex, 1 65 
Perionychium, disorders of, 499-50 I 

Perioral region 
aging, aesthetic rejuvcnative surgery of, 2 7 1  
chemical peel o r  derrnabrasion of. 32 1 

Periosteum 
effect of radial ion 1herapy on, 2 1 7  
i n  rhinoplasly, 304 

Peripheral nerve 
compression syndromes of, 528-533 

functional anatomy of, 524 
in juries to, 524-528 

end-to-side repair of, 527 
tendon transfers for. 493-495 

Pernio, 395 
Pcroneal nerve compression, 529 
Peyronie, Fran<;ois de la, 379 
Peyronie's disease, 379, 555 
Pfciffer's syndrome. 88, 97 
Phalanges 

extraarticular fractures of. 470-47 1 
intraarticular fractures of, 457 

Phallic reconstruction. 379 
Pharyngeal wal l ,  speech-enhancing al loplastic implants in, 

332 
Pharyngotomy, 1 80 
Phenol, 

as burn injury cause, 390, 39 1 ,  393 
use as chemical peel, 3 1 8, 3 1 9, 32 1 

Phlcboliths. 53 
Phosphorus, as burn injury cause, 389, 390. 393 
Pho1oaging, Glogau's classification system of, 320 
Pho1oallergic reac1ions, 10 iauoos, 325 
Pho1ographs, preoperalivc, 2 7 1 -272 
Photoplethysmography, for venous hypertension diagnosis, 

3 6 1  
Photothermolysis, selective, 5 5 ,  323 
Phrenic nerve blocks, 464, 464-465 
Pierre Robin anomaly, 98 
Pigment. See also Skin pigmentation 

deposition wilhin 1he nail plate. 50 I 
Pinocchio l ip,  303 
Pisiforn1 bone, 6 1 3  

fractures of. 59 1 -592, 598 
Pisotriquelral joint, 582-583 
Pivol shift lest, 590 
Placenlal bands, 549 
Plagiocephaly. 58, 59, 89. 90-9 1 ,  97 
Pla1elet-derived grow1h factor, 4, 5, 35-36 
Plates, use in mandibular reconstruction, 222 
Plates and screws, bioabsorbable, 24 
Platysma 

in lower l i p  reanimation. 236 
ptosis of, 292 
in rhytideclomies, 29 1 -292, 293, 296, 297 

Platysma-auricular ligament, 269 
Platysma-cutaneous l i gament, 269 
Ple1hysmography. air. 36 1 
Pneumothorax 

brachia! plexus block-related, 464 
inlercostal nerve block-related, 1 5  

Points A and B, a s  cephalometric landmarks, I 1 9  
"Pointed head," 88 
Poland syndrome, 339, 552-553 
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Poll icizalion. of hypoplas1ic 1humbs. 552 

Polydioxanone. as suture material, 7 

Polyethylene. use in facial augmentation, 26, 332 

Polyglycolic acid, absorbable, as alloplas1ic implanl malerial. 
24 

Polymers 
absorbable. as alloplastic implant malerial, 24 

nuorocarbon. 28 

Polymorphonuclear cells. in wound healing, 2,  3 

Polypropylene, use in abdominal wall reconslruction, 345 

Polyps. mucosa!, of the oral cavity, 2 1 5  

Polytetranuoroethylene ( PTFE). 28 

Ponten, Bengt, 422 

Porokera1osis, 46 

Pon wine stains, 54, 55 

lalloo 1reatmen1 for, 328. 329 

Preauricular defecls. flap closure of. 1 90 

Prehension. 5 1 9  

Premax i l la, 66 

Prepalatal struclures, 66 

Pressure sores, 29, 30. 368-371 

Presurgical orthopedic correcl ion, of cleft l ip/cleft palate, 
74-77 

Procerus muscle, 33 1 

Profile analysis, as cephalomelric analysis component, 84-85 

Prof undus tendons. in transected fingers. 450 

Progeria. 273 

Prolene, use in abdominal wall reconstruction. 345 

Pronator quadratus fa1 pad. 594 

Pronator syndrome, 528 

Proplast I. 28 

Proprius tendons. 448 

Prostheses/prosthe1ic materials 
for abdominal wall wound coverage, 344, 345-346 

for mutilated hands, 523 

for thumb reconstruction, 5 1 6  

Provocative testing. fo r  nerve compression diagnosis. 530 

Proximal interphalangeal joint. 49 1 

dislocations and subluxa1ions of. 476 

fusion of, 540, 550 

intcrosseous muscle contracture of, 454 

intraarticular fractures of. 572 

soft 1issue support for, 476 

"Prune belly" syndrome, 343 

Pseudoblepharoptosis. 277 

Pseudohypoparathyroidism. 98 

Pseudomacrogenia, 1 2 1  

Pseudomicrogcnia. 1 2 1  

Pseudoptosis. 247 

Pseudoxanthoma clasricum. 273 

Psorulen u ltraviolet A. as vit i l igo treatment, 329 

Ptcrygoid muscles, paralysis of. cranioracial m icrosomia-
related. I 08 

Ptosis 
o r  the arm, 3 1 7  

of' ihe breast, 247. 330 

mastopexy reversal of. 246-25 1  

i n  reconstructed breasts, 254, 255 

congenital. 205 

evaluation of, 204-205 

of the eyelid. See B lepharoptosis 
of the lacrimal glands, 270 

mid-face. 293 

Muller's muscle injury-related, 20 I 
of the platysma. 292 

postoperative, 96 

surgical correction of. 205 

Pudenda! artery. superficial external. 342 

Pu l leys, anular and crucia1e, 449. 484, 485, 559-560 

Punctum, relationship of colobomas to, 1 03 

Pupil. Marcus Gunn. 1 30, 1 5 0  

Pyramidalis muscle. origins and insenions of, 34 1 

Quadrangular space. 435 

Quadriga syndrome, 502 

Quadrilateral space. 424 

Quadriplegics 
pressure ulcers in, 30 

tendon transfers in 497 

Radial artery. isolated injuries to. 5 1 5  

Radial mutilation injuries, 5 2 1  

Radial nerve 
anatomy of, 534 

compression of. 530 

injuries 10, 52 1 ,  572 

paralysis of. tendon transfers in. 493 

in thumb in1erphalangeal joint ex1ension. 446 

Radial nerve block. 465 

Radial 1unnel syndrome. 528. 532 

di fferentiated from tennis e lbow, 530 

Radiation. ionizing. as skin cancer risk factor. 46 

Radiation injuries. 30 

Radiation therapy 
adverse effects of. 30 

abdominal wall wounds. 342. 344 
leg ulcers, 360 

on the perios1eum. 2 1 7  

scalp wounds. 226. 227 

for basal cell carcinoma. 49 

for head and neck cancer. 1 77 

for oropharyngcal squamous cell carcinoma, 1 79-1 80 

for squamous cell carcinoma of the tongue. 1 79 

Radiocarpal join!. 582-583 

physical examination of. 590 

Radiography 
for nasal fracture evaluation. 145 

for scapholunale evaluation. 6 1 1 -6 1 2  

Radiology, of the hand, 456-461 

of the wrist, 593-598 

Radiolunate angle, 579 

Radioscapholunate ligament. 580 

Radioulnar joint. dis1al, 582-583 

Radius 
distal 

analomy of. 6 1 7  

arterial blood supply of. 5 8 1  

fractures or, bone grafl harvest-related. 223 

as mandibular bone graft donor site.  223. 224 

Rapid slide tesl, 32 

Ravitch technique. for pectus excavatum reconstruction. 
339-340 

Reagan's 1es1, 589, 6 1 5  

Rccombinanl human grmvth hormone. as burn injury therapy, 
400 

Reconstruction plates, mandibular. 222 

Rectus abdominis muscle 
arterial supply or. 430 

use as nap, 338. 353 

origins and insertions of. 34 1 

Rcctus fcmoris muscle 
blood supply of. 370 

use as flap, 346 

Rectus muscles. functions of. 1 49 

Renex sympathe1ic dystrophy. 557, 566-570, 575-576 

imaging evaluation of. 459-460 

Renal fai lure, hypcrparathyroidism associated with. 459 
Renal transplants. as malignant melanoma risk facLOr. 38 

Rendu-Osler-Weber syndrome, 55-56 

Rcplanlation surgery. 5 13-5 1 6  

o f  the hand. 5 1 3-5 1 4. 5 2 1  

use o f  leeches i n ,  439. 440. 44 1 

Reserpine, as gynecomastia cause. 263 

Resuscitation 
of e lectrical injury victims. 388 
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Resuscitation (co111 . )  

of thermal injury victims. 383 
Rctattooing. 329 
Revasculariz;1tion surgery. 5 1 4. 5 1 5  

o f  the hand. 5 2 1 
as Kienbiick"s disease 1rca1men1. 606-607 

Rhabdomyosarcoma. I I .  564. 565 
Rheumatoid arthritis. 537-539 

radiographic hall marks of. 457 
tendon transfers in ,  496-497 
ulnar deviation deformity of. 453. 457-458 

Rhinion. 1 44 
Rhinoplasty. 1 46, 302-304 

with chin augmentation. 333 
cleft. columellar struts for. 26 
regional anesthesia for. 1 5  

Rhytidectomy. 291-301 

'·facial danger zones 
. .  

in. 230 
facial nerve i njury during. 2 3 1 

Ribs 
as cart i l age \lap donor site. 209 
developmental anomalies of. 339 
embryological formation of. 336 

Ring blocks, 466 
Robin. Pierre. 98 
Roen1genography. panoramic, for mandibular fracture 

evaluation. 1 65 
Rolando's frac1ures. 457. 474-475 
Roos test. 536 
Ropivacaine. 463 
Rotation-advancement technique. of cleft l ip  repair. 6 1 -63 
RSTLs. 8 
"Run-around 

.. 
inrcctions, 508 

Saddle nose deformity. 1 45 .  1 46. 1 55,  303 
Saetre-Chotzen syndrome. 97 
Salabrasion, 326 
Sal ivary gland 

masses of. tine needle aspiration of, 1 82- 1 83 
pleomorphic adenoma of. I 1 I 

Salmon patch. 53 
Salter-Harris c\assific:uion, of epiphyseal fractures. 468 
Sarcoma 

clear-cel l ,  564 
cpithcloid. 557. 563. 564 
osteogcnic. of skull  base. I 1 1  
synov ial.  564, 565. 566 
of the upper extremity. 563 

Scalp 
anatomic layers of. 1 73 ,  226 
blood supply of, 1 73, 226 
reconstruction of. 22.  226-228 

replantation of, 5 1 5  
wound management for. 226---227 

Scaphocapitate syndrome. 603 
Scaphocephaly (sagi11al synostosis). 58. 59, 87. 99 
Scaphoid bone 

anatomy of, 6 1 4  
arthritis of. 6 1 7  
blood supply of, 578. 599 
fractures of. 595-596. 597. 598. 599, 600-602. 603 

occu\1, 599-600 
in pediatric patients. 602 

radiographic examinarion of. 594 
rotary subluxation of. 596. 6 1 8  

Scaphoid fat pad. 594 
Scaphoid shift maneuver. 585. 587-588 
Scapholunate advanced col lapse (S LAC) wrist. 6 1 9-62 1 .  622. 

623, 624 
Scapholunate angle. 579 
Scapholunate dissociation. 6 1 1 -6 1 2. 623 
Scapholunate interosseous ligament. 578 

Scapholunate joint. physical examination of. 585-586 
Scaphotrapcziotrapczoid test. 585. 587 
Scapula. as mandibular bone graft donor site. 224 
Scars 

actinic/seborrheic keratosis-related. 3 

breast surgery-related. 243, 248. 250 
burn-related. 3 .  402-403. 404. 406. 574 
dcrmabrasion removal of. 3 2 1  
fetal wound-related. 35 
hypcnrophic/kcloid. 5 
optimal. 8 

revision of. I 0 
tattoo excision-related. 326 
lalloo treatment for. 328 

Schinncr"s test. 202. 232. 268 
Schwann cells. 524 
Schwannoma. malignant. 1 1 1  
Sciera\ show. 1 54 
Scurvy. effect on wound healing. 29 
Sebaceous glands. effect on skin grafts. 408 
Seizure d isorders. Dupuytren's d isease associated with. 555 
Sella. as cepha\omctric landmark. 1 1 9 
Septa\ angle. 302 
Scp1oplas1y. 145. 1 47 
Seroma. 2 1 0. 265. 3 1 4 
Scrratus anterior muscle. harvesting or. 437 
Sheet grafts. versus meshed grafts. 385 
Shon face syndrome. 1 2 1  
Shotgun wounds. 222. 342 
Sialolithiasis. 2 1 5  
Sickle cc\\ disease patients. 1 6. 29 
Sil icone. 27 

as breast implant material. 238.  240 
complications of. 543 
use in  facial augmentation. 332 
physical properties of. 26-27 
use in  small joinl arthroplasty. 543 

S i l icone sheets/gel .  for burn-related hypcnrophic scar 
prevention. 404 

Simona rt 's band. 68 
Sinuses 

cthmoid, 94 
maxillary. 1 03- 1 04. 1 63 
ostcomycl i t ic draining. 564 

Skeletal analysis. as ccphalometric analysis component. 84 
Skin 

epithelial appendages or. 408 
glabrous. 503 
l ntegra artificial. 385 
premature aging of. 273 
t issue-cultured, 4 1 2-4 1 3  

Skin cancer. See also Malignant melanoma 
inherited conditions-associated. 46 

Skin \laps. See Flaps 
Skin grafts, 408-4 14 

for abdominal wall  wounds, 344 
autologous. failure of, 409-4 1 0  
blisters of. 4 
\"or burn wounds. 384-385. 406 
classilication of. 408 
from contralatera\ eyelid.  204 
cosmetic tallooing of. 328-329 
donor sites of. 4 1 0  
i n  Dupuytren·s disease. 558 
in  elderly patients. 4 
expansion methods for. 4 1 0  
for fingert ip injuries. 502 
free dermal.  4 1 3  
healing of. 409 
Jower-ex1remi1y. 354. 355 
Meek island sandwich. 4 1 0  
meshed. 4 1 0  
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Skin grafts (com.) 
for nasal reconstruction, 1 94. 1 95 
for nipple reconstruction, 259. 260 
pinch, 4 1 0  
reinnervation of. 4 1 0  
relay transplantation. 4 1 0  
for scalp wound coverage, 227 
for sickle cell ulcers, 366 
split-thickness, 4 1 1 

use in burn reconstruction, 403, 404 
donor sites of, 4 1 2  
epithelium thickness in, 408-409 
versus ful l-thickness. 408 

as tissue expansion contraindication. 22 
of uniform thickness, 503 
for venous leg ulcers, 362 

Skin lesions, removal of. 8 
Skin paddles. 429, 436 
Skin pigmentation 

implication for laser resurfacing, 323 
of lesions. 564-565 
as melanoma risk factor, 38 
mismatching of.  in sk in  grafls, 4 1 1 
sun-reactivity classification of, 3 1 9  

Skin substi1u1es, uni laminar and b i  laminar. 4 1 3  
Skull 

decorticated outer table of, skin graft coverage for, 227 
as nerve exit site, 1 4, 228 
growth of, 60 
measurement of. See Cephalometrics 

Skull  base 
anatomic divisions of. I I 0 
fractures of. 1 33 

Sku l l  base tumors, I I I 
diagnosis of, I 1 2- 1  1 3  
surgical treatment of. 58, 1 1 0-1 1 7  

c losure and reconstruction i n ,  I 1 6- 1  1 7  
complications of, 1 1 7 
transfacial approaches in, I I l - 1 1 2, 1 1 3- 1 1 6  
transfrontal nasal approaches in, 1 1 3- 1 1 4  

Sleep disturbances, nerve compression syndromes-related, 529 
SMAS. See Superficial musculoaponeurotic system 
Smith"s fractures, 595 
Smoking, as cleft palate cause, 67-68 
Smoking cessation. prior to face-lift surgery. 298 
Sodium bicarbonate, 1 7 ,  1 8  
Soft I issue. craniofacial microsomia-rclated deficiency of. I I 0 
Sofl-tissue tumors. magnetic resonance imaging of, 460 
Soft triangle. 302 
Spare parts surgery, 357, 522 
Spasticity. paraplegia-related, 368 
Speech deficits, cleft palate-related, 70. 7 1 -72 
Speech function, alloplastic implants for improvement of, 332 
Speech rehabil itation. of l aryngcctomy patiems, 1 8 1 - 1 82 
"Spilled teacup" sign, 6 1 0  
Spina bifida cystica, 352 
Spina bificla occulta, 53 
Spinal cord injury, 1 68, 368 
Spine, cervical, fracwres of, 1 3 1  
Spironolactone, as gynecomastia cause. 263 
Splanchnocranium, 87 
Splinting 

as carpal tunnel syndrome treatment, 574 
after Dupuytrcn 's contraclure surgery, 574 
in gnathic procedures. 1 20 
of the hand, 445 
for joint motion enhancement. 575 
K leinert traction, 570 
for mandibular fracture reduction, 1 38- 1 39 
after mctacarpophalangeal implant arthroplasty. 57 1 -572 
as nerve decompression syndrome rreatment. 532, 563. 

. 572, 573 

Sporotrichosis, 5 1 2  
Squamous cell carcinoma, 50-5 1 

axi l lary, 565 
of the car, 2 1  I 
of the hand, 563 
of the head and neck. 1 77 .  1 79-1 80. 2 1 6  
o f  the lower lip. 2 1 3  
metastatic, 1 82, 564 
of the oral cavity. 2 1 6  
oropharyngeal, 1 79- 1 80 
of the skull base, 1 1 1  

Stainless steel, as alloplastic implant material, 25 
Stairstep deformity. 303 
Stapeclius muscle, innervation of. 229 
Stapedius reflex test, 232 
Staphylococcus a11re11s infections. 253. 30 I . 507 
Steatoblcpharon, 277 
Stein. Gertrude. 3 1  
Stener's lesion, 477 
Stenstrom technique. 307 
Sternal cleft, 339 
Stcrnotomy, median. 337-338 
Sternum, stabilization of, 337 
Sternum turnover procedure, for pectus excavatum 

reconstruction, 340 
Steroids, effect on wound healing. 3, 29 
Stickler's syndrome, 67 
Strabismus, postoperative, 96 
Streptococcal infections, 30, 253. 30 I .  506. 5 1 2  
Stretch marks (striae distensae), 3 .  8 
Sturge-Weber syndrome, 5-+. 55-56 
Subclavian perivascular blocks. 462. 464--165 
Subcondylar fractures. 1 32 .  1 70 
Subrncntal approach, in chin implant placement, 334 
Subperiosteal approach. in nasolabial fold surgery. 290 
Substitution maneuvers, 592 
Subungual lesions. 500-50 I ,  564 
Succinylcholine, use in burn victims. 1 8  
Superficial fascia! system, 3 1 2  
Superficialis tendon, in pal mar incisions, 450 
Superficial musculoaponcurotic system 

dissection of, for malar fat pad elevation, 289 
relationship 10 the facial nerve. 229. 230 
relationship to the zygomaticus muscle. 290 

Superlicial musculoaponcurotic system rhytidectomy. 29 1 .  
292, 293-294. 297. 3 0  I 

Superficial ulnar artery trap. 423 
··superglue·· (cyanoacrylate). 27-28 
Superimposition. ccphalometric. 85 
Superior cpigastric artery. 34 1 
Superior orbital fissure syndrome. I 54 
Superior orbital space. tumors of. I 1 3  
Supinator syndrome, 528 
Supraorbital nerve 

blocks of, 1 4  
exit from skull, 1 4  
in forehead l i fts. 33 1 

Supratarsal fold, 20 1 -202. 28 1 
Supratip fullness. 303 
Supratrochlear nerve 

blocks of. 1 4  
in forehead l i fts. 33 1 

Surgery, fasting prior to. 1 5  
Surgical treatment objective. cephalometric. 85 
Suture marks. permanent appearance of. 7-8 
Suture materials, classificarion of. 7 
Su1urcs 

absorbable, 7 
conchomastoidal. 307 
con1inuous over-and-over. 7 
cranial, 86, 87, 97 
Dexon, 24 



Su1ures (cont.) 

for nexor tendon repair, 485, 486. 487, 488, 489-490 

intradcnnal. 3. 6 

for lip rcconstruc1ion. 2 1 3  

mattress. 6 .  7 

Mus1arde. 307-308 

nonabsorbable. 7 

nylon. 3 

running. 7 

simple in1errup1ed, 6 

subcuticular. 6 

Vieryl, 24 

effect on wound healing. 3 

Suturing techniques 
for lip reconstruction. 2 1 2  

for skin wounds, 6-8 

Swan-neck deformily. 454, 455-456, 539 

Sweat glands 
carcinoma or. 566 

effect on skin grafls. 408 

Swimmers, wound infections in .  5 1  I 
Symblepharon, 205 

Symbrachydactyly, 550 

Sympatheclomy, 569 

Sympathetically-independent pain syndromes. 567-568 

Sympathe1ically-main1ained pain syndromes, 566. 567-568 

Sympathetic nervous system. functional anatomy of. 566 

Symphalangism. 549-550 

Symphyseal fraclures, 1 68 

Synchondrosis, congenital carpal. 62 1-622 

Syndac1yly. 545-547 

Syndrome. defini1ion of. 96 

Syndrome synostosis, 87 

Synostoses 
metopic, 90. 97 

saginal. 58. 59. 87. 99 

u n i lateral lamboidal. 97 

Synovi1is. 460. 461  

of 1h e  scaphoid. 586-587 

'"wet lea1her" sign of, 5 91  

Synpolydac1yly. 548 

Tai lor-tacking, 250 

Tamoxifen. 253. 264 

Tannie acid. use in wnoo removal. 326 

Tar. removal from injured body parts. 39 1 

Tarsal IUnnel. decompression of. 532 

Tarsal tunnel syndrome. 355-356. 528, 529 

Tarsus. vertical dimension of. 200 

Tauoos, 324-329 

eyelid l iner, 286, 325. 329 

intradermal,  in n ipple-areola reconstruction. 260. 26 1 .  262 

1rauma1ic, 325. 328 

Tear lilm. 206 

Tears. 1 73. 206, 286 

Tear trough deformity, 285 

Teeth. See Dentition 
Telangiectasia, hcrcdiiary hemorrhagic. 55-56 

Telecanthus. 1 55 .  206 

"Telephone ear·· dcformi1y. 308 

Telorbitism, 98 

Temporal bone. fraclures of, 1 33. 1 36 

Temporalis muscles, paralysis of. I 08 

Temporornandibular joint 
ankylosis of, 225 

dysf unc1io11 of, onhognathic surgery for. 1 22- 1 23 

mandibular condyle posi1ioning within.  1 1 8 

normal motion of, 1 22 

Tendinitis. llexor carpi radial is. 455. 592 

Tendon sheath irrigation. for acute flexor tenosynovi1is. 509 

Tendon 1ransfers, 493-499 

muscle activation following. 574 

I ndex 

Tennison-Ranclall rne1hod. of  clef! l ip repair. 6 1  

Tenolysis, 489 

Tenon's capsule, 149 

Tenosynovectomy. extensor, 538 

Tcnosynovitis 
de Quervain "s. 530. 559-560. 59 1 

Finkelstci n"s sign for, 455, 530, 5 9 1  

lirsl dorsal compartmenl. 56 1-562 

flexor. 509 

stenosing. 559-562 
third dorsal companment. 562 

Tensilon 1esl. 204 
Tensor foscia lata muscle 

arterial supply of. 430 

use as flap. 346 
Tensor veli palatini muscles, in  clcfl palate. 72 

Teraloma. 94 

Tessier. Paul. 58. I 0 I 

643 

Tessier classilica1ion system, of craniofacial clefls. 99, I 0 I 
Testoslcronc. 264. 376 

"J�excision abdominoplasty. 3 1 3  

Thenar space. 5 1 0-5 1 I 
Theophyllinc. as gynccomastia cause. 263 

Thigh, common coverage melhods f'or. 353 

Thigh l i fts. medial. 1 37 

Thoracic outlc1. anatomy of, 536 

Thoracic oullct syndrome. 528, 536. 573 

Thoracodorsal nerve 
analomy of. 534 

in ax i l lary lymph node disseclion. 252-253 

Thoracodorsal pedicle, in  Ja1issimus dorsi llaps. 257 

Thumb 
adduction restoration in, 494 

arthrodesis in.  540. 541 

bila1eral nexion deformity or,  55 1 

duplications of, 547-549 

ex1ensor zones of. 49 J 
fusion of. in rheuma1oid anhritis, 539 

gamekeeper"s. 477 

hypoplastic. 5 1 7-5 1 8. 552 

reconstruc1ion or, 438. 503, 5 1 6-518, 554 

in thcnar space infections. 5 1 0-5 1 I 
trigger deformity of. 55 1 

Thumb-in-palm deformity. 496 

Thyroglossal duel. cyst of. 1 62 

Thyroid gland 
cancer of. 1 83- 1 84 

nodules of. 1 83 
Tibia 

open rracturcs of. 3 1  

proximal. soft tissue coverage for. 353 

TILT (lriquetral pain disorder), 590 

Tinel"s sign. 233. 356. 525. 529. 530 

Tip-columellar angle. 302 

Tissue expansion. l 9-23 

in abdominal wall reconstruction. 347 

in breast reconstruction. 255. 256 

in burn scar revision. 406 

in ear recons1 ruc1ion. 209 

in hand recons1ruction. 483 

at home. 22-23 

in nasal reconstruction. 1 98 

in scalp rccons1ruction, 228 

Titanium. as altoplastic implant material. 25 

Toes. as free tissue transfers. in thumb reconstruction. 438, 

503. 5 1 6. 5 1 8  

Tongue 
cancer of, 1 78-1 79. 2 1 6  

lymphatic drainage of. 1 7 7  

reconstruction of. 2 1 6. 220 

Torticollis. 89 

'"Tower skul l: ·  88 
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Trabccular ( Merkel cell) carcinoma. 48 

Traction injury, to the brachia! plexus. 535 

Transforming growth factor-�, role in wound healing, 2. 5, 

35-36 

Transverse abdominis muscle, origins and insenions of, 34 1 

Transverse retinacular ligament of Landsmeer. 449 

Trapezium bone. fractures of, 598 

Trapezius muscle. use as nap. 35 1 -352 

Trapezoid bone, fractures of. 598 

Trauma 
as contracture cause. 557 

nail changes associated wilh, 500 

Trencher Collins syndrome. 99. 1 04. 1 05.  209 

Trenchfoot, 395 

Treponema pa/lidum infections. 326 

Triad syndrome. 343 

Triangular ribrocartibge complex, 589 

anatomy of, 582, 6 1 4  

injuries to. 6 1 2. 6 1 3. 6 1 4-6 1 5  

Triangular space, 350. 424, 435 

Trichiasis. 205 

Trichloroacetic acid 
as burn cause, 39 1 

as chemical peeling agent. 3 1 8-3 1 9 ,  320 

Trigeminal nerve 
facial fracture-related numbness of, 1 30- 1 3 1  

a s  muscles o r  mastication innervation. 1 74 

origin site of, 229 

Trigger fingers, 55 1 .  557, 559-56 1 

Trigonocephaly, 58. 59. 97. 98 

Triquetrum bone, 6 1 3  

anatomy of, 6 1 4  

fractures of, 598 

Trismus. 14. 1 57 

Trisomies. cleft palate associated with. 67 

Trochlear nerve. 1 49 

Trunk, posterior, reconstruction of. 348-352 
D-Tubocurarine. 1 5. 1 8  

Tumors. 562-566 

of the hand, 562-566 
as leg ulcer cause, 359 

staging of. 564 

Turricephaly. 88 

Two-point-discrimination test, 45 1 

U lcers 
aphthous. 2 1 5  

decubillls, 5 ,  1 6  

diabetic. o f  the foot. 4 ,  355, 363-365 

of the leg, 359-367 
malignam melanoma-related, 40 

Marjol i n  ·s, 50 

sickle cell. 30. 366-367 

stress. in burn patients. 40 I 
Ulna. anatomy or. 6 1 7  

Ulnar artery, isolated injuries to, S 1 5  

Ulnar claw hand, 562-563 

Ulnar deviation deformity, 457-458 

Ulnar impaction syndrome. 6 1 2  

Ulnar mutilation injuries, 5 2 1  

Ulnar nerve 
anatomy of, 534 

compression of. 529. 530 

decompression of, at the elbow, 532 

as dorsal interosseous muscle innervation, 446 

injuries to, 573 

palsy of, 45 1-452. 494-495 

in thumb interphalangcal joint extension, 446 

Ulnar nerve block, 465 

Ulnar snuffbox, 589 

Ulnar variance, 580, 6 1 4  

i n  Kienbi:ick ' s  disease, 604, 606. 607, 608 

I ndex 

Ulnar variance (com.) 

effect on rcvascularization. 606 

in scaphoicl fractures. 599 

Ulnar wrist pain, 589-590 

Ulnocarpal joint. force transmission through. 578 

Ultrasonography 
for hcmangioma evaluation. 52 

prenatal. 55 

for tendon evaluation. 460 
for vascular malformation evaluation, 5:2 

Ultrasound-assisted liposuction. 243. 245. 3 1 6. 3 1 7  

Ultraviolet radiat ion. as skin cancer risk factor. 38, 39. 45-46, 

47 

Umbilicus, in abdominoplasty. 3 1 4  

Unna boot. 362 

Upper extremity. See also Fingers: Hanel 
venous anatomy or. 478 

Upper limb tension tests, 574 

Upper motor neuron lesions. 232 

Urethra. reconstruction of. 378 

Urethral stricture disease. 378 

Urticaria. cold. 396 

Uvula. bifid. 67 

Vagina. construction of, 379 

Valacyclovir. 32 1 .  324 

Van cler Woucle's syndrome. 98 

Varicose veins. 330. 36 1 

Vascular disease, as leg ulcer cause. 359 

Vascular malformations. 52-55 
differentiated from hemangiomas. 55 1 -552 

Vasculitis, as leg ulcer cause. 360 

Vastus lateral is muscle. blood supply of. 370, 430 

Vclocardiof'acial syndrome. 67 

Velopharyngcal closure. 68 

Vclopharyngeal incompetence. 7 1  

Veloplasty, intravelar. 68 

Vcnogram, 3 6 1  

Venous insufficiency. 5 1 4 

Vermilion border. 2 1  I 
lesion management adjacent to. 2 1 2  

i n  surgical reconstruction. 1 89 

talloo enhancement of'. 328-329 

Verrucous carcinoma, 2 1 6  

\librio v11/11ijic11s, 5 1 1  

Vicryl. as suture 111a1erial. 7 

Vicryl mesh, use in abdominal wall rec nstruction, 345 

Virchow's law, 87 

Visccrocranium. 87 

Viscoelastic deformation. tissue exp•msion-relatccl, 2 1  

VISI  (volar intercalated segmental instability) deformity. 
6 1 1 

Vitallium, as alloplastic implant material. 25 

Vitamin A, effec1 on wound healing. 4 

Vitamin C deficiency, effect on wound healing. 29 

Vitamin deficiencies, 3. 6 1  

Vitamin supplementation, for burn patients. 400 

Vitiligo. 329. 4 1 4  

Volvulus, intestinal. 343 

Vomiting, during anesthesia induction. 1 6  

Von Langenbeck oper:uion, for cleft l i p/pala1e repair. 63, 70 

V-Y advancement technique. 1 1 - 1 2. 63 

Wallcrian degeneration, 525 

Wardill-Kilner-Veua operation. 70-71 

Wardil l-Kilner V-Y method, of clel't l ip repair. 63 

Wartcnberg's sign. 45 1-452 

Watson's test. 61 I 
Weber-Christian disease. as leg ulcer cause, 360 

Web spaces, 546. 553 

Wedge resections, 2 1 3, 284 

Werner's syndrome. 273 



Wei lea1her sign. 59 1 
Whirlpool 1rea1men1. 575 
Whi1low. herpelic. 507-508 
Whitnall's ligament. 285 
Wiring. intcrosscous. of mandibular fractures. 1 67 
Wi1ch·s chin defonni1y. 1 2 1  
Wound(s) 

chronic. 4 
closure and repair of. 29 

of contaminated wounds. 32 
surgical. 6 
techniques and geometry or. 6-13 

contaminated, 3 1 -33 
with river or sea water. 5 1  I 

con1rac1ion or. 4. 35 
feial. 34-36 
healing of, 2-5 
pos1cardio10111y i n fcc1ions of. 337 
problc111a1ic. 29-33 
traumatic. 30-3 1 

abdominal. 342. 344 
W-plas1y, I I , 1 87. 2 1 3. 406 
Wrinkle l ines, 8 
Wrinkles, 268 
Wrist 

ana1omy or. 578-584 
anhrodesis of. 6 1 6-624 
cenler of ro1a1ion of. 582 
dorsal exlensor co111panmen1s of. 447. 448 
pain in 

cxtraarticular causes of. 591 -592 
ul nar. 613-616 

physical examination of. 585-593 
radiographic examina1ion of. 593-598 
range of motion of. 585. 6 1 6  
rheumatoid anhritis of. 538 
scaphoid fracture-related ins1abili1y or. 600-60 1 

I ndex 645 

Wrisl (co111 . )  
SLAC (scapholunale advanced collapse). 6 1 9-62 1 .  622. 

623. 624 
spaghetti, 447 

Wris1 nexion/ulnar devia1ion. cerebral palsy-related. 496 
Wrisl nerve blocks. 465 
Wyburn-Mason syndrome. 55-56 

Xanthclasma. 27 1 
XenograflS. 385. 408. 4 1 2  
Xerodcrma pigmcntosum. 46 

Z-plasty, 1 0- 1 1 
for burn scar revision. 406 
Furlow double. 70. 7 1  
gain i n  length of. 1 8 7  
for l ip reconstruc1ion. 2 1 3. 2 1 4  
for web space release. 546 

Zyderm. 25 
Zygoma 

alloplastic impla111s in. 333, 334 
anatomy of. 1 56 
articulation of. 1 63 
fraclllres of. 1 30- 1 3 1 .  1 34. 156-160 

in children. 1 36 
complex. 1 50. 1 53. 1 56- 1 57 
depressed, 1 36 
displaced. 1 63 

Zygomatic arch. fractures of. 1 59 
Zygomaticofronlal region. 1 56 
Zygomaticoorbital fractures. 1 50 
Zygomatic os1eocuwncous ligament. 269 
Zygoma1icus muscle 

in  malar fm pad resuspension. 289 
relationship to superficial 111usculoaponeuro1ic system. 

290 
Zyplasl. 25 
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