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PREFACE

There is no such thing as a stupid question. Socrates knew this more than two thousand years
ago when the interrogative (Socratic) 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 Sushruta in 600 BC, while 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 120 chapters that comprise this volume, many of whom
have literally 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 field of plastic surgery by necessity presents
countless opportunities for collaboration 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 allied fields. It is intended to provoke thought and stimulate further inquiry
and represents a distillation of the important concepts and pearls that form the foundation of that al-
luring discipline of medicine known as plastic surgery.

Jeffrey Weinzweig, M.D.
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FOREWORD

One o fthe proudest traditions of surgery has been the passing of knowledge from one genera-
tion to another—what we have come to define as surgical education. Yet, this tradition has taken
many forms and has undergone continued evolution.

[n ancient times, 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 manuscripts of the Middle
Ages and the later dissemination of books, the latter resulting from the discovery of the printing
press by Johann Gutenberg in 1440.

The modern age greatly facilitated the dissemination of surgical knowledge. Improvements in
travel allowed surgeons to move from country to country. continent to continent in pursuit of new
surgical techniques. Individual master surgeons could then draw surgeons from around the world to
their operating clinics. The discovery of the photographic process permitted the accurate printing of
images in books and eventually led to discovery of the projected slide—hence, Sir Harold Gillies’
famous quip that the greatest advance in plastic surgery in his lifetime was “the discovery of the
Kodachrome slide.”

In this century. each advance in telecommunications was followed by another: radio allowed the
first simultaneous national and international surgical conferences; motion picture film was capably
exploited by the American College of Surgeons as a means of teaching technical surgery to large
numbers of surgeons; television allowed closed circuit meetings, which could be viewed simultane-
ously around the world by satellite; and the computer provided multimedia capabilities.

As we approach the new millennium, we have come to realize that the problem is no longer the
acquisition of surgical knowledge but the personal processing or integration of an overwhelming
mass of surgical data that increases daily 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 philoso-
pher. His educational method, called DIALECTIC, is derived from the Greek word meaning to
“converse.”

In this text, Plastic Surgery Secrets, nearly 200 authors, under the able direction 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 intellectual interchange. And one
must also not forget that it is the questions without answers that push the discipline forward as the
questioner becomes determined to find the answers. This is the true beauty of our plastic surgical
heritage.

“There is only one good. knowledge. and one evil, ignorance.”
Socrates c. 470-399 B.C.

JOSEPH G. McCARTHY,MD

Lawrence D. Bell Professor of Plastic Surgery
Director, Institute of Reconstructive Plastic Surgery
New York University Medical Center

New York, New York
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1. THE PRINCIPLES OF WOUND HEALING
John W . Tyrone, M.D., and Thomas A. Mustoe, M.D., F.A.C.S.

1. What events occur during each of the primary phases of wound healing?

Wound healing has three principal phases: inflammatory, proliferative. and remodeling. The in-
flammatory phase begins at the time of wounding and lasts for 2448 hours. Platelets forming the
initial thrombus release growth factors that are chemoattractant for macrophages and neutrophils.
These cells cooperate to remove necrotic tissue, debris, and bacteria from the wound. By day 3,
transforming growth factor beta (TGF-p) released from macrophages has attracted fibroblasts into
the wound, signaling the start of the proliferative phase. Fibroblasts produce collagen and lay down
extracellular 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 | year,
begins when remodeling of collagen reaches equilibrium, usually 2-3 weeks after wounding. All
stages may vary in length because of infection, malnutrition, or other exogenous factors.

2. What role do macrophages play in wound healing?

During the inflammatory phase of wound healing, polymorphonuclear cells (PMNs) and
macrophages infiltrate the wound. Macrophages play a critical role in removing debris and bacteria
(along with PMN5s) 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 amplify 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 collagen that
1s 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 collagen is compacted into fibers and is
many times stronger than random collagen fibrils. The organization and strength of the new collagen
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 tensile strength is relatively low in the first few weeks after wounding but increases lin-
early after 3—4 weeks. By 6 weeks, the wound has gained about 50% of its ultimate strength and is
strong enough to tolerate moderate forces. However, in elderly patients it may be prudent to wait
longerbecause gains in tensile strength 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 dermis (approximately 90%). Type
I1 collagen is the collagen actively secreted by fibroblasts during the early stages of wound healing
and may account for up to 30% of the collagen in a healing wound. By week 2 of the wound-healing
process, type I collagen again becomes the principal collagen produced by fibroblasts. During remod-
eling, type 11 collagen is replaced by type I collagen to restore the normal dermal collagen profile.

7. What is the wound-healing defect in Ehlers-Danlos syndromes (EDS)?
Ehlers-Danlos syndromes are a heterogeneous group of connective tissue disorders characterized
by hypermobile joints, hyperextensible skin, and generalized fragility of connective tissues. They are
associated with defects in the synthesis, cross-linking, or structure of collagen. The collagen defect in
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patients with EDS causes a decrease in wound strength and delay in wound healing. Patients 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 epithelialized to removed dried, crusted blood can reduce bacte-
rial proliferation and prevent a potential delay in healing. For example, in a facial laceration, the
benefits of washing and removing dried blood far outweigh any risks to the wound. However, in
areas such as the lower extremity in elderly patients, epithelialization may not be complete for much
longer. If a foreign material such as a prosthetic joint is beneath the incision, it may be desirable to
keep itdry for much longer to prevent potential contamination of the prosthesis.

9. What effect does radiation have on wound healing?

Radiation causes endothelial cell, capillary, and arteriole damage, which results in progressive
and cumulative loss of blood vessels in the affected area. Perfusion to the radiated tissues may be af-
fected, leading to delayed healing. Radiated fibroblasts show decreased proliferation and collagen
synthesis, leading to diminished deposition of extracellular matrix. Lymphatics likewise may be
damaged, causing edema and poor clearance of infection in the healing tissues.

10. Are PMN:s essential for strengthening wounds?
PMNs digest bacteria but play no role in strengthening the wound. Unlike macrophages, PMNs
are not a source of growth factors in a healing wound.

11. What factors commonly impair wound healing?

Although many factors influence wound healing in surgical patients, the most important are nu-
tritional deficiencies (albumin < 2.5 gm/dl), vitamin deficiencies (unusual), aging, subclinical
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 collagen fibers, but
the epidermis remains intact. The dermis forms a scar that is visible through 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 healing, the strength of a wound is only a small fraction of its eventual strength. Sutures
removed or degraded before this time have little effect on wound spreading. Polyglactic acid suture
retains strength for 3 weeks, at which time the wound is still relatively weak. The results are similar
to removing a nylon suture from the wound in 1 week. Leaving a permanent intradermal suture in
place for several months has been shown to decrease spreading, and it 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 following injury to the deeper layer of the skin, the dermis. Injuries to the superficial
(reticular) dermis and epidermis can heal without scarring, but if wound closure is delayed or deeper
layers are injured, scarring results. Therefore, superficial skin lesions such as actinic/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 high inci-
dence of hypertrophic scarring. Scarring is believed to be secondary to prolonged inflammation and
can be minimized 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 capillary and re-
ceives oxygen and nutrients by diffusion. Edema impairs wound healing through several mecha-
nisms. First, the additional extracellular water increases diffusion distances, resulting in lower tissue
pO,. Second, chronic edema may result in protein deposition in the extracellular matrix, which can
act as a diffusion barrier for growth factors and nutrients, making them less available to cells.
Finally, growth factors and nutrients are relatively diluted in the edematous fluid.

17. You perform a split-thickness skin graft (12/1000ths of an inch) for burnsin 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. Cells of aged
individuals have been shown to be ineffective at forming new hemidesmosomes. Without an ade-
quate dermal base. coverage of the wound by epidermis is unstable and characterized by chronic and
recurrent breakdown. The skin of elderly patients is therefore less tolerant to shearing forces. When
shearing occurs, blisters are likely to form.

18. What is the mechanism of wound contraction?

Human wounds heal by wound contraction, reepithelialization. and scarring. As an integral part of
wound healing, myofibroblasts orient themselves along lines of tension and pull collagen 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 (if across a joint) and/or cosmetic deformities.

19. Does any medical supplement, dressing, or drug accelerate wound healing?

The Food and Drug Administration (FDA) has approved several moist dressings for topical
wound care, but no convincing evidence indicates that they improve wound healing compared with
standard treatments. Vitamin A has been used to return healing time to normal in patients that use
steroids. Dietary replacement in persons with a dietary deficiency normalizes wound healing.
Recently, the FDA considered platelet-derived growth factor (PDGF) for use in diabetic ulcers be-
cause in clinical trials healing was reported in an increased percentage of wounds treated with PDGF.

20. Define wound infection.

It is the product of the entrance, growth, metabolic activities. and resultant pathophysiologic ef-
fects of microorganisms in the tissues. A wound with bacterial counts greater than 10° organisms per
gram of tissue is considered infected and unlikely to heal without further treatment.

21. What effect does aging have on wound healing?

Aged patients have slower wound healing, less scarring, less contraction. decreased breaking
strength, decreased epithelialization, delayed cell migration, and decreased collagen synthesis.
Aging can be an advantage in performing cosmetic surgery because scarring can be minimized. It
also can be a disadvantage because wound strength is lower, and a wound may easily be separated if
placed under tension.

22. What factors are responsible for local wound ischemia?
Smoking, radiation. edema, diabetes, and peripheral occlusive disease can aftect the perfusion
and oxygenation of a wound and cause local wound ischemia.

23. What is a chronic wound?

Chronic wounds are those thatfail to close in 3 months, and they fall into three broad categories:
diabetic ulcers, pressure ulcers, and ulcers secondary to venous hypertension. With meticulous
wound care, most chronic wounds will close without surgical intervention.

24. When doescollagen production in a healing wound peak?

It peaks by 6 weeks, whereas the maximal amount of collagen accumulation occurs 2-3 weeks
after wounding. Although no net increase in collagen occurs after this point secondary to remodel-
ing, collagen synthesis and degradation continue at elevated rates for up to 1 year after wounding.
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25. What are the benefits of occlusive dressings?

Occlusive dressings (e.g., polyurethane) maintain a moist environment that promotes rapid re-
epithelialization and more effective wound healing than when the wound is allowed to dry out.
“Epithelialization under a scab does not occur as quickly as it 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 believed to be due to an excessive inflammatory response during
healing. Proven treatment options include intralesional injection of steroids, radiation therapy, or
surgical resection combined with another treatment. More recently. interferon has shown some ben-
efits in reducing scarring. Other therapies, including tamoxifen, 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 usually 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 conditions are remarkable for overproduction of all components of the extracellular
matrix, but absolute numbers of fibroblasts are not increased.

28. What roles do the growth factors PDGF and TGF-@ play in wound healing?

PDGEF is released by platelets during formation of the initial thrombus. It is chemoattractant for
macrophages, which are responsible for orchestrating the events of healing. TGF- is secreted by
macrophages, is chemoattractant for fibroblasts, and stimulates formation of extracellular matrix by
fibroblasts.

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

Several options are available. Topical creams that break down necrotic tissue 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 collagenases, act by di-
rectly digesting the nonviable tissues.
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2. TECHNIQUES AND GEOMETRY
OF WOUND REPAIR

Jeffrey Weinzweig, M.D., and Norman Weinzweig, M.D.

1. What are important considerations in surgical wound closure?

Surgical wound closure is performed 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 result in delayed wound healing,
infection, or dehiscence. Selection of suture material should be based on the healing 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 is related to fibrin clot,
which fills the wound cavity. At | week, tensile strength is less than 5% of unwounded skin; it is
10% at 2 weeks, 25% at 4 weeks, 40% at 6 weeks, and 80% at 810 weeks.

3. What percentage of normal unwounded tensile strength do wounds ultimately achieve?
Classic studies by Levenson et al. in 1965, 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 layer. Absorbable sutures placed in the dermis, such as poliglecaprone 25
(Monocryl), polyglactin 910 (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 without
tension. If simple stitches 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. It is important to place 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 placed so that the needle enters and exits the tissue at 90°,
grasping identical amounts of tissue on each side to permit exact approximation of the wound mar-
gins. Of course, this principle applies only when the skin edges line up at exactly the same level.
Occasionally, one side of the wound is higher and the other lower. To approximate the edges at the
same level, it is necessary to grasp the tissue “high in the high” (closer to the epidermis) and “low in
the low” (farther from the epidermis).

Vertical and horizontal mattress sutures are especially useful for everting stubborn wound
edges. However, horizontal mattress sutures cause more ischemia than either simple 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 place for 2—3 weeks. Prolene is of ten used because it produces little inflammatory 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 different textures or thicknesses. This
stitch usually prevents necrosis of the tip of the V, which is sometimes seen with simple interrupted
sutures. By placing the buried portion of the suture within the dermis of the flap, ischemia and
damage to the overlying skin are avoided.

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

7. What is the role of immobilization in wound healing?
Immobilization of the wound is as important in soft tissue healing as it is in bone healing. By
immobilizing the wound, tension across the skin edges is eliminated, yielding a more favorable scar.
Immobilization 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 time until absorption
occurs, extent of tissue reaction, and tensile strength.

9. What are the differences among the various absorbable suture materials?

Catgut, derived from the submucosal layer of sheep intestine, evokes a moderate acute inflam-
matoryreaction and is hydrolyzed by proteolytic enzymes within 60 days. Tensile strength is rapidly
lost within 7-10 days. Chromization (chromic catgut suture) slightly prolongs these parameters
compared with plain gut. The main indications for use of catgut suture include ligation 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 similarly. They produce minimal tissue
reactivity and are completely absorbed within 90 days. Tensile strength is 60-75% at 2 weeks and
lost at I month. Both are useful as intradermal 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 monofilament), on the other hand, may be used comparably as intradermal 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, although little 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 similar qualities 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 minimal inflammatory
reaction, slide well, and can be easily removed, thus providing ideal running intradermal stitches.
Prolene appears to maintain its tensile strength longer than Nylon, which loses approximately 15-20%
per year. Nonabsorbable braided materials (Nurolon, Ethibond, and Silk) 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 similar strength up to 21 days, and
result in a similar final appearance when removed within | week postoperatively. Large wounds can
be closed faster and more expeditiously with staples, which are useful for procedures such as ab-
dominoplasty, reduction mammaplasty, and skin grafting.

11. What influences the permanent appearance of suture marks?
The key factors influencing scarring due to suture placement are (1) length of time that the
skin sutureremains in place: (2) tension on the wound edges: (3) region of the body: (4) presence of
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infection: and (5) tendency for hypertrophic scarring or keloid formation. 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 linear scar. Wound closure with a running dermal pull-out suture provides the optimal scar
without interfering with the development of tensile strength. The finestsutures for any given wound
should be used. The timing 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 18-14 days in the back and extremities.

12. What are Langer’s lines?

Elastic fibers within the dermis maintain the skin in a state of constant tension, as demonstrated
by the gaping of wounds created by incising the dermis or by the immediate contraction of skin
grafts as they are harvested. In 1861, Langer demonstrated that puncturing the skin of cadavers with
a rounded sharp object resulted in elliptical holes produced by the tension of the skin. He stated that
human skin was less distensible in the direction of the lines of tension than across them. Short-
comings of Langer’s lines are that (1) some tension lines were found to run across natural creases,
wrinkles, and flexion lines; (2) they exist in excised skin; and (3) they do not correlate with the di-
rection of dermal collagen fiber orientation. Nonetheless, Langer’s lines serve as a useful guide in
the planning and design of skin incisions and excisions.

13. What are RSTLs?

Relaxed skin tension lines (RSTLs), also known as wrinkle lines, natural skin lines, lines of
facial expression, or lines of minimal tension, lie perpendicular to the long axis of the underlying
facial muscles. They are accentuated by contraction of the facial muscles as with smiling, frowning,
grimacing, puckering the lips, or closing the eyes tightly. An example is the frontalis muscle, which
runs vertically straight up the forehead; RSTLs on the forehead run transversely or perpendicular to
the underlying frontalis muscle.

14. What is the optimal scar?

The optimal scar is a fine, flat, concealed linear scar lying within or parallel to a skin wrinkle
or natural skin line, 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?

Significant stretch may result in disruption of the dermis with loss of continuity of the elastic
fibers. Once this occurs, elastic recoil and skin tension in the involved area are lost—the result is a
stretch mark.

16. Which excisional methods can be used for removal of skin lesions?

Skin lesions may be removed by elliptical, wedge, or circular excisions. Most skin lesions are
removed by simple elliptical excision with the long axis of the ellipse on, or paralleling, a wrin-
kle, contour line, or RSTL. The ellipse may be lenticular in shape with angular edges or have
rounded edges. Ideally, the long axis should be four times longer than the short axis. Wedge exci-
sions are performed primarily for lesions on the free margins of the ears. lips. eyelids, or nostrils.
Lip lesions can be excised as either triangular or pentagonal wedges. Pentagonal rather than trian-
gular excision often leads to less contracture and shortening along the longitudinal axis of the in-
cision with a more favorable scar. Closure of circular defects can be performed by either a skin
graft or a local flap.

17. What is the purpose of serial excisions?

Large lesions. such as giant nevi, can be removed by serial excisions. This approach takes ad-
vantage of the viscoelastic properties of skin and the creep and stress-relaxation phenomenon. It has
been especially useful for improvement of male-pattern baldness by excision of non—hair-bearing
areas of the scalp. However, with the introduction of soft tissue expansion. the technique of serial ex-
cision has become less popular.
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18. What are the differences among rotation, transposition, and interpolation flaps?

Each of these flaps has a specific pivot point and an arc through which the flap is rotated. The
line 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, consisting of skin and subcutaneous tissue that
rotates about a pivot point into an immediately adjacent defect. The flap donor site 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 tension. Because a skin flap rotated about a
pivot point becomes shorter in length the farther it is rotated, the transposition flap is usually de-
signed to extend beyond the defect; a sufficient flap design is verified with a cloth template. An
interpolation flap, although similar in design to the rotation and transposition 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.

180°

A skin [lap rotated about a pivot point becomes shorter in cffective length the larther it is rotated. Therefore, a
flap should be designed to extend beyond the defect. (From Place MJ. Herber SC, Hardesty RA: Basic tech-
niques and principles in plastic surgery. In Aston SJ, Beasley RW, Thorne CHM (eds): Grabb and Smith’s Plastic
Surgery, Sth ed. Philadelphia. Lippincott-Raven, 1997, p 22, with permission.)

19. What is a bilobed flap?

A bilobed flap is a transposition 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, usually half
the diameter of the primary flap, is used to close the donor site.
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Bilobed flap. Aflter excision of the lesion, the primary flap (P) is transposed into the resultant del'ect. The sec-
ondary (lap (S) is then transposed to close the donor site def'ect. (From Place MJ, Herber SC, Hardesty RA: Basic
techniques and principles in plastic surgery. In Aston SJ, Beasley RW, Thorne CHM (eds): Grabb and Smith’s
Plastic Surgery, Sth ed. Philadelphia, Lippincott-Raven, 1997, p 23, with permission.)

-

20. What is a ““dog ear”? How can it be eliminated?

In excising a lesion in elliptical fashion, the long axis should be four times the length of the
short axis. Dog ears form at the ends of a closed wound when either the ellipse is made too short or
one side of the ellipse is longer than the other. Dog ears may flatten over time, but primary correc-
tion is best. If the elliptical excision is too short, one can lengthen the ellipse to include the excessive
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tissue or excise the redundant tissue as two small triangles. I f one side of the incision 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
ellipse with removal of the redundant tissue.

21. 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 gainin 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 limb of the Z (useful in the management of facial scars).

23. How is a Z-plasty designed?

A Z-plasty consists of a central limb, usually placed along the scar or line of contracture, and
two limbs positioned to resemble a Z or reverse Z. The limbs must be equal in length to permit the
skin flaps to fit together after transposition. The angles of the Z vary from 30-90°. The central limb,
oriented along the line of contracture, is usually under considerable tension. Afterrelease or division
of this contracture, the shape of the parallelogram immediately changes with spontaneous flap trans-
position and lengthening along the line of the central limb. 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 limbs of the Z-plasty should follow the RSTLs.

A

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, 1994, 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 limb 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 100% increase; and a 90° angle, a 120% 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 slightly less than the theoretical increase.

25. What is the optimal angle for Z-plasty design?

60°. Angles significantly less than 60° do not achieve suflicient lengthening, defeating the pur-
pose of the Z-plasty and resulting 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 similar degree of lengthening can be produced by a single Z-plasty and multiple Z-plasties,
because the total length of the central limbs of multiple Z-plasties can equal the length of the single
Z-plasty. Multiple Z-plasties, however, produce less transverse shortening. Lateral tension is reduced
and more equally distributed over the entire length of the central limbs. Multiple 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 axillary
contractures. A 90°/90° angle or 120°/120° 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 (124 %) 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 particularly useful for releasing contractures of concave regions of the body. such as
the dorsum of the interdigital web spaces and the medial canthal region. The central flap is ad-
vanced in Y-V fashion while the flaps of the two Z-plasties on each side of the central flap are
transposed.

C60° »
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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, 1991, p 76, with permission.)

29. What is a W-plasty?

A W-plasty is another technique for reorienting the direction of a linear scar. Triangles of equal
size are outlined on either side of the scar with the tip of the triangle on one side placed at the mid-
point of the base of the triangle on the opposite side. At the ends of the scar, the excised triangles
should be smaller, with the limbs of the W tapered. The tips of the triangles should be sutured with
three-corner stitches to prevent necrosis of the flap tips.

30. What is the main disadvantage of a W-plasty?

A W-plasty does not lengthen a contracted linear 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 allows forward advancement of a triangular flap (V) without
rotation or lateral movement and closure of the resulting defect in a’Y tashion. The skin that is actu-
ally advanced is on either side of the V.
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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. In Cohen M (ed): Mastery
of Plastic and Reconstructive Surgery. Boston, Little, Brown, 1994, p 26, with permission.)

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 lip, and closure of selected soft tissue defects. It also may be used in various other
skin and mucosal 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 equilateral parallelogram with (1) acute angles of 60° and obtuse
angles of 120°: (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 diago-
nal opposite either of the two 120° angles of the rhombus. The short diagonal is extended by a dis-
tance equal to its length. From this point, a line of equal length is drawn at 60° parallel to either side
of the rhombus. Four Limberg flaps are therefore possible for any given rhombic defect.

Rhombic flap. A. Flap design. B, Elevation of flap with wide undermining of the base to allow transposition. C, Suture
of the flap without tension. (From Weinzweig N, Weinzweig J: Basic principles and techniques in plastic surgery. In
Cohen M (ed): Mastery ol Plastic and Reconstructive Surgery. Boston, Little, Brown, 1994, p 26, with permission.)

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 elevated. Wide undermining beneath the base of the flap is necessary to
allow the flap to fall into position in the rhombic defect without tension. The initial sutures 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 differ from the
standard 60° and 120° angles in the Limberg flap. Although angles of 30° and 150° 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 differs from a rhombus in several important respects: (1) it 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 sides of the parallelo-
gram. Planning is more complex than for the Limberg flap. and it is often easier simply to convert
the defect into a rhombus with angles of 60° and 120°.

d

The Dufourmental flap. A and B, Flap design. C. Flap elevation and transposition. D. Resultant suture lines.
(From Jackson IT: Local Flaps in Head and Neck Reconstruction. St. Louis. Mosby. 1985. p 20, with permission.)
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3. ANESTHESIA
Brent V. Stromberg, M.D., F.A.C.S.

1. What is 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 (usually in a 1:100,000 concentra-
tion), which slows the absorption of Iidocaine due to local vasoconstriction, allows a maximal dose
of 7 mg/kg.

2. Which nerves exit the skull through foramina that lie in a sagittal plane?

The supraorbital, infraorbital, and mental nerves exit the skull along a straight line, approxi-
mately 2.5 cm from the midline of the face, that includes the pupil of the eye in a midgaze position.
The ability to identify these nerves by surface anatomy is crucial to performing successiul regional
blocks of the face. Aspiration prior to instillation 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 alarge lipoma?

Regional blocks of the supraorbital and supratrochlear nerves provide elfective anesthesia of the
forehead area. The supraorbital nerve (V) 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 rim to supply the medial
aspect of the forehead, upper eyelid, skin of the upper nose, and conjunctiva. A supraorbital nerve
block is performed by inserting the needle just under the midportion of the eyebrow while palpating
the foramen and in jecting 2—3 ml of 1% lidocaine with epinephrine. A supratrochlear 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 blocked by infiltration along a horizontal line 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 infraorbital nerve (V,), after emerging from the infraorbital foramen, divides into four
branches—the inferior palpebral, external nasal, internal nasal, and superior labial nerves. They
supply the lower eyelid and upper lip as well as the lateral portion of the nose and ala, cheek, and
mucous membranes lining the cheek and upper lip. Regional block of the infraorbital nerve is per-
formed by first palpating the infraorbital foramen or notch along the infraorbital rim, which should
lie below the midline of the pupil with the eye in a straight forward gaze. Instillation of 2—5 ml of
1% lidocaine 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 it exits the mental foramen. It can be pal-
pated just posterior to the first premolar tooth | cm below the gum line. Intraorally the needle can be
inserted 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 is withdrawn 1-2
mm, and 2-3 ml of lidocaine are injected. An additional 0.5-1.0 ml of lidocaine can be injected if
the foramen is located.

6. How can the masseter muscle be relaxed in cases of trismus?

A mandibular nerve (V,) block can be performed as the nerve exits the foramen ovale 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 instilled. This block
anesthetizes the buccal, auriculotemporal, lingual, inferior alveolar, and mental nerves, providing
adequate surgical anesthesia for the lower face, mandible, mandibular teeth to the midline, and ante-
rior two-thirds of the tongue for 60-90 minutes.
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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 5-10 ml of 1%
lidocaine with epinephrine along a line that begins at the nasolabial fold, continues just lateral to the
ala and along the base of the nasal sidewall, and finally 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 aregional block of the external ear be obtained before performing an otoplasty?
The external ear is supplied by the auriculotemporal nerve anteriorly and by the great auricular
and lesser occipital nerves posteriorly. A satistactory block can be achieved by infiltrating the anes-
thetic solution (usually 1% lidocaine with epinephrine) around the ear in a ringlike 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 pulse in-
creases. What is the most likely cause?

Sudden changes in the status of the patient are always a cause of concern. In this situation, the
most worrisome possibility is a pneumothorax. Intercostal 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 limits of safety. A smaller volume and
dosage are preferred. Fortunately, lidocaine toxicity usually passes quickly in a healthy patient because
the compound is metabolized rapidly in the liver. Medication with a barbiturate, often already adminis-
tered as a premedication. may be helpful. The usual treatment 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 ob jec-
tive merits. For adults, several studies have shown that solid 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-
lieve that if a large meal has been eaten the night before, 6 hours may not be enough. For infants.
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 high-risk patients, but it is not universally beneficial.

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

D-tubocurarine blocks muscle contraction by acting as a nondepolarizing agent. As such, it
blocks nerve transmission at the neuromuscular junction. It does not block direct muscle stimulation
by an electrical stimulus such as electrocautery. If complete cessation of muscle contraction is
needed. succinylcholine should be used because it depolarizes the muscle and keeps it depolarized.

12. Twenty-four hours after suction-assisted lipectomy 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 allergic reaction to a medication. However, it is a relatively
classic presentation for fat embolism. A fat embolism involves the blockage of small vessels by
small globules of fat. Most commonly seen after long bone fractures, it also may be seen in othercir-
cumstances, such as after liposuction. Two theories address the mechanism. A physiochemica\
change in the circulating lipids (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 often 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-
nition of a pattern of pulmonary, cerebral, and cutaneous manifestations. Emboli may appear in retinal
vessels. Other abnormalities may include a drop in hemoglobin and an EKG pattern of myocardial is-
chemia and right ventricular strain. Later lipuria may occur. Serum lipase 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 vigorous resuscitative measures,
splinting of any fractures, intensive pulmonary care, oxygen, positive end-expiratory pressure
(PEEP), intermittent positive pressure breathing, and consideration of digitalization. Corticosteroids
are usually recommended (approximately 100 mgevery 6 hours). Often low-dose heparin is given to
increase the lipase 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
if blood loss has been massive or the hematocrit is below 20% (hemoglobin less than 7 gm/100 ml).
Patients with sickle cell disease normally tolerate hemocrit levels of 25-30%.

During surgery the patient should be well-oxygenated. Inspired oxygen concentrations of
40-50% are adequate. Ideally the patient should be preoxygenated. In addition, the body tempera-
ture should be kept normal. Hypothermia may promote sickling. Many sources advise against the
use of tourniquets. However, tourniquets have been safely used without evidence of sickling or pre-
cipitation of a crisis. If the patient is well-hydrated and well-oxygenated. tourniquets are safe.
Postoperatively the same principles apply.

Sickle 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 lateral decubitus position, blood pools in the lower or dependent portion. Pooling
may be worsened if the patient is also paraplegic because autonomic regulation of the circulatory
system is less effective. In addition, the lateral position limits expansion of the lungs by limiting
chest movement. As the dependent lung is compressed, a ventilation/perfusion mismatch occurs.
causing increases in physiologic dead space and carbon dioxide retention. 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 tilted to a head-down position,
which allows residual gastriccontents 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 endotracheal suctioning 100%
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 is 2.5. A pH above 2.5 yields 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 sign of significant aspiration is hypoxia. If blood gas analysis shows any el-
ement of hypoxia, positive pressure ventilation 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 10-month-old child before cleft lip repair?
In the past. the policy was avoidance of oral ingestion for 8 hours. However., studies of younger
children 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 lidocaine 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, 10
mg/kg, is rarely exceeded because of the small volumes required. Usually a I-cc total of injection
solution is adequate.

17. 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 issucs in repair of the cleft palate. During
intubation 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. Significant 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 position with the patient’s head turned to one side and dependent is believed to be
optimal. This position is easily achieved by placing a small towel or blanket under the child’s hips.

18. A 10-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 malignant hyperthermia
occur in patients who have had previous uneventful anesthesia.

Malignant hyperthermia is a clinical syndrome characterized by accclerated metabolism, which
usually manifests as tachycardia, cyanosis. sweating. rigidity. blood pressure abnormalities. and an
increase in end-tidal CO,. 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 abnormalities.

If possible, anesthesia should be performed using barbiturate sedation and local anesthetics.
Both ester and amide local anesthetics are safe. All inhalation anesthetics, except nitrous oxide, are
considered unsafe. Curare and phenothiazines are controversial. Most other drugs are considered
safe, including antibiotics. propofol. barbiturates. opiates. antipyretics. and antihistamines.

I malignant hyperthermia is suspected during surgery, all anesthetics should be stopped and
100% oxygen should be administered. The patient should be hyperventilated, good access should be
obtained for monitoring of central venous pressure, and an arterial line should be inserted. Dantrolene
sodium should be administered at a dose of 2.5 mg/kg. This dose may be supplemented with [-mg
boluses to a total of 10 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 (15 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 approximately 3 days after the attack. In ad-
dition. the family and patient should be counseled about the event and its significance.

19. Why is sodium bicarbonate sometimes added to local anesthetics?

Local anesthetics are in a balanced solution between ionized and nonionized forms. The non-
ionized form goes into the nerve tissue more rapidly. Alkalinization of the solution changes the
concentration of the nonionized form and thereby increases the rapidity of onset and effective-
ness. Appropriate doses of sodium bicarbonate are I mEg/10 ml of lidocaine 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 in jury. 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 release of
potassium from muscle has been well documented in burn patients af ter administration of succinyl-
choline. An increased number of muscle receptor sites for acetylcholine has been documentea 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 % years after the
burn. For this reason, succinylcholine is not recommended as a muscle relaxer in bumn patients for up
to 2 years after injury. Nondepolarizing relaxants are recommended, such as D-tubocurarine, pan-
curonium, Atracurium, and Vecuronium. Even these agents show a variable response in burn pa-
tients. Although they are generally considered safe, patients may show variable degrees of
resistance. Monitoring with a nerve stimulator is important.

21. 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 view, in-
volves complex anesthetic concerns. The patient is metabolically unstable because of the severe
injury. Strict attention to fluid and electrolytes is required. A massive amount of fluids can be lost
not only through the burn itself but also through exposure of injured skin and the heating effect of
thedry air in the room. Underestimation of fluid loss is common. In addition, the possibility of sen-
sitivity to medications should be considered. In burn patients, one of the most common sensitivities
is transfusion reaction. Administration of blood intraoperatively is routine, but a hemolytic type re-
action may occur when incompatible blood is administered. Although rare because of high blood
bank standards, this problem still occurs. In awake patients signs include hypotension, fever. chills,
shortness of breath, and pain. However, under general anesthesia the only sign is unexplained hy-
potension. Documentation by showing free hemoglobin in the urine is helpful, but response to the
hypotension takes precedence. Treatment consists of cessation of surgery and all blood products, hy-
dration, vasopressors, and inotropic agents, if necessary. Urine output should be maintained by rapid
administration of fluids, and diuretics such as mannitol and loop agents should be considered.
Historically, 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 is the overadmin-
istration of narcotics and sedatives. The proper anesthetic protocol in a burn patient always consists
of careful, slow titration 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 if it is given intravenously. Although 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 difficult problem. Multiple studies have consistently shown that perioperative mor-
bidity, reinfarction, and mortality are significantly 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 climb stairs and perform simple exercises with-
out becoming short of breath, demonstrating cardiac arrythmia, developing chest pain, or having
significant symptoms, he may be considered for surgery if medically necessary. On the other
hand, presence of any of the above signs or symptoms is significant. Also important are the exper-
tise of the anesthesiologist in dealing 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 facility 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.

BIBLIOGRAPHY

I. Apfelbaum JL: Current concepts in outpatient anesthesia. Anesthesia Research Society Review Course
Lectures, 1989, p 104.

2. Barash PG, Cullen BF. Stoelting RK (eds): Clinical Anesthesia. Philadelphia, J.B. Lippincott, 1989.

3. Eckenoft JE, Vandam LD (eds): Introduction to Anesthesia: The Principles ol Safe Practice. 7th ed.
Philadelphia, W.B. Saunders, 1988.

4. Miller RD (ed): Anesthesia, 3rd ed. New York, Churchill Livingstone,

5. Schwarz SI (ed): Principles of Surgery. 5th ed. New York, McGraw-Hill, 1989.

6. Stromberg BV: Anesthesia. In McCarthy JH (ed): Plastic Surgery. Philadelphia, W.B. Saunders, 1990.

7. Vandam LD (ed): To Make the Patient Ready l'or Anesthesia: Medical Care of the Surgical Patient, 2nd ed.

Menlo Park, CA, Addison-Wesley, 1984.

8. Weinzweig N, Weinzweig J: Basic principles and techniques in plastic surgery. In Cohen M (ed): Mastery of
Plastic and Reconstructive Surgery. Boston. Little, Brown, 1994, pp 14-33.

9. White PF (ed): Outpatient Anesthesia. New York, Churchill Livingstone. 1990.

4. TISSUE EXPANSION

Ernest K. Manders, M.D.

1. Is controlled tissue expansion a phenomenon of the past 40 years or so?

No. It originated sometime in antiquity when our ancestors decided to expand earlobes or lips
by inserting objects of ever larger diameter. In this century, Dr. Charles Neumann of New York was
the first to carry out a controlled expansion of periauricular skin using a subcutaneous balloon filled
with air. This work was reported in 1956, published in 1957, and forgotten. Soft tissue expansion en-
tered the practice of plastic and reconstructive surgery through the efforts of the late Dr. Chedomir
Radovan. Reviewersresisted his idea, and it took 3 years to get his discovery on a national program.
His design of a silicone elastomer envelope with a remote self-sealing injection port became the lirst
standard device. Periodic injections of saline were used to distend the overlying tissues 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 cxactly when the ex-
pansion will be complete. Patients must understand that the process must be alforded the time
required to generate the tissue necessary for reconstruction. Patients who specify that the expansion
must be completed over the summer are imposing limitations on the technique and may be disap-
pointed when the actual advancement falls 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 tissue that best matches the lost tissue; similar tissue 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 lie?” 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 small, perhaps a few cubic cen-
timeters in size, or designed to hold a liter or more. The devices may be fitted with remote injection
ports or ports integrated into the envelopes themselves. The envelopes may be bonded to stift backers
or have no back. The expanders may be round, rectangular, oval, or crescent-shaped (the croissant ex-
pander). The envelope may be of uniform thickness and compliance or may be constructed to expand
differentially or directionally. The envelope may be smooth or textured on its outer surface.

5. What are the advantages of the various designs?

Expanders with integrated valves are often used for breast reconstruction. They are especially
useful in the head and neck because no dissection of a pocket for the remote port is required.
Differential expansion is used in the design of breast reconstruction devices because more tissue is
needed at the lower pole of the reconstruction site than in the upper infraclavicular area. The crois-
sant expander is well suited for reconstruction of defects on flat or cylindrical surfaces. The defect is
half surrounded by the expander, allowing better geometry of expansion with the largest expansion
developed in the line of greatestadvance. Remote ports can be placed atop the edge of an expander if
desired; this technique eftectively 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 aremote incision. Some assert that the incision should be oriented radially to the edge of
the expander. The author believes that the best incision is usually placed at the edge of the defect.
The scar in this position will be removed at the time 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 | want the
final scars to lie?” 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 fail?

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 results from the surgeon’s over-
estimation of the size of the pocket. The expander must lie flat, and the expander back, if one is pre-
sent, must not be curled or flexed so that the edge pushes into the line of closure.

8. When do you begin filling an expander? How much saline do you add each time?

It is our practice to begin fillingan expander | 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 intervals. Often the expansion proceeds fairly rapidly and then becomes more difficult with
higher ending pressures in the expander and discomfort noted by the patient. At this 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 starting 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 tlap will produce the desired result. If the tlap is
to be advanced, it 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 until the distance from the clavicle to
the midmammary line at the inframammary fold on the expanded side equals or exceeds the same
distance on the normal, unoperated side. Then fluid should be removed until the volume of the ex-
pander resembles that of the normal breast. The distance from the clavicle to the inframammary fold
should be measured again. Most likely the distance will 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 simple. The skin in incised with a scalpel, and then an electro-
cautery blade with a round, not sharp, tip is used to open the subcutaneous tissues and capsule. A
needle point usually results in a punctured envelope: avoid using a needle tip. It should not be neces-
sary in most cases-—except nasal and ear reconstructions—to excise the capsule formed around the
expander. Simply advance the expanded flap and determine that it will replace the defect hefore the
defect itself is excised. If the trial advance shows that you will come up short, do a subtotal resection
of the defect, leave an expander in place, and plan to finish the job on another clay.

11. What aftercare is required?

Very little aftercare is required. Patients may shower on the first day after advancement. Drains
are managed as usual. Do not rush to touch-up surgery, especially for dog-ears. which usually re-
solve with time.

12. What touch-up surgery may be required?

The area of the body undergoing surgery determines the size of the tinal scar. The back usually
produces a larger scarthan the scalp. Infrequently dog-ears may need to be revised: be patient before
attempting revision. Local areas of alopecia from hair follicles in telogen phase often reverse them-
selves and hair density returns to normal. Concavities usually disappear, especially the concavities,
or bathtub deformities, seen over the skull.

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, termed “creep,” and recruitment of ad-
Jjacent mobile soft tissue 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 tissue culture 20—30 minutes of stretch is enough to initiate a round of DNA synthesis and
cellular mitosis. The mitotic rate of skin has been demonstrated to increase with the application of
tension. When the expander beneath expanded skin is deflated, the mitotic index falls to a subnormal
level. This finding is thought to be consistent with clinical observations of skin contraction with
weight lossand flattening of dog-ears after flap advancement.

15. Can the expander envelope 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 limits expansion and supports the elastomer envelope when external pressure is placed on the
expander mound.

16. What limits the rate of expansion?

The rate of expansion is limited by the relaxation and growth of the tissues overlying the ex-
pander. Pain is an important signal and must be avoided at all times. There should be absolutely
no pain during the process of expansion. Prior irradiation and scar formation may slow expan-
sion or even make it impossible. Tissues undergoing expansion must have the capacity for
growth. Some tissues elongate more slowly than others and may limit the rate of expansion.
Peripheral nerves do not tolerate pressures of more than 40 mml-lg for sustained periods. and if a
nerve is located in the expanding flap, or even immecdliately under an expander, paresthesias may
slow the rate of inflation.

17. How many times can an expander be used?

Many times—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-
vices are meant for single use. It is our practice to save expanders after their removal. They are
washed and wrapped, then sterilized and sent to surgeons and plastic surgery units in the developing
world where they can be reused many times.



22 Tissue Expansion

18. What is the effect of expansion on blood flow in the tissues over the expander?

Several independent studies have demonstrated that blood flow in expanded tissue 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 vessels just above the capsule has been demonstrated by histologic 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, if sub jected to
high pressures, may atrophy. Thin muscles, such as the frontalis, also may suffer the same injury.
Skin appendages are relatively unatfected. The hair follicles 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 especially well suited to reconstruction using soft tissue expansion.
Although some disagree, total nasal reconstruction is made straightforward when the forehead is ex-
panded before raising it as a flap. An expanded forehead flap provides a complete nasal lining and
allows immediate closure of the donor site. The capsule and frontalis 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 falls, pressures fiivoring outpatient reconstruction
via soft tissue expansion will mount. It seems likely that the proportion of tissue expansion recon-
structions will rise and the number of autogenous tissue reconstructions will fall. Although some
have asserted that the costs were almost the same at their institutions, this has not been our experi-
ence. The cost of tissue 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 deformity in the facial fat is
an unwanted outcome, even if temporary. The hands and feet are seldom rewarding sites for expan-
sion. The neck remains one of the most frustrating sites for expansion. If soft tissue is needed for
neck and/or face reconstruction, the best strategy is to expand the supraclavicular skin and turn it up
as a large flap. The amount of tissue created by expansion on the neck is almost always overesti-
mated because of the natural concavity under the jawline. Upward advancements over the jawline
are frequently disappointing in outcome.

23. What are contraindications and relative contraindications to soft tissue expansion?

Contraindications include expansion near a malignancy, under a skin graft, under very tight
tissue, near an open leg wound, or in an irradiated field. Relative contraindications 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 families and patients be trusted to do their own expansions at home?
Most certainly. Injection of saline into a tissue expander is certainly less risky than administering
insulin. Families can learn to perform home expansion safely and effectively for family members.

25. How can you—or a child’s family—measure the intraluminal pressure of an expander
during a home inflation?

If using a scalp vein needle with a shortlength 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 mmHg.
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If the meniscus falls in the tube, the intraluminal expander pressure is less. If fluid overflows from the
hub, the pressure is greater then 20 mmHg. No tissue is injured if a 20 mmHg limit 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 like the lost tissue. It is matched
in color, texture, and hair-bearing characteristics. The tissue 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 replaced 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. ALLOPLASTIC IMPLANTATION
Stephen P. Daane, M.D.

1. What are the advantages of alloplastic materials?

. No donor site morbidity from a second surgical site.

. Reduced operative time compared with harvesting a graft.

Unlimited supply of alloplastic materials.

. Prefabricated implants may be tailored to the individual patient.

. Unlike autogenous materials (bone, cartilage, dermis. fat, fascia). there is no scar formation
or reabsorption of the implant over time.

w0 —

2. How are biomedical alloplants classified?

Biomedical alloplants are classified as either liquids (injectable silicone, collagen) or solids
(metals, polymers. ceramics). The physical form of the implants (solid or mesh, smooth or rough)
determines whether the implant is encapsulated as a whole or whether fibrous tissue will penetrate
the interstices of the implant. Selection of specific alloplastic implant materials can be advantageous
in different clinical 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 silicone tendon prosthesis
ensures free gliding of a subsequent tendon graft.

3. What are the properties of' the ideal implant?

The ideal implant should fulfill certain conditions: (1) 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 microorganisms: (8)
easy to shape, remove, and sterilize; and (9) radiolucent (not interefere with CT or MR).

4. What is 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, auricle, or breast implants. The biologic response to the polymer group of
materials generally consists of a normal inflammatory response, deposition of collagen fibers. and
maturation of fibrous connective tissue that completely encapsulates the implant in 4-6 weeks. In
some instances a restrictive capsular fibrosis occurs, a biologic response that may be related to my-
ofibroblast activity and may require surgical correction.

The quality of the tissue envelope holding the implant must also be considered. If the blood
supply is marginal (as with irradiated tissues), the chance of extrusion is high, or the implant is
placed in a tight pocket, the chance of bony resportion beneath the implant is high. Principles of
placing hard implants include (1) shaping the edges to avoid hard corners, (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 incision 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 1948, 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 latent
period of approximately 300 days.

Rare clinical reports of tumor occurrence adjacent to alloplastic implants in humans are consis-
tent with the Oppenheimer effect, although extensive human clinical experience has not demon-
strated a strong association between carcinogenicity and medical alloplants. 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 polyglycolic acid (PGA) as resorbable implantable devices. When used alone. PLA forms a
strong crystalline 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; Vicryl 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 tissue engi-
neering of cartilage scaffolding. A copolymer of PLA (82%) and PGA (18%) consistently demon-
strated adequate initial strength and complete resorption after 9—15 months. This combination had
been used in resorbable surgical clips and microvascular couplers and was introduced as the
LactoSorb craniofacial plate fixation system in 1996.

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-
tion of hardware or growth restriction. Metallic fixation also interferes with postoperative
radiographic imaging, oncologic follow-up, and evaluation of fracture healing. The characteristics of
initial strength followed by complete resportion at | 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?

(1) Stainless steel. (2) Vitallium, and (3) titanium. Their uses include plate-and-screw fixation
sets for craniofacial surgery and hand surgery and as hemoclips, 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 1920s. 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. Vitallium and titanium
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 1930s. It has a higher tensile
resistance to fatigue or fracture than stainless steel or titanium. Because of its high tensile strength,
lower-profile plates that have narrow interconnecting bars between the holes can be implanted.

Titanium was introduced as an implant material in Europe in the 1940s. Unalloyed titanium is
much more malleable than stainless steel or Vitallium. Malleability facilitates bending to fit the complex
topography of the facial skeleton (e.g., titanium mesh is useful for orbital floor reconstruction in blowout
fractures). Titanium alloy (titanium-aluminum-vanadium) has a tensile strength similar to Vitallium.
Titanium is the least corrosive for implantation and has the least artifact on CT and MR imaging studies.

8. How are injectable collagens used?

Collagen is a large protein made up of repeating peptide triple helices, representing 25% of the
body’s protein. The use of injectable collagen for the correction of small wrinkles and contour defor-
mities was first reported in 1977, and in 1981 a highly purified form of injectable bovine collagen
was developed. Zyderm I and the follow-up products, Zyderm II and Zyplast, are administered by
injection during outpatient visits. The injectable collagens shrink as they extrude water and ulti-
mately biodegrade within the host. Zyderm I and II are sterilized fibrillar bovine collagen, 95% type
I and 5% type I11. The peptide end regions. thought to be the most antigenic sites on the molecule,
are enzymatically removed. Zyplast. introduced in 1985, results from cross-linking the collagen with
glutaraldehyde to give it a longer lifespan. These products differ primarily in rates of resorption.

Zyderm I has a collagen concentration of 35 mg/cc. It is useful for superficial dermal defects in
thin skin, such as fine periorbital and perioral wrinkles. Zyderm 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 glabellar lines, nasolabial lines, transverse forehead lines, 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 glabellar folds. nasolabial folds. and postrhinoplasty defects in
the deep dermis. Lip augmentation is not an approved use for bovine collagen. Using Zyderm I or I,
overcorrection to 1.5 or 2 times the initial depth of the deficiency is recommended. because absorp-
tion of the saline carrier 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 tissue of
beef or sheep intestinal wall.

9. What are the major concerns with the use of injectable collagens?

The main concerns about injectable collagens are the need for repeated injections and the pres-
ence of circulating antibodies to bovine collagen, although they are not known to cross-react with
human collagen. Skin testing is performed preoperatively. and localized hypersensitivity 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 frequently. Contraindications to injectable collagen include autoimmune disease, viral pock
marks, “ice-pick” acne scars or inclurated scars, and hypersensitivity reactions to skin testing.

10. What is hydroxyapatite?

Ca, (PO )((OH),. or hydroxyapatite (HA), is the major inorganic constituent of bone. Corals
of the genus Porites create a calcium carbonate exoskeleton resembling human bone with an aver-
age pore size of 200 p. 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 with onlay bone grafts, HA demonstrates excellent maintenance of contour and volume.
HA implants elicit no foreign-body or inflammatory response.

11. How is HA used in plastic surgery?

HA is available in block form (porous or solid) and as granules. It 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 performed with dental burrs. Lag screw fixation is suggested when HA
blocks are placed in an onlay manner, because osteointegration will not occur if the blocks are mobile.

Porous HA blocks and HA granules are rapidly invaded by fibrovascular tissue; within 2-3
months there is histologic evidence of direct osseous union between implant and bone. HA is osteo-
conductive in that it provides a matrix for deposition of new bone from adjacent living bone. HA is
not osteogenic because it will not induce new bone formation when placed in ectopic sites 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 tissue and bone; the ultimate compressive strength exceeds masticatory forces of the jaws.
Complication rates for porous HA implants in large clinical series have been in the 4-10% range.
The low infection rate is thought to be due to an abundant blood supply. Infection is likely to occur
with a deficiency of soft tissue coverage.

HA granules may be mixed with Avitene or blood and microfibrillar collagen, then placed into a
carefully dissected subperiosteal pocket to produce a desired contour. Granular HA is somewhat
more difficult to handle. Although solid HA has a high extrusion rate when used for alveolar ridge
augmentation, HA granules have been used quite successfully for this application: they become
strongly anchored by fibrous tissue.

12. How is synthetic HA used in plastic surgery?

BoneSource is a synthetic HA cement that was [irst used clinically in 1991. When mixed with
water and a drying agent (sodium phosphate), BoneSource powder forms a paste that hardens to
form a microporous implant within 15 minutes. It is completely biocompatible with no inflamma-
tory tissue response. In addition to its ease of application, the infection rate is extremely low.

Although experiments in feline cranial defects and initial anecdotal clinical 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 placed in contact with bone, whether in an inlay or onlay position in the facial skeleton.
Currently, the approved indication for HA cement is for calvarial defects of up to 25 cm?, 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 silicone as the most commonly used
material for facial augmentation procedures. Medpor has a void volume of up to 50%. Pore sizes
ranging from 100-250 p allow stabilization of the implant through bony and soft tissue ingrowth.
The foreign body reaction to Medpor is minimal, with only a thin fibrous capsule and few giant
cells. It has low infection and extrusion rates, with no loss of the implant on long-term: follow-up.

Medpor is available in sheets and blocks that can be sculpted at the time of surgery and as 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?

Polydimethylsiloxane (PDMS), or silicone, is a repeating chain of —Si—O— units, with methyl
groups attached to the silicon atoms. Silicone can simulate different sof't tissues as a liquid, gel, or
rubber by varying the length and cross-linking of the PDMS chains. Silicone 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-linked to a greater degree. Amorphous silica particles (30 ¢t) may be added to
increase the tensile strength of silicone rubber.
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Silicone is highly biocompatible, nontoxic, nonallergenic, and resistant to biodegradation. The
tissue response is limited to a mild foreign body reaction followed by encapsulation. Silicone 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 unilaterally in patients with bilateral implants.

15. What are the disadvantages of using silicone?

1. Propensity of silicone rubbers to tear easily 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 silicone implants placed subperiosteally for augmentation (e.g., chin).

4. The smoothness of silicone implants makes them prone to extrusion when placed superfi-
cially (e.g., Silastic placed in the nose or ear).

5. Silicone rubbers are permeable, allowing proteins or lipids to become adsorbed onto the sur-
face of an implant, which may alter its physical properties and lead to failure.

16. How is silicone currently used?

Currently silicone is used in ventriculoperitoneal shunts, pacemakers, heart valves, myringotomy
tubes, and intraocular lenses. In plastic surgery silicone is used for aesthetic contour restoration in
breast and facial reconstruction: orbital floor implants in facial fractures: tissue expanders and pros-
thetic penile devices: and finger joint replacements. As an injectable liquid, silicone was once used
for augmentation of facial soft tissues and breast enlargement. However, silicone in jections were ul-
timately affected by gravity with loss of the augmentation effect after a period of years. Infection
and chronic inflammation, migration of the material, and inappropriate usage led to its withdrawal
from the market. However, an injectable form of gel-coated silicone microbeads (Bioplastique) has
recently been approved for clinical 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 manipulation, density similar to bone, radiolucency, and good long-term tissue 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 operating room and contoured with burrs after hardening. 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 failure due to deterioration of the bone—poly-
mer interface. Risks of infection are decreased by keeping the edge of the implant at least | 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 also used for forehead augmentation and
chest wall reconstruction. For difticult reconstructions, implants can be created before an operation
based on a moulage or from CT scan data and computer-assisted milling. 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 tissues. It may be used as a hemostatic agent or to “glue” tissues 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 liver trauma, but it has found limited use in
plastic surgery for blood vessel anastomoses, wound closure, flexor tendon repair. application 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 in the operating room. There is a mild toxicity from the degradation 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 facial plastic procedures.
Dermabond polymerizes within one minute and begins to peel of f in 7-10 days.

19. Which fluorocarbon polymers are used in plastic surgery?

Fluorocarbon polymers as a group are resistant to chemical degradation and minimally reactive
when placed in the body. Of the fluorocarbon polymers used in plastic surgery. Teflon is limited to
vocal cord reconstruction and Proplast was withdrawn from the market in 1990. Only PTFE
(GoreTex) is in common use today.

Proplast I is a black-colored composite of Teflon and carbon that was developed in 1970. With
a void volume of 75% and pores ranging from 80-400 L in size, its tissue ingrowth property led 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 addition to rapid tissue ingrowth, Proplast can be sculpted and impregnated with antibiotics.
However, frequent biomechanical failure of Proplast temporomandibular joint implants led to the
withdrawal of Proplast by the FDA in 1990.

Polytetrafluoroethylene (PTFE) consists of non—cross-linked linear polymers of fluorinated
carbon units with molecular weights of 610 million. The carbon-fluorine bonds are highly resistant
to degradation. PTFE is inert, nonadhesive, and nonfrictional; it elicits virtually no inflammatory re-
sponse within the body. It is nonallergenic and noncarcinogenic and has no immune reactivity.

GoreTex is a polymer sheet of expanded PTFE interconnected by Teflon fibrils, yielding
tremendous strength. Pores of up to 30 p result from the expansion, allowing a small amount of
tissue ingrowth. GoreTex is useful f'or vascular reconstruction and soft tissue augmentation. GoreTex
has been used in the face for the correction of wrinkles and for lip, chin. nasal. and forehead aug-
mentation. It also is used for ligament repair, chest wall or abdominal wall reconstruction, static sus-
pension of the paralyzed face, and guided tissue regeneration (GTR). Problems with extrusion or
migration of GoreTex implants are reduced when the implants are properly fixed to the tissues.
Infection rates with GoreTex implants are very low.

20. What are osseointegrated implants?

Osseointegration is the harmonious coexistence of implant, bone, and soft tissue. Osseo-
integrated percutaneous implants allow 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 tissues for 3 months to provide osseointegration. 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 healing: otherwise. con-
nective tissue rather than bone may form at the implant surface. Threaded implants with small
pores are more likely than smooth implants to establish initial stability, and titanium is used be-
cause the oxide layer that readily forms on the implant’s surface is important to tissue interaction.
More recently, HA-coated titanium implants have been used. Success rates greater than 95% have
been reported using osseointegrated implants for dental restoration and prosthetic facial parts on
long-term follow-up.

21. Should patients with implants undergo antibiotic prophylaxis?

The potential of an implant material to promote infection is an important consideration. For ex-
ample, experiments have shown that the requirement of 10¢ organisms to produce a pus-forming in-
fection is lowered to 100 orgainisms in the presence of a braided silk suture. Although studies have
shown a beneficial effect for perioperative antibiotic prophylaxis in patients undergoing implanta-
tion with alloplastic materials, usually only patients with prosthetic heart valves or hips receive an-
tibiotics when undergoing dental procedures that cause a transient bacteremia. It seems possible that
breast implants or other materials may serve as a nidus for bacterial colonization, although formal
recommendations for antibiotic prophylaxis in such patients have never been made.
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6. THE PROBLEMATIC WOUND
Thomas |. Krizek, M.D.

1. What is a problematic wound? What causes it?

The goal of wound healing is to obtain successtul closure of the wound with an intact epithelial
layer. A wound becomes problematic when it presents unusual difficulty in obtaining such closure.
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 cell anemia, administration of steroids) or local factors (e.g., bacterial 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 sutures, staples, tape,
or other means brings the edges together and maintains approximation while the wound experiences
the healing 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 reepithelialization
of the wound from viable epithelial elements in the wound itself or from the epithelium 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 due 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 form 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 collagen deposition results in less tensile strength and more elas-
ticity. A deficiency in vitamin C (scurvy) makes the hydroxylation of proline to hydroxyproline im-
possible and causes a collagen cross-linking deficiency. Sickle cell anemia has profound local eftects
on healing. Chronic administration of steroids interferes with fibroplasia. It is important to recognize
how few systemic conditions result in wound closure difficulty. Such factors as malnutrition,
anemia, age, and other systemic factors are clinically 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 biologically 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 (forexample, 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 tissue 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), elastic support, and prophylaxis
against streptococci are of long-term value. Growth factors may soon be commercially available l'oruse in
diabetic arterial disease and other wounds. Sickle cell 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 willnotoccur andthe 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 (quadriplegics,
paraplegics, neuropathics, and patients with chronic debilitating central neurologic problems) are
extremely difficult and cannot be successfully managed unless the underlying cause is corrected.
Successtul wound closure in unselected patients, even with sophisticated muscle flaps, is probably
less than 10%. With careful education and limitation of surgery to the most compliant patients,
muscle closure of pressure sores is successful in about 75% of cases. Many problematic pressure
wounds are best managed by creating a controlled wound—namely, a wound without excessive con-
tamination that can be maintained indefinitely by local wound care. The wound, if not excessively
large, is of no danger to the patient; this approach is useful in patients in whom the success of
surgery is small. The use of growth factors in compliant patients may result in successful closure of
pressure wounds by second intention to 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 [Tom 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 fall into the
category of subacute injury. The ultimate effect of radiation on the tissue is not necessarily to pro-
duce ischemia; in fact, radiated wounds are usually quite well 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 will 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 with 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 guidelines 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. until you see fresh gore.
The tighter the fascia, And the bundles contract,
the more you should slasher. at the least impact.

Leave intact the bone,
except bits quite alone.

Learmonth emphasized 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 delineation of vascular compared with devitalized skin. Foreign bodies must be removed
before closure. Wounds should be explored for metallic 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 virtuosity will be used to close it. But first, debride the wound.

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

9. Which irrigation fluid should be used? How much?

Most irrigation is 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 lora 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 |
liter or 20 liters. “Dilution is the solution to pollution” only when irrigation is performed with pres-
sure; pressure irrigation with the jet lavage or Systec-like systems at about 70 PSI (pounds per
square inch) reduces bacteria counts and the amount of particulate matter. Although saline is readily
available, Ringer’s lactate is probably a better choice. The amount depends on the nature of the
wound. Small wounds irrigated in the emergency department with a syringe and fine needle require
only a few ounces. whereas large 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 heavily 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. Residentflora, which reside in the hair follicles and skin
glands, are “normal.” A biopsy culture of normal skin identities about 10° microorganism per gram of
skin. Similarly 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 live
in delicate balance with them—a balance that can be identified and measured with great precision.

11. What is quantitative microbiology?

All microbiology laboratories routinely culture urine to determine whether a level of 100,000
(10%) microorganisms is present. A level less than 10° microorganisms indicates contamination,
whereas a level more than 10° microorganisms indicates invasive infection. Forthe past40 years sur-
gical biologists have used the same technology to measure bacterial contamination in the tissue of
open wounds. A specimen is obtained, weighed, and converted to liquid on a weight/volume basis
and then cultured in the same fashion as urine cultures. The number of microorganisms per gram of
tissue is determined. The surface bacteria in a wound are insignificant because they are so easily
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eliminated. Surface swabs for culture fail to recognize the bacteria in the depths of the wound—
which make the difference.

The rapid slide test provides information about whether the wound has more than 10° microor-
ganisms per gram of tissue in less than 30 minutes. It does not identify the exact organisms or their
sensitivities, but it is 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.” All differences are not necessarily important, but quantitative microbiology makes a differ-
ence. When fewer than 10° microorganisms are present in the tissue, invasive infection will not
occur, wounds will close spontaneously, and skin grafts will take with uniform success. When the
counts are greater than 10° microorganisms per gram of tissue, skin grafts will not take and invasive
infection will occur. Streptococci, which are dangerous in «ny quantity, are the exception that proves
the rule.

Of interest, 10%~10? microorganism per gram of tissue are necessary to produce clinical 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 1,000-fold. In a clinical study of random wounds in the emergency
department, the number of wounds with more than 107 microorganisms per gram was 20%. This is
the average infection rate in wounds managed in emergency departments nationally. When wounds
with fewer than 10° microorganisms were closed, the infection rate dropped to less than 1 %.

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 10% microorganisms per
gram, the infection rate for wounds is all but eliminated. Quantitative microbiology adds scientific
precision to the measurement of soft tissue contamination and makes wound closure, by any modal-
ity, amatter of clinical 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 is biologically sound. Clean surgical wounds and trau-
matic wounds under clean conditions (e.g., cuts around the home) are most likely free of unusual
contamination. Our studies have shown that almost 80% of unselected wounds presenting to the emer-
gency department fall into the clean category. It is the other 20% 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 dog bites are “clean,” because the dog’s mouth has fewer
than 10 bacteria/gm wunless the dlog has eaten meat in the previous 8 hours. In this case, the counts go
as high as 107 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 Contaminated wound

Example: elective Example: surgical wound in contaminated field

surgical incision. l

traumatic wound Quantitative microbiologic bacterial count

from clean knife l {

{ < 10°/gm > 10°/gm
Debride, irrigate. l d
close wound Debride. irrigate, Debride, irrigate, leave open,
close wound use topical antibacterials
Repeat quantitative microbiotogic count
< 10°/gm > 10°/gm
Close wound Repeat debridement. irrigate

under pressure. apply topi-
cals until count is < 10%/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 likely 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 time to give an antibacterial is hefore the contamination occurs so that an
effective level is present in the tissue when bacterial contamination occurs. Most persons do not
walk around on antibacterial therapy. In patients with lymphedema or edema of a healing burn,
however, long-term prophylaxis against streptococcal infection is appropriate. and a narrow-spec-
trum agent (penicillin) 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 prolonged. Contaminated, traumatic wounds also are appropriately treated with systemic an-
tibacterials if the danger of contamination is high and if the antibacterial can be delivered within
the golden period of about 3 hours. Most clean lacerations have minimal contamination, and in
large series of patients systemic antibacterials show no advantage. It cannot be emphasized enough
that the widespread emerging resistance of microorganisms to most, in some cases even all, 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 delivery 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. It is logical, therefore, when managing a contaminated wound to use the follow-
ing steps:

1. 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 10°
microorganisms per gram of tissue, it is not safe to close the wound; if fewer than 10° 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 103 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 States performs quantitative bacterial
cultures on urine on a daily basis. With simple equipment (less than $100.00) lab workers can weigh,
crush, and dilute soft tissue and perform the test in about 30 minutes (rapid slide). They can also give
you accurate cultures and sensitivities 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 millions of
dollars on expensive equipment such as MRI will gladly perform the test free of charge if you show
them that you can preventeven one wound infection or save even one patient a single day in the hos-
pital. There are more resistant surgeons than there are resistant microorganisms.
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7. THE FETAL WOUND
Eric ]. Stelnicki, M.D., Michael T. Longaker, M .D., and |effrey Weinzweig, M.D.

1. What is the major phenotypic difference that distinguishes fetal from adult wound healing?
Unlike the adult cutaneous skin wound, which heals with scar, fetal cutaneous wound healing is
scarless, appearing more like tissue regeneration than wound repair.

2. How was scarless fetal wound healing discovered?

The observation that the human fetus heals without scar was originally described by Rowlatt in
1979 but went unappreciated by the medical community until the early 1980s when surgeons at the
University of California 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 follow the same patterns as adult wound healing?
No. Adult wound repair is characterized by five stages: hemostasis, inflammation, proliferation,
early remodeling, and late remodeling. The first three stages take several weeks to be completed, and
the final remodeling 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 within 5-7 days
after injury; the acute inflammatory stage of healing is absent.

4. Is the ability 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 adult mice with severe combined immunodeficiency also regenerate.
Neither of these cutaneous tissues is in contact with amnionic fluid during or after the time of
wounding, indicating that the process is intrinsic to the fetal cells.

5. 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 essential to normal
adult wound healing. Without these cells normal epithelialization and fibroblast proliferation do not
occur. The fetal wound, in contrast, contains few inflammatory cells and appears to be controlled
purely by the activities of the fetal fibroblast and epidermis. In addition, the function 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 cells somehow alter the function of the fetal fibroblast and make it respond in a more
adultlike manner.

7. What types of collagens are laid down within the fetal wound?

The fetal wound is repaired primarily by the rapid andhighly organized deposition of typeIll col-
lagen. The ratio of type III to type I collagen is 3:1. In the adult wound type I1I collagen is laid down
early in the healing process but is quickly replaced predominantly by type I collagen. At the end of
adult wound remodeling 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 extracellular matrix (ECM) in fetal wound healing?

Several features of the extracellular matrix (ECM) other than changes in collagen deposition
characterize the fetal wound-healing process. First, hyaluronic acid (HA) is abundant in the fetal
wound; it is produced 2 weeks longer than in adults. The abundance of HA is thought to aid in fi-
broblast movement, to promote cellular proliferation, and to inhibit cellular differentiation. Second,
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fibronectin is deposited faster in fetal wounds (4 hours vs. 12 hours in adult wounds), rapidly pro-
viding a good scaffolding for epithelial cell migration. Finally, sulfated glycosaminoglycans
(GAGs), such as decorin and heparin sulfate, 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. [t is thought that GAGs may play a role in the induction of cytodifterentiation.

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 elements of the mam-
malian fetus that appear to be able to regenerate after wounding. Studies of tendon, diaphragm,
nerve, and GI tract have shown scar formation in response to wounding in both fetuses and adults.

11. Do fetal wounds heal differently in congenital models and surgically created models?
No. Models of dilantin-induced cleft lip 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 limit 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 smaller size 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 proportionately until the third trimester is reached and all wounds heal with scar.

14. Does amniotic fluid play a role in wound contraction?
Yes. Both fetal and adult fibroblast contraction are inhibited by human amniotic fluid. This
effect progressively decreases with increasing wound size and advancing tetal age.

15. Is the lack of wound contracture in the fetus due to lack of myofibroblasts in the skin?

No. Multiple studies using immunohistochemistry and transmission electron microscopy have
demonstrated the presence of myofibroblasts in the fetal wound. The mere presence of these cells
does not correlate with the ability to form a scar contracture.

16. Can adult skin placed into a fetal environment heal without scar?

No. Adult 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 within a fetal cutaneous
defect, demonstrated healing by scar formation consistent with typical adult wound healing.

CONTROVERSIES

17. What regulates the process of fetal wound healing?

Currenttheoriesrange 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-f3), 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 cells 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 conflicting reports in the literature. A review of these
reports indicates that the variable changes in fetal growth factor expression are both species- and
model-dependent.

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

Scarless healing in utero may minimize or prevent facial dysmorphology associated with anom-
alies such as cleft lip and palate. Maxillary hypoplasia, with resultant midface retrusion and relative
prognathism, is often the result of surgically induced scar formation after repair of cleft lip and/or
palate. Increased lip pressure after postnatal repair of cleft lip in animals is also associated with pro-
gressive midface hypoplasia. Thus, the major advantage of scarless fetal wound healing is un-
impaired facial growth without the adverse effect of the lip and/or palate scar.

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

Not likely. An intrinsic factor contributes to facial growth impairment in the repaired as well as
unrepaired congenital cleft. The incidence of this factor is unpredictable and variably expressed.
This intrinsic component of facial dysmorphology is unrelated to scar formation and, thus, is 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.

BIBLIOGRAPHY

I. Adzick NS, Lorenz HP: Cells, matrix, growth factors, and the surgeon. The biology of scarless fetal wound
repair. Ann Surg 1994.220:10-18, 1994.
. Cass D, Bullard KM, Sylvester KG, et al: Wound size and gestastional age modulate scar formation in fetal
wound repair. J Pediatr Surg 32:411-415, 1997.
3. Hallock GG: In utero cleft lip repair in A/J mice. Plast Reconstr Surg 75:785. 1985.
4. Howarth G, Ferguson MWJ: Marsupial models of scarless fetal wound healing. In Adzick NS, Longaker MT
(eds): Fetal Wound Healing. New York, Elsevier Science, 1992, pp 95-124.
5. Leibovich SJ, Ross R: The role of the macrophage in wound repair: A study with hydrocortisone and anti-
macrophage serum. Am J Pathol 78:71-100, 1975.
6. Longaker MT, Adzick NS: The biology of fetal wound healing: A review. Plast Reconstr Surg 87:788—798, 1991.
7. Longaker MT, Burd DA, Gown AM, e tal: Midgestational excisional fetal lamb wounds contract in utero. J
Pediatr Surg 26:942-947: discussion, 947-948, 1991.
8. Longaker MT. Whitby DJ, Ferguson MW, et al: Adult skin wounds in the fetal environment heal with scar
formation. Ann Surg 219:65-72, 1994,
9. Longaker MT, Whitby DJ, Jennings RW, et al: Fetal diaphragmatic wounds heal with scar formation. J Surg
Res 50:375-385, 1991.
10. Lorenz HP, Lin RY, Longaker MT, et al: The fetal fibroblast: The effector cell of scarless fetal skin repair.
Plast Reconstr Surg 96:1251-1259: discussion. 1260-1261, 1995.
I'l. Lorenz HP, Longaker MT, Perkocha LA, et al: Scarless wound repair: A human fetal skin model.
Development 114:253-259, 1994.
12. Martin P, Nobes C, McCluskey J, Lewis J: Repair of excisional wounds in the embryo. Eye 8:155-160, 1994.
13. Mast BA, Krummel TM: Acute inflammation in fetal wound healing. In Adzick NS. Longaker MT (eds):
Fetal Wound Healing. New York, Elsevier Science. 1992, pp 227-240.
14. Meuli M, Lorenz HP, Hedrick MH, et al: Scar formation in the fetal alimentary tract. J Pediatr Surg
30:392-395, 1995.
15. Nath RK, LaRegina M, Markham H, et al: The expression of transforming growth factor type beta in fetal
and adult rabbit skin wounds. J Pediatr Surg 29:416—421, 1994.
16. Rowlatt V: Intrauterine wound healing in a 20 week human fetus. Virchow's Arch 381:353, 1979.
17. Siebert J. Burd A, McCarthy JG, et al: Fetal wound healing: A biochemical study of scarless healing. Plast
Reconstr Surg 85:495-502; discussion, 503—-504, 1990.
18. Sullivan WG: In utero cleft lip repair in the mouse with an incision. Plast Reconstr Surg 84:723, 1989.
19. Weinzweig J, Sullivan P, Panter K. et al: The fetal cleft palate: Characterization and in utero repair of a con-
genital model. Plast Surg Forum 20:25-27, 1997.
20. Weinzweig J. Panter K, Pantaloni M. et al: The fetal cleft palate: A histomorphologic study of palatal devel-
opment and function following in uterorepair of a congenital model. Plast Surg Forum 21:86-88. 1998.

[RS]



II. Integument

Elastic Skin Man
James Morris
ca. 1890

Albumen print
© 1998 The Wellcome Institute Library. London



8. MALIGNANT MELANOMA
Faizi A. Siddigi, M.D., Derlis Martino, M.D., and 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 beenknown to have a higherincidence in families. Between
5% and 10% of patients with melanoma have a family history of the disease independent of other
factors such as sun exposure. Presently, several melanoma susceptibility genes are under study. One
of the most significant is the tumor suppressor gene for protein pl6, CDKN2, alterations of which
have been found in about one-half of all melanoma-prone families. This protein is a negative regula-
tor of the cell cycle. Mutations in the N-ras oncogene were detected in 36% of all patients with
melanomas in one series. In addition to the above, certainrisk 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 is a closer association with ultraviolet (UV) B radiation (wave-
length of 290 nm) than UVA (wavelength of 375 nm) and visible light (wavelength of 600 nm).
On the other hand, studies of sunscreen use have suggested that exposure to UVA also increases
the risk of melanoma. Commonly used sunscreens block UVB but are transparent to UVA, which
makes up 90-95% of the UV energy in the solar spectrum. Thus, sunscreens may permit exces-
sive exposure of the skin to portions of the solar radiation other than UVB and may increase the
risk of melanoma. Studies relating sunburns to melanoma risk have shown a consistent associa-
tion. Results showed an increased risk with an increase in the number of blistering sunburns. The
evidence also suggests that sunburns are more dangerous in childhood than later in life. Of inter-
est, intermittent sun exposure (e.g., during summer holidays at the beach) rather than chronic sun
exposure (e.g., outdoor occupations like farming or construction) appears to be the main risk
factor.

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

3. Skin reaction to sunlight. People who get sunburned easily and tan poorly are at an in-
creased risk for melanoma. However, pigment traits and skin reaction to sunlight are correlated with
each other and may represent a common underlying sun-sensitivity trait.

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

5. Benign melanocytic nevi. The number of nevi rather than their size has been related to a
higher 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
increasingheightin 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, superficial spreading, and
nodular. All four types have two biologic phases: a horizontal (radial) growth phase (with epidermal
involvement only) and a vertical growth phase (dermal invasion). Metastatic invasion does not pose
a threat in the horizontal growth phase because blood vessels do not occur in the epidermis. In the
vertical growth phase, however, the deeper the melanoma invades the skin, the greater the possibility
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 10~15 years and attains large size (3—6-cm diameter) before progressing to ma-
lignancy. The lesion appears as a tan-to-brown macule or patch with variation in pigment or areas of
regression that appear hypopigmented clinically. 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, although it accounts for 35-90% of melanoma in African Americans, Asians, and
Hispanics. It typically 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 clinical 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 15-30% of
patients. As with superficial spreading melanoma, legs and trunk are the most frequent sites of oc-
currence. Rapid growth, which corresponds to the lack of an identifiable radial growth phase, is a
hallmark of nodular melanoma. Clinically 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 1 in 57 Americans will be diagnosed with melanoma by the year 2000. Melanoma mortality
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 layer is more effective 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. Since 1969, 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 1%.

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. Inspection alone is about 60-80% effective in identifying malignant
melanoma. Other techniques, such as baseline full-body photography of patients with atypical
moles, may be helpful. Appropriate biopsy of a suspicious pigmented lesion is 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 clinically, particularly with unusual variants
such as desmoplastic or amelanotic lesions.

An excisional biopsy is recommended. This approach allows adequate distinction of the neo-
plasm from surrounding normal tissue and, if the lesion proves to be melanoma, adequate measure-
ment of the thickness of invasion. However, incisional 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 difficult. The shave biopsy technique should nor be
used if melanoma is suspected. Transection of the lesion 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 successfully 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 public awareness of the dangers of excessive sun exposure should be an
important target, especially avoidance of exposure in young children, in whom the melanocytic pop-
ulation is more unstable. Self-examination for melanoma is advocated and should be done by every-
one, especially people with large numbers of melanocytic nevi (50 or more) before age 20 or after
age 50 and people who have more than 100 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 othercancer can we derive as much prognos-
tic information from the primary tumor alone. This factor was first defined by Clark, who deter-
mined five levels of microinvasion. Clark et al. showed that survival rates worsened with the
increasing levels of invasion of melanoma cells. In 1970, Breslow took Clark’s work a step further
with quantitative measurement of the maximal vertical height of the tumor using an ocular microm-
eter. Breslow’s method avoids the confounding eff'ect of the variable thickness of the reticular
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 statistical 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 linear correlation
of survival and tumor thickness.

Other prognostic factors include:

1. Ulceration, which is a statistically significant 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 belter than men) are important prognostic tactors.

Once the tumor has become metastatic, 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 11l in the American Joint Committee on Cancer Classification. As
with certain other malignancies, the number of nodal metastases has been identified as the most im-
portant prognostic tactor for patients with lymph node involvement.

Clark Breslow
Level | 0.75 mm
Level i B 0.76-1.5 mm
—

]
reve — 1.6-3.0 mm
Level IV

>3.0 mm

Level V

Classification of primary melanoma according to depth of invasion. (Adapted from Schwartz S: Principles of
Surgery. 6th ed. New York, McGraw-Hill, 1996, p 526.)
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Tumor-Node-Metastasis Classification of Melanoma of the Skin

Primary tumor (T)

TX  No evidence of primary tumor (unknown primary or primary tumor removed and not examined
histologically)

TO  Atypical melanocytic hyperplasia (Clark level ), not a malignant lesion

Tl Invasion of papillary dermis (level 1) or .75 mm in thickness or less

T2 Invasion of the papillary/reticular-dermal interface (level I1I) or 0.76-1.5 mm in thickness

T3 Invasion of reticular dermis (level 1V) or 1.51--4 mm in thickness

T4 Invasion of subcutaneous tissue (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

N1 Involvement of only one regional lymph node station: negative regional lymph nodes and < S in-
transit metastases beyond 2 cm from primary site

N2 Any one of the following: (1) involvement of > | regional node station; (2) regional node(s) over S
cm in diameter or lixed; (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 ol distant metastasis cannot be met

MO No known distal metastasis

M1 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 [rom Schwartz S: Principles of Surgery, 6th ecl. New York, McGraw-Hill, 1996, p 525.

Staging System for Melanoma Adopted by the American Joint Committee on Cancer

STAGE THICKNESS/LEVEL TNM CATEGORY 5-YEAR SURVIVAL (%)
IA < 0.75 mm or level II T1,NO, MO > 90

IB 0.76-1.5 mmor level 111 T2, NO, MO

I1A [.51-4 mmor level IV T3, NO, MO 70

1B >4 mm or level V T4, NO, MO

Il Limited nodal metastasis Any T, NI, MO 35

v Advanced local metastasis Any T, N2, MO <2

Distant metastasis Any T,any N, M1 or M2

Adapted from Rogers G, et al: New approaches to treating advanced melanoma: Adjuvant treatment of high-risk
primary melanoma and boron capture therapy. Semin Cutan Med Surg 16:166. 1997.

7. What treatment strategies currently complement surgery?

No therapy is effective as a consistent cure for melanoma that has spread beyond the regional
nodes. Combinations of chemotherapy, radiotherapy, and immunotherapy have beentried in patients
with advanced melanoma, and the best response rates have been less than 25%. Of these approaches,
immunotherapy seems the most promising, mostly because melanoma is one of the most immuno-
genic of all solid tumors. However, at this point no therapy appears to be better than dacarbazine
alone. The ultimate goal is to develop a melanoma vaccine to block the initial pathogenesis of the
tumor in high-risk patients. For this purpose. approximately 70 different antigens expressed in
melanoma cells have been defined by monoclonal antibodies. None of these has proved to be truly
melano-specific. Vaccines prepared with these antigens in various mixtures are currently under
study. Currently, two innovative immunotherapeutic modalities are used to treat advanced disease:
high-dose interleukin-2 (1L-2) therapy and high-dose interferon alpha-2b. Both treatments are highly
toxic, and their exact indications are currently being delined.

8. How do melanomas metastasize?
Metastatic disease usually (ollows a sequential order: [irst to the regional lymph nodes and then
to distant sites, including subcutaneous tissue, lung, liver, brain, bone, and visceral organs. Distant
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metastasis portends a poor prognosis with a S5-year survival rate of less than 10%. Peculiar types of
metastatic disease in such patients are the so-called “satellites” and “in-transit” metastases, which
develop in 2-20% of patients with melanoma. These cohesive aggregates of tumor cells are found
within the dermal subcutaneous tissue or blood vessels (or both). They are separated from the main
mass of the tumor by normal tissue and represent microscopic metastatic lesions. Satellites 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 microscopic satellites and in-transit metastasis 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 nevus. Precursor le-
sions include congenital melanocytic nevi, common acquired melanocytic nevi, 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 risk for the devel-
opment of melanoma. These nevihave, or are predicted to have, a largest diameter of 20 cm in adult-
hood. It is recommended that they be evaluated for excision early in life.

10. What is a dysplastic nevus?

Dysplastic nevi represent a clinically heterogeneous group of melanocytic nevi that tend to be
larger (usually >5mm) than ordinary nevi and have more ill-defined borders. The lesions are typi-
cally seen on the trunk and extremities butmay 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 childhood.
Dysplastic nevi may occur in two clinical settings:

|. Patients with a personal or family history of malignant melanoma or familial dysplastic
nevus syndrome

2. Patients without such a history, the so-called sporadic dysplastic nevus syndrome.

The familial syndrome is a distinctive clinicopathologic entity, and patients in this group are at
an increased risk for the development of melanoma. However, the sporadic syndrome is less well-
defined, and the incidence of melanoma is relatively small. In terms of management, dysplastic
nevi are not precancerous lesions in themselves but rather clinical markers for increased risk of
melanoma. Such patients should be examined frequently withthe aid of total body photography on
either a semiannual or annual basis; excision is recommended with a change in clinical appearance.

11. What is the surgical approach to the primary melanoma lesion?

The fundamental principle in the surgical treatment of malignant melanoma, as with other ma-
lignant tumors, is excision of the melanoma with pathologically negative margins. In the past, exci-
sion margins of 4—-5 cm were deemed necessary to obtain local control; they resulted in large
defects requiring split-thickness skin grafting with accompanying morbidity, increased hospital
stay, and increased cost. Once it was revealed that tumor thickness influenced prognosis, prospec-
tive randomized studies were initiated to determine the margins necessary to obtain local control.
Based on these trials, it is clear that most primary cutaneous melanomas canbe managed with exci-
sion and primary closure with acceptable local control. Advantages of this approach include less
wound morbidity, reduced need for skin grafting, 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. If the lesion is 1-2 mm in thickness, a 2-cm margin is adequate; a 1-cm margin is
associated with only a 3% local recurrence rate, whichmay have no impact on survival.

Recommended Margins of Resection for Primary Melanoma

THICKNESS (mm) MARGIN (¢cm)
Melanoma in situ 0.5
<1.0 1
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—10% in patients with primary lesions < | mm in thickness. In pa-
tients with intermediate lesions (1—4 mm in thickness), the risk of identitiable 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 clinically 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 S-year survival rate is about 15-20%. The 5-year survival rate in patients with 1 positive lymph
node is about 50%. In patients with 2--4 positive lymph nodes, the S-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 iliac and obturator groups”? Two major studies
from Roswell Park Cancer Institute and Memorial Sloan-Kettering Cancer Center reported conflicting
results. Although 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-
cial and deep inguinal as well as obturator nodes, which accounts for the improved survival noted in
the Roswell 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 clinically negative. The theoretic advantage of this procedure is obvi-
ous: if cutaneous melanoma spreads initially to the lymphatic groups and from there systemically,
prophylactic dissection of the nodal basin will 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 intermediate thickness (1-<4 mm) have negative lymph nodes at
presentation and therefore would not benefit from this procedure. Only patients with clinically nega-
tive nodal metastases and no distant metastases would potentially 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 prophylactic measures. Moreover, opponents of ELND claim 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 generally agree that with melanomas less than 1 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 lesions have a high incidence 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 failed to show an overall survival
advantage. The two most frequently quoted studies—the World Health Organization Study and the
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Mayo Clinic Study—were criticized 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 inherent
problems with retrospective analyses and the difficulty of explaining why patients older than 60
years of age do worse with lymph node dissection than patients younger than 60 years of age. It 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 1991 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 cells from the primary site. If this node is free
of tumor, the remaining lymph nodes in the regional lymph node chain also will be free of tumor. This
technique allows the surgeon to determine the status of the regional lymph nodes after lymph node
biopsy rather than lymphadenectomy, thereby sparing lymph node-negative patients the morbidity of
extensive lymph node dissection. Moreover, because the pathologist receives the lymph node that is
most likely to harbor metastatic disease, a more extensive evaluation of the lymph node with multi-
ple sectioning and immunostaining will improve the accuracy of diagnosis.

18. How is lymphatic mapping performed?

At the time of lymph node surgery, the surgeon injects a vital blue dye into the skin at the site of
the melanoma. The dye is quickly taken into the lymphatics and results in blue 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 hematoxylin and eosin studies of the sentinel lymph node, the degree of identifying posi-
tive micrometastases for melanoma has increased by an additional 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 subdermal 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 1%.

19. What are the advantages of intraoperative lymphatic mapping?

1. The technique can be clone under local anesthesia.

2. Only patients with histologic proof of nodal metastases undergo formal lymphadenectomy:
thus, lymphadenectomy is therapeutic and performed at an earlier stage of disease.

3. Patients without nodal metastases are spared the morbidity of unnecessary lymphadenectomy.

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 adjuvant trials require lymph node involvement as an
entrance criterion, the use of sentinel lymph node biopsy followed 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 limited; even the best combina-
tion of chemotherapeutic agents has limited response rates and virtually no sustained complete 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-
monary metastases, gastrointestinal metastases, adrenal metastases, and isolated brain metastases.

21. What s the only approved adjuvant therapy for resected melanoma?

Alpha interferon has been approved by the Food and Drug Administration as an effective adjuvant
therapy for resected melanoma patients at high risk for systemic relapse. The Eastern Cooperative
Oncology Group Trial EST 1684 randomized patients at high risk for systemic relapse (positive re-
sected lymph node or primary lesions >4 mm in thickness) to | year of high-dose interferon alpha-2b
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therapy vs. observation. At a median follow-up of 6.9 years, the group that received interferon had a
significant improvement in disease-free survival and overall survival rates. Interferon alpha-2b is the
tirst adjuvant demonstrated to show a significant benefit for patients with melanoma at high risk for
systemic relapse.
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9. BASAL CELL AND SQUAMOUS
CELL CARCINOMA

Bobby Kapur, B.A., Samuel Stal, M.D., F.A.C.S., Melvin Spira, M.D., D.D.S,
and Giulio Gherardini, 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 climates. in people with light 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 eftfects of UV irradiation are due to electron excitation in the
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absorbing atoms and molecules, which induces damaging chemical reactions. Radiation-induced chem-
ical damage in DNA may be responsible for cell death and neoplastic transformation. Normal 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 comeum, 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 (315-400 nm), UVB (290-315 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 malignant skin changes. In addition, excessive UVB radiation interferes 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. [onizing radiation includes
electromagnetic radiations (x-rays and gamma rays) and particulate radiation (electrons, protons,
neutrons, o.-particles, and heavy nuclei). Both types of radiation elicit changes by ionizing important
cell 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 cellular macromolecules, RNA, DNA, and protein. Arsenic, atmospheric
pollutants, psoralens, and nitrogen mustard have been implicated in cutaneous malignancies.

2. What inherited conditions predispose to cutaneous malignancies?

Xeroderma pigmentosum is an autosomal recessive disorder with an acute sensitivity to sun-
light secondary to a defective DNA repair mechanism and results in multiple epitheliomas with sub-
sequent malignant degeneration.

Basal cell nevus syndrome, also known as Gorlin syndrome, is an autosomal dominant disor-
der with three characteristic findings: multiple basal cell nevi on the skin with malignant 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) andbasal cell carcinoma (BCC).

Epidermodysplasia verruciformis consists of an autosomal 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 SCC.

Muir-Torre syndrome is a disorder of multiple internal malignancies, cutaneous sebaceous
proliferation, keratoacanthomas, BCC, and SCC.

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

Baze-Dupre-Christol syndrome is an X-linked disorder characterized by follicular atropho-
derma, congenital hypotrichiosis, basal cell nevi, and BCC.

3. What is a solar keratosis?

Actinic keratosis, often referred to as solar keratosis, represents the cumulative effect of UV
light exposure. Therefore, lesions appear primarily on sun-damaged or exposed skin and are fre-
quently multiple. Grossly, the lesions are discrete, well circumscribed, erythematous, and macu-
lopapular. They vary in color from reddish to light brown and are dry and scaly due to adherent
parakeratotic scales. Microscopically, hyperkeratosis and parakeratosis, together with dyskeratosis
and acanthosis, are prominent features in the epidermal layer. Within primarily the upper dermis 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 lesions
that become invasive SCC varies from 20-25%. These carcinomas rarely metastasize, and there is
little place for wide margins in surgical treatment.

4. How is actinic keratosis treated?

Curettage and electrodesiccation form the foundation for treatment of most lesions. Liquid nitro-
gen is also an effective modality, and more recently 5-fluorouracil (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 disease is seen in older patients in both sun-exposed and non-—sun-exposed areas. It
represents an intraepithelial SCC (carcinoma in situ) and may involve the skin or mucous mem-
branes, including mouth, anus, and genitalia. Most of the lesions are solitary, and men are afflicted
more often than women. Lesions have a long clinical course, generally years. Clinically the lesion
appears as a solitary, rather sharply defined, erythematous. reddish, dull, scaly plaque. Pruritus, su-
perticial crusting, and oozing may be noted.

Microscopic examination reveals the stigmata of an intraepidermal SCC with hyperkeratosis,
parakeratosis, dyskeratosis, and acanthosis within the epithelial layers. Within the epithelium there
is disorder. Cells are keratinized within the prickle cell layer, and hyperchromatic bizarre nuclei and
increased cell mitosis are observed. There is no dermal invasion, but a heavy inflammatory infiltrate
is frequently noted in the papillary dermis with multinucleated giant cells.

Surgical therapy includes eitherexcision or a combination of curettage and electrodesiccation.
The prognosis is excellent with appropriate treatment. However, the prognosis is poor if SCC devel-
ops: these lesions are much more aggressive than the SCCs 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 sixth decades of life, primarily in
uncircumcised men. Grossly, erythroplasia consists of solitary or multiple erythematous lesions that
are well circumscribed, moist, glistening, and velvety. Microscopically, the lesion resembles
Bowen’s disease. Erythroplasia is much more likely than Bowen’s disease to become invasive and
has an increased tendency to metastatic disease.

7. Where is leukoplakia usually found? What is its appearance?

Leukoplakia, literally meaning white patch, is seen primarily on oral, vulvar. or vaginal mucosa.
Leukoplakia in the mouth is scen mostly in older men with a history of smoking. Ill-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.
Microscopically, we see the classic quartet of hyperkeratosis, parakeratosis, keratosis, and acanthosis.
Within the epidermal layer, cellular atypia abounds, and within the dermis is seen an inflammatory
infiltrate. Of untreated lesions, 15-20% undergo malignant transformation. Evidence of ulceration or
underlying induration increases the possibility of cancer. The SCCs that develop from premalignant 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?

Pseudoepitheliomatous hyperplasia is seen in long-standing chronic ulcers, typically decubitus
ulcers: it is evidenced as an epidermal thickening that may be mistaken tor neoplastic change or degen-
eration. Microscopic examination shows downward proliferation of epidermal cells associated with
mild cellular atypia and an inflammatory infiltrate with microabscesses. The condition resembles SCC
at times and may be difficult to differentiate from malignancy. 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. It is typically a well-
circumscribed, irregularly raised plaque. It has a yellowish color, and hair is distinctly absent. The
incidence of transformation to BCC is 10%.

10. BCC arises from which cells?

BCC arises from the pluripotential cells of the basal layer of the epithelium or from the external
root sheath of the hair follicle and is the most common malignancy 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 pilosebaceous follicles. BCC difters from SCC in that it does not arise from malignant
changes in preexisting mature epithelial structures; it requires stromal participation for survival. It does
not possess the cellular anaplasia associated with true carcinoma, and it almost never metastasizes.
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11. 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 follows: nose, 25.5%: cheek, 16%; peri-
orbital, 14%; scalp and temple, 1 1%: ear and periauricular, 11%; forehead, 7.5%: neck, 7%; upper
lip, 5%; chin, 2%; and lower lip, 1%.

12. List the different types of BCC.

1. Nodular ulcerative carcinoma. Lesions are usually single, occur mostly on the face, and
begin as small translucent papules that remain firm and exhibit 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 lightly pigmented, erythematous, scaly, and patchlike. They may resemble eczema or psoriasis.

3. Sclerosing basal cell carcinoma. Lesions are yellow-white, morpheaform epitheliomas with
ill-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 cell carcinoma. Lesions combine the features of the nodular ulcerative
type with a deep brownish-black pigmentation.

5. Trabecular (Merkel cell) carcinoma. This relatively new entity resembles BCC histologi-
cally and may occur as a single tumor in older people. The tumor may be epidermal, dermal, or even
subcutaneous in origin, with a microscopic picture of irregularly anastomosing trabeculae and a
rosette arrangement of deeply basophilic, uniform tumor cells. The name Merkel cell is derived from
the fact that the tumor cells contain small granules identical to the neurosecretory granules of the
epidermal Merkel cell. Tumors are aggressive and metastasize not only to local nodes but also to vis-
cera and bone. Treatment for cure is difficult but consists of surgery and radiation therapy.

6. Adnexal carcinoma. These skin malignancies 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.

13. What are the microscopic and clinical distinctions among the types of BCC?

The microscopic characteristics of the different clinical types of BCC vary considerably. All
cases show proliferation of similar cells, oval in shape with 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 forming a palisading layer on the periphery. The surrounding stroma frequently exhibits a
fibrous reaction. Microscopically, the nodular ulcerative type of basal cell tumor may show differenti-
ation toward adnexal structures; there may be a solid, cystic, adenoid, or keratotic variety. The super-
ficial BCC shows bands of basal cells in the dermis but maintains continuity with the overlying
epidermis. This lesion contrasts with sclerosing BCC, which shows clusters and clumps of basal cells
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 (normal) and duration of the tumor without growth.

14. Which biopsy techniques allow a histologic diagnosis?

Curettage is cdone under local anesthesia by scraping the tumor with a dermal curet. Tumor cell
groups are soft and often can be curettecl. Normal underlying dermis or scar tissue is hard and almost
impossible to curet. When BCC occurs in a scar or is morpheaform, it is too difficult to curet. The
difference in ability to curet aids in differentiating normal tissue from some BCCs.

Shave biopsy of the upper half of the dermis is an excellent way to reveal a recurrent tumor, be-
cause a wide area can be sampled with minimal deformity. On rare occasions, a tumor 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. In such cases, however, there is a deep-seated nodule,
and recurrence is easily recognized by tightly pulling normal or scarred overlying skin.

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

Excisional biopsy is the treatment of choice in dealing 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 valuable 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 excision as a fusiform ellipse
and primary closure.

Curettage and desiccation are best suited for lesions less than I cm in diameter and lesions
that arc 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 cartilage or bone is in-
volved, other modalities 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 cllipse positioned along the lines of least skin ten-
sion with a small perimeter (0.2-0.5 cm) of normal tissue. If margins are clear. the defect is under-
mined and the line of closure is delineated. Excessive tissue (dog ear) is excised. and closure is
carried out with the surgeon’s preferred technique.

Cryotherapy is used for small nodular or ulcerated lesions located over bone or cartilage, on the
eyelid, 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 normal tissue for approximately 30 seconds has proved eftective.
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-irradiation to a tumor site in closes of 5000 rads may
be useful, particularly around orifices (cyelids. 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 palliation.

Mohs’ fresh frozen section technique employs serial tangential excisions and is particularly
useful for the treatment of sclerosing BCC, especially in dealing 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 closures provide versatility in treating large
defects and defects over cartilage or bone. where skin grafts may result in cosmetic deformity. The
Limberg flap has replaced the simple sliding skin flap as the method of choice, particularly for large
defects of the head and neck area. The sliding subcutaneous flap is effective. particularly for the
forehead, cheek area. lips, and lower nose. Musculocutaneous flaps. including the Abbé flap,
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 well known. free flaps provide
a more effective source of skin, soft tissue. and. when indicated. bone with less donor site morbidity.

Split-thickness skin grafting is a mainstay of treatment, particularly for large defects not in-
volving bone or cartilage. Although a split-thickness skin graft can be placed directly over cartilage
and bone, even bone in the mid-fice without periosteum, the aesthetic result is compromised.
However. application of a skin graft to a defect is preferable to any delay. A skin graft over a large
area may be amenable to a tissue expansion technique several months later, allowing primary or
staged excision of the graft and resurfacing with local tissue. In most instances, the best donor sites
forskin grafts are the supraclavicular and postauricular regions.

17. What are high-risk anatomic areas for BCC recurrence?

High-risk areas for tumor recurrence include the center of the face (periorbital region. eyelids,
nasolabial fold, nose-cheek angle), postauricular region, pinna, and forehead. Recurring lesions are
most common in young womern.
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18. What are the clinical signs of recurrence?

|. Scarring with intermittent or nonhealing ulceration
. Scar that becomes red, scaled, or crusted
. Enlarging scar with increased telangiectasia in the adjacent area
. 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 clinical
types of BCC most likely 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 clinical examination. Mohs’ micrographic surgery is the mainstay of treatment.

W IN

19. SCC arises from which cells?

SCC originates from the keratinizing or malpighian (spindle) cell layer of the epithelium; it 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 osetomyelitis), cytotoxic
drugs, immunosuppressant drugs, chronic lesions, a wide variety of dermatoses, discoid lupus 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, papillomatous, 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 locally invasive, it is less likely to metastasize. The second general type is more nodular and
indurated, with rapid growth and early ulceration combined with local invasiveness and increased
metastatic tendency.

21. Where are SCCs anatomically distributed?

Compared with BCC, SCC has a slightly increased incidence on the trunk and extremities. The
lesions are distributed as follows: cheeks, 45%; nose, 13%; ear and periauricular areas, 12%: hand,
11%; neck, 10%; 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 excision and
Mohs’ micrographic surgery are the mainstays of treatment. Older patients are treated conserva-
tively. 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 cellular differentiation is a significant prognostic indicator, ranging from 7% recur-
rence for well-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 probability of recurrence. The tendency for recurrence of SCC
treated by any technique is approximately twice that for the best results 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. Microscopically con-
trolled excision (modified Mohs’ technique) is a good way to handle difficult 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?
Marjolin’s ulcer is a term used to describe SCC in previously traumatized locations such as burn
scars, healed fistula tracts, and draining osteomyelitis sites.

26. Describe the metastatic potential of SCC.

About 5-10% of lesions metastasize. SCCs resulting from Marjolin’s ulcer or xeroderma pigmento-
sum have a much greater tendency to metastasize than SCCs 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?

Perineural, lymphatic, and mucoperiosteal invasion usually indicate advanced disease and
worsen the prognosis for local cure and, in cases of SCC metastasis. The probability of cure
when SCC has spread to the mucoperiosteum of the piriform aperture is remote. When such inva-
sion is found, surgical treatment must be aggressive; wide extirpation represents the only hope
for cure.

28. When should a patient treated for BCC or SCC be clinically reexamined?

The patient should be clinically 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 its early stages result in less morbidity. 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 full-length mirror, a hand mirror, and a brightly
lit room. The following technique is appropriate:
. Examine the body, front and back, in the mirror, then the right and left sides with arms raised.
. Bend the elbows and look carefully at forearms, back of upper arms, and palms.
. Look at the back of the legs and feet, spaces between the toes and soles.
. Examine the back, neck, and scalp with a hand mirror.
. Check the back and buttocks with a hand mirror.

[, S US I NS I
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10. HEMANGIOMAS AND VASCULAR
MALFORMATIONS

John B. Mulliken, 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, manifesting as either a red patch or macule,
pale spot, ecchymosis, or telangiectasia. At a cellular level, all vascular malformations 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 slippery question is probably vascular malformation. Lymphatic
(LM) and venous malformations (VM) are often large at birth, whereas a neonatal arteriovenous
malformation (AVM) usually manifests as only a blush. Less well appreciated is the fact that, in rare
instances, hemangioma can present at birth as a large, fully grown tumor—a congenital heman-
gioma. Such a tumor must have proliferated in utero: it can be detected by prenatal ultrasonography.
Other neonatal masses mimic hemangioma and vascular malformation, such as teratoma, nasal
glioma, and sarcoma (e.g., infantile 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 MRI requires a radiologist with special knowl-
edge of vascular anomalies. For example, both hemangioma (in the proliferative 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 VM or a lymphaticovenous maltormation (LVM).
MRI examination must be complete, including gradient sequences for visualization of fast-flow ves-
sels and contrast enhancement for detection of lymphatic vs. blood-filled channels.

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

Over 90% of vascular birthmarks can be diagnosed accurately by physical examination and
history, but in some patients radiologic and/or histopathologic studies are necessary. Biopsy is 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 capillary heman-
gioma and lymphangioma). The pathologist must be familiar with a biologic nomenclature 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 proliferation within a preexisting vascular malformation.

Classtfication of Vascular Anomalies of Infancy and Childhood

TUMORS MALFORMATIONS COMBINED MALFORMATIONS

Common Slow-flow Klippel-Trénaunay syndrome

Hemangioma Capillary (CM): telangiectases (CVM) (CLVM)
Uncommon Lymphatic (LM) Parkes Weber syndrome

Kaposiform hemangioendothelioma Venous (VM) (CLAVM) (CLAVF)

Tufted angioma Fast-flow

Congenital hemangiopericytoma Arterial (AM): aneurysm. coarc-

Epithelioid hemangioma/ lation, ectasia, stenosis

hemangioendothelioma Arteriovenous fistula (AVF)
Angiosarcoma Arteriovenous (AYM)
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5. What is Kasabach-Merritt syndrome?

Contrary to what is stated in the literature, severe thrombocytopenia never occurs with
common hemangioma. This coagulopathy accompanies kaposiform hemangioendothelioma, a
more aggressive infantile vascular tumor. There are also rare cases of thrombocytopenia with con-
genital tufted angioma and congenital hemangiopericytoma. Unfortunately, the double eponym
Kasabach-Merritt has also been misapplied to a low-grade bleeding disorder that may complicate a
large venous anomaly. This disorder is more properly termed a localized 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 macular vascular birthmark. also known as angel’s kiss. salmon patch, or naevus
flammeus neonatorum. These macular patches usually fade by the first year of life. Like true heman-
gioma, they are so common as to occur fortuitously in the presence of congenital anomalies—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 signalling spina bifida occulta, i.e., lipomeningocele,
diastematomyelia, and tethered cord. Sometimes there is a tail-like skin appendage (acrochordon).
The diagnosis can be ruled out by US during the first 6 months of life; usually MRI is necessary.
This condition should not be confused with Cobb syndrome, which involves capillary 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. It is most fre-
quently seen with facial hemangioma producing minor maxillary 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 deformation of the neonatal calvaria. Hemangioma does not cause skeletal hyper-
trophy or axial elongation of a limb. In contrast, bony overgrowth. distortion, and deformation are
common problems with slow-flow vascular malformations. Bony erosion and osteolysis may occur
with fast-ITow vascular malformations.

9. Does a cavernous hemangioma regress more slowly than a capillary hemangioma?

This is a trick question, because there is no such vascular lesion as cavernous hemangioma.
Hemangioma is 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 supertficial cutaneous tumor (formerly known as “capillary”). Unfortunately, the 19th-
century term cavernous hemangioma is entrenched in medical parlance. Often it is used incorrectly to
describe venous malformation, whether in skin, hollow or solid viscera (particularly liver), 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).

11. Are phleboliths seen on plain radiography of hemangioma?
No. Phleboliths (calcified thrombi) are characteristic of VM or LVM. Rarely, dystrophic calcifi-
cation occurs in congenital hemangioma or hemangioma of the liver.

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 child probably has multiple hemangiomas (hemangiomatosis). Palpate for hepatomegaly,
investigate for early signs of congestive heart failure. and check the hematocrit for anemia. This



54 Hemangiomas and Vascular Malformations

clinical triad occurs with hemangiomas of the liver, lungs, and other viscera. Suggest hepatic US or
MRI. This is a life-threatening diagnosis. Heart failure may result from increased bloodflow 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 eyelid tumor can obstruct the visual axis, causing deprivation amblyopia and failure to
develop binocular vision. Less well appreciated is the fact that adnexal hemangioma can deform the
infantile cornea, producing astigmatism and secondary myopia. These visual distortions give rise to
anisometropia and amblyopia over a period of weeks or months. Even a small hemangioma of the
upper eyelid or supraorbital area can cause these refractive disturbances. However, it is rare for a
large hemangioma in the lower eyelid or cheek to distort the cornea. Prompt treatment is mandatory.
Options include corticosteroids (intralesional or systemic), interferon, and surgical excision. 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 usually fades by 5 years; however, hemangiomas continue (o shrink there-
after. Regression is complete in 50% of children by age 5 years and in 70% by age 7 years.
Improvement continues in the remaining children until age 10-12 years.

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

Flashlamp pulsed-dye laser penetrates skin to a depth of 0.75 mm. Hemangioma often begins as
a field transformation—the tumor is deeper than 0.75 mm and more extensive (radially) than ini-
tially appreciated. Thus, a cutaneous hemangioma, programmed to remain superficial and small, can
be successfully 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 fails to respond to 2 weeks of oral corticosteroids,
given at 2 mg/kg/day, should the dosage be increased or administered intravenously?

No rigorous published evidence indicates that an unresponsive hemangioma will respond to a
higher dosage or intravenous administration. In 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 will 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
will be well-hidden or (2) the scar will be the same length and quality if the resection were to be done
at a later age. Involuting 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 child.

18. Which of the following characterize Sturge-Weber syndrome: (a) port-wine stain in V,,
distribution; (b) choroidal angiomatosis; (c) leptomeningeal vascular anomalies; or (d) skele-
tal and fibrovascular hypertrophy?

The correct answers are (c) and (d). Capillary malformation (port-wine stain) of V,, neurotome
alone is not associated with Sturge-Weber syndrome. The at-risk distributions are V. V, and V,, or
\Y . V,, and V3. Vascular changes of the choroid (so-called tomato catsup fundus) consist of tortuosity
and dilatation of choroidal vasculature, a malformation rather than angioma (i.e.. there is no endothe-
lial proliferation).

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

Midline capillary stain is a cutaneous signpost that requires investigation. For example, a con-
genital stain of the occiput, often with a central tuft of dark hair (hair collar sign) may be associated
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with underlying craniodural defect (encephalocoele). A stain in the lumbar area requires radi-
ographic assessment for spinal dysraphism (see question 7).

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

The process is called selective photothermolysis. 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 psec 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 red blood cells
in the ectatic vessels. The absorbed light is released as heat, damaging the red cells, perivascular
wall, and perivascular collagen. Histologic studies show that pulsed-dye laser produces selective in-
travascular and perivascular coagulative necrosis, seen clinically as purpura. One month later, micro-
scopic study shows a diminished number of dermal ectatic vessels, resulting in a more normal
cutaneous hue. With dark skin types, laser treatment can cause damage to melanocytes in the basal
epidermis, resulting in hypopigmentation.

21. What is the significance of a prenatal ultrasonographic finding of a dorsal midline cervic-
ocephalic lymphatic anomaly?

So-called lethal midline cystic lymphatic malformation is easily diagnosed by US as early as
12—14 weeks of gestation. A thin-walled. multiseptated cystic mass is seen in the posterior aspect of
the fetal head and nuchal region, usually associated with fetal hyclrops. Amniocentesis for karyotyp-
ing is essential for parental counseling. Over one-half of these fetuses have Turner syndrome (XO);
othercommon aneuploiclies are trisomy 13, 18, and 21. Terathanasia (spontaneous elimination of a
defective embryo) is common.

22, Does either lymphangioma or cystic hygroma spontaneously regress by adolescence?

No. Lymphangioma and cystic hygroma are quaint 19th-century terms for microcystic and
macrocystic LM, respectively. Reported cases of spontaneous diminution in the size of lymphatic
anomalies are extremely rare and probably result from rapid deflation, 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. Isinjection of OK-432 currently the best therapy for LM?

OK-432, an agent made from killed streptococcal protein, is believed to be an immunologic
stimulant. It is currently in limited clinical trial and has not been approved by the FDA. Like the
sclerosants (e.g., ethyl alcohol, tetracycline, Ethibloc), OK-432 can be effective in shrinking macro-
cystic LMs but is relatively ineffective for microcystic LM.

24, Issurgical resection the best treatment for VM?

With the exception of small, well-localized venous anomalies, surgeons should stand behind the
interventional radiologists in the therapy of VMs. The lirst-line strategy is direct injection of sotra-
chol (1% or 3%) for small lesions or ethyl alcohol (100%) for large anomalies. After sclerotherapy.
surgical resection is easier and more likely to be successful. Flashlamp pulsed-dye laser can destroy
a small, superficial VM. Neodynium-YAG laser can be used for larger VMs, but scarring is common.

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

VM does not cause disseminated intravascular coagulopathy (DIC). The coagulopathic pattern is
similar to DIC (i.e., low fibrinogen, elevated prothrombin time, activated partial thromboplastin time,
and D-dimer), but the mechanism is different. A large VM 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) Klippel-Trénaunay, (d)
Parkes Weber, or (d) Rendu-Osler-Weber (hereditary hemorrhagic telangiectasia)?
Bonnett-Dechaume-Blanc syndrome is a telangiectatic facial birthmark with intracranial AVM
involving the mesencephalon. Patients with Sturge-Weber syndrome typically have capillary 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, mucous membranes, lungs,
and abdominal viscera. Although microscopic AVFs are sometimes documented in the lateral thigh
of patients with Klippel-Trénaunay syndrome, this disorder is primarily a slow-low, combined mal-
formation. Parkes Weber syndrome is characterized by multiple AVFs, usually involving a limb.

27. What is Maffucci syndrome?

Unfortunately, physicians continue to use the term /iemangioma in a generic sense by referring
to Maftucci syndrome as hemangiomas in association with enchondromas. The vascular anomalies
in this rare disorder are venous in type. Patients may develop spindle cell hemangioendotheliomas,
painful, benign vascular proliferations in preexisting malformed vascular tissue, typically in the
limbs. Patients with Maffucci syndrome have a predilection to develop various malignancies.

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 mucosal, cutaneous, and visceral AVMs.
HHT is caused by mutations in two genes that code for endoglin (9q) and activin receptor-like kinase
(12q). A point mutation in TIE 2, an endothelial receptor tyrosine kinase on chromosome 9p, has
been found to segregate in two unrelated families with autosomal dominant mucocutaneous venous
malformations. Glomangiomas are familial, but the causative gene has not been located. In rare in-
stances, capillary malformation (CM) can be inherited as an autosomal dominant trait.

29. Which are more frequent, intracranial or extracranial AVMs?
Intracerebral AVMs are 20-f'old more common than extracerebral AVMs.

30. Should an AVM be treated by embolizing the feeding arteries?

No. Embolization should be through the feeding arteries and into the nidus (epicenter) of the AVM.
Proximal embolization of a feeding vessel is justas injurious as proximal ligation, causing collaterals to
form with expansion of the AVM. The majority of experienced interventional radiologists agree that
“cure” by embolization is unlikely unless the AVM can be subsequently and completely resected.
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11. PRINCIPLES OF CRANIOFACIAL SURGERY

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

1. Whatis the specialty of craniofacial surgery?
Craniofacial surgery is plastic surgery of the cephalic extremity, including the skull, the face,
and, in particular, the orbit. Paul Tessier, the pioneer of craniofacial surgery, defined the field as
orbitocentric. It 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 detformities. 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 adult patients.

Types of Craniofacial Pathology

CONGENITAL ANOMALIES POSTTRAUMATIC DEFORMITIES DEFECTS AFTER TUMOR ABLATION
Craniosynostosis and Frontoorbitonasoethmoidal All tumors of the anterior base of
faciocraniosynostosis fractures the skull
Facial clefts and related Le Fort fractures (especially Fibrous dysplasia
hypertelorism Le Fort III fractures)

Hemifacial microsomia

Craniofacial syndromes

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 | of 2200
live births. Conversely, a rare laciocraniosynostosis, such as Apert’s syndrome, is likely to appear
in | of 150,000 live births. Although some cases of craniosynostosis are clearly familial, most are
sporadic.

5. What is the pathogenesis of craniosynostosis?

Premature fusion of the sutural system of a growing skull 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 Virchow predicts compensatory calvarial growth in a direction parallel to the af-
fected suture.

6. How is craniosynostosis classified?
Classification is based on the affected suture and its associated morphologic deformity:

Morphologic deformity Affected suture
Trigonocephaly Metopic suture

Scaphocephaly Sagittal suture

Plagiocephaly Unilateral coronal suture
Brachycephaly Bilateral 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, 1982, with permission.)

7. What is the main feature of faciocraniosynostosis compared with craniosynostosis?

In addition to the skull deformities, the facial involvement in pure craniosynostosis is limited to
the forehead and orbital regions (hypo- or hypertelorism). In addition, faciocraniosynostosis is asso-
ciated with midface hypoplasia characterized by centrofacial retrusion with a class Il intermaxillary
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 skull is different and the
functional consequences, such as increased intracranial pressure (ICP) or visual impairment, 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 visual loss and brain
impairment.

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

Frontal advancement before | 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 abnormalities and in
all 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 mobilized separately, these components are joined by resorbable or nonresorbable
fixation. Reconstructive goals are tailored to the particular type of synostosis:

[. Symmetric advancement in brachycephaly

2. Asymmetric advancement in plagiocephaly

3. Anterior rotation and Z-plasty in oxycephaly
. Widening in trigonocephaly

~

14. Compare the growth of the brain and skull in the first 2 years of life.
The size of the brain doubles in the first year of life. The anterior base of the skull has reached
70% of its adult size by 2 years of age, whereas the cranial capacity has expanded fourfold since birth.

15. What s the main factor responsible for frontal sinus growth after frontocranial remodeling?

The degree of frontoorbital advancement has a significant effect on postoperative sinus growth.
The degree of frontal sinus pneumatization correlates inversely with the amount of supraorbital bar
advancement.

16. What complications are associated with craniofacial surgery? How can they be prevented?

Craniofacial surgery combines the disciplines of plastic surgery and neurosurgery. The compli-
cations of craniolacial procedures are mainly neurosurgical and necessitate postoperative manage-
ment in specialized intensive care units. The perioperative mortality rate remains approximately 1%,
depending on the types of procedures performed. The main complications include bleeding, coma,
blindness, meningitis, intracranial hematoma. and hydrocephalus. Additional morbidity may result
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.
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12. CLEFT LIP
D. Ralph Millard, |r., M.D., F.A.CS., Hon. F.R.C.S.(Edin), Hon. FR.C.S.,O.D. Ja.

1. Whatis the cause of a cleft of the lip and palate?
Before the first trimester of pregnancy, the five facial elements—the frontonasal, two lateral
maxillary, 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 clefts) results.
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2. What is the cause of clefting in a specific case?
The cause in specific cases is not known. but genetics, viral infection. lack of certain vitamins.
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: it is distortion of the anatomy that may
involve the lip, nose, septum. vomer, alveolar segments, levator palati muscles, and other structures.

UNILATERAL CLEFTS

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

5. Summarize the evolution of unilateral cleft surgery.
For patients with a unilateral cleft lip. early surgeons merely freshened the edges of the lip cleft
and approximated them with sutures. Later attempts were made to lengthen the lip on the cleft side
with local flaps.

6. What is the Mirault-Blair-Brown method of lip repair?
The lip 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 side is inset into a releasing incision on the noncleft side to
create an artificial 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 philtrum dimple.

9. What is the rotation-advancement method?

The distorted anatomy of the unilateral cleft of the lip is corrected by a rotation incision that re-
leases lip tissue, 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 philtrum
column position and what philtrum dimple is present is preserved as such (See figures. next page.)

10. What are the most common mistakes made in the rotation-advancement method?

1. Inadequate rotation due to failure to cut back on the rotation incision.

2. Inadequate use of the lateral advancement (1ap by failure to pare the cleft edge sufficiently.

3. Failure 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 philtrum
column.

5. Too much reduction of nostril size in incomplete clefts.

11. What are the recent advances in unilateral cleft lip surgery?

Presurgical orthodontics using the Latham appliance to align the alveolar segments carefully 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 definitive lip and nose construction can be accomplished much sooner.

12. At what age are the various stages of lip construction accomplished?
1. When the patients weighs 10 pounds. the Latham appliance is inserted. and the parents turn
the screw daily until the segments are in alignment.



62 Cleft Lip

Millard rotation-advancement unilateral cleft lip repair. A, Points I, 2, and 3 mark the residual Cupid’s bow on the
mucocutaneous junction. The rotation incision pares the edges of the cleft from point 3 to the base ol the columella.
This distance usually measures 4-5 mm compared with 10 mm on the normal (noncleft) side. B. The rotation inci-
sion hugs the columella 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 lip. C. The backcut is placed in the lip at 90°, running
medial and parallel to the normal philtrum column. When carried through the skin, muscle, and mucosa, this inci-
sion releases another 3 mm. This maneuver achieves the total of 10 mm required to match the normal side and
places the Cupid’s bow in balanced position. (From Millard DR Jr: Cleft lip. In McCarthy JG (ed): Plastic
Surgery. Philadelphia, W.B. Saunders, 1990. p 2637, with permission.)

314a=7106
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Millard rotation-advancement unilateral cleft lip repair. A, Flap C is transposed into the backcut and sutured to add
length to the columella. B, The highest point of the lateral lip is marked at point 6. where a transverse incision will
free the lip from the flared alar base. Because the pared edge ol the advancement flap must match the rotation in-
cision (3 to 4), point 7 is marked along the free edge sothat 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 lip 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
7sothat 2to S =710 8. C, Flap C has been sutured into the backcut. The alar base is released from the lip. The
height of the lateral lip (10 mm) equals the rotation of [0 mm, thus matching the bow peak-to-columella base of 10
mm on the noncleft side. D, The bunched muscle of the lateral lip element is freed generously from the skin and
mucosa so that with muscle approximation across the cleft there is no residual muscle bulge. The tip 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. -, After the alar cinch suture and the key lip suture have becen tied, the tis-
suesare in correct position and require only three-layer closure ol the mucosa, muscle, and skin. (From Millard DR
Jr: Cleftlip. In McCarthy JG (ed): Plastic Surgery. Philadelphia, W.B. Saunders. 1990. p 2638, with permission.)
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2. When segments are in alignment and 2-3 mm apart (after 2-4 weeks), the appliance is re-
moved. Two to three days later the gingivoperiosteoplasty and lip adhesion are performed.

3. At 67 months of age the rotation-advancement of the lip is carried out; the nasal correction
is done at the same time.

4. At 18 months the remaining cleft of the hard and soft palate is closed with the von
Langenbeck method or in some cases a Wardill-Kilner V-Y or unilateral V-Y method, depending on
the defect. Minor lip and nose deformities can be improved at this time.

13. Why is the lip adhesion used?

Before the development of presurgical orthodontics, lip adhesion served as a crude orthodontic
molding action. After alignment of the alveolar segments and closure of the alveolar cleft, the lip ad-
hesion provides a gentle dressing with the least tension during healing. It also turns a wide complete
cleft 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 unilateral short columella is lengthened with a C-flap.

2. Deviation and distortion of the septum are corrected during presurgical orthodontics.

3. Dislocation and slumping of the alar cartilage are corrected by dissecting the medial two-
thirds of the alar cartilage and then constructing the medial crus with 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 positions, creating
a symmetrical Cupid’s bow.

2. Rotation and advancement position the scar of union along the philtrum column line and pre-
serve the integrity of the philtrum 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 result.

5. When the method is not done correctly, it is still possible to achieve a satisfactory secondary
result without great difficulty. The rotation-advancement method avoids the interlocking of little
flaps that are impossible to unscramble.

BILATERAL CLEFTS

16. What are the specific deformities in a bilateral cleft?

I. In the complete bilateral cleft the premaxillary vomer segment has not fused with the lateral
maxillary segments so that the premaxillary 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 columella. 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 are dislocated from their mates in the tip and slump
along the alae; and the columella is short to nonexistent, which causes the nasal tip to be depressed.

17. What one aspect of the bilateral cleft is sometimes an advantage?
Symmetrical bilateral clefts at least have symmetry. Asymmetric bilateral clefts vary in their
symmetry.

18. Summarize the evolution of bilateral cleft surgery.

I. To ease bilateral cleft lip closure, early surgeons amputated the premaxilla, which produced
an oral cripple.

2. Early surgery by Brophy used a circumferential wire to encircle the three maxillary elements
and crunch them together to facilitate cleft lip closure. This technique affected normal maxillary



64 Cleft Lip

growth—a problem discovered and criticized by Pruzansky. Berkowtiz, a student of Pruzansky, still
harbors fear of early surgery.

3. Closure of the lip over the premaxillary prominence caused ventroflexion of the septum.

4. Modern alignment of these segments is designed to ease the premaxilla back into the arch,
much like sliding a drawer. Many surgeons use presurgical orthodontics to align the maxillary seg-
ments. Georgiade and Latham devised a method of retracting the premaxilla. Latham later refined the
method with two-pin and chain traction on the projecting premaxilla, along with bilateral spreading of
the collapsed lateral maxillary segments, to achieve a reasonable atraumatic alignment 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 allows bone to grow across
the cleft and avoids the need for later secondary bone grafting.

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

21. Can this risk be avoided?
As experience with this orthopedic approach increases, the premaxillary retrusion can be pre-
vented, reduced, and certainly corrected, often with mere orthodontic treatment.

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

1. Obliteration of fistulas.

2. Creation of a bony bridge across the cleft that later will accept teeth and avoids the need for
secondary bone grafting.

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 lip 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 requires skin lengthening
(Carter, Cronin).

2. Some surgeons have devised methods to achieve columella length from above (Mulliken,
Trott, Mohan).

25. What is the best method of action?

1. In patients in whom some columella is present and in races that require minimal columella
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 lip.

3. In patients with little or no columella, a forked flap taken from excessive prolabium skin and
scar will provide the extra skin to release the depressed nasal tip.

26. How is the forked flap used?

1. The forked flap can be used as a secondary procedure to narrow a wide prolabium, to revise
bilateral lip scars, and to construct a columella.

2. The flap can be taken from the prolabium after [-2 years of stretching and banked in whisker
position under the alae before it is advanced into the columella. This advancement is best done at
about 4 years of age. At this time the alar cartilages can be freed and joined to each other in the tip to
reconstruct the medial crura. The alar bases can be cinched for final correction of the bilateral nasal
deformity.
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27. How is the lip of a bilateral 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 vermilion. This technique provides several bonuses. The unnat-
ural prolabium vermilion is turned out of view, and a natural looking Cupid’s bow is created that
helps to camoutlage the bilateral deformity.

At the time of palate closure at 18 months the prolabium has usually stretched enough to spare
easily a forked flap that is banked in the whisker position beneath the alae. At the time of advance-
ment of the banked forked flap from whisker position at 4 years, the nasal tip is released, the alar
cartilages are freed and sutured to reconstruct the medial crura, and the columella is lengthened.

Millard bilateral cleft lip repair. A, The philtrum is
outlined with a turndown flap ol prolabial vermillion:
the lateral prolabial tissues become the forked (laps.
Circumalar marks design the alar base flaps: lateral lip
marks show the turndown of vermillion 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 lip has been approximated, a slight excess of Turned down
vermillion flaps creating a tubercle. The fork fTaps are ,;7‘%05”"/
sutured endl-on to the alar base flaps: their raw sur-

faces are approximated to form a mound in the floor

of the nose for future columella lengthening. (From

Millard DR Jr: Cleft lip. In McCarthy JG (ed): Plastic

Surgery. Philadelphia, W.B. Saunders, 1990, p 2684,
with permission.) /

C~ -

28. What is important to the future treatment of clefts?
Genetic engineering probably will have more impact in preventing the deformity than in utero
surgery in correcting the deformity.
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13. CLEFT PALATE

Peter Randall, M.D., Don La Rossa, M.D., Marilyn Cohen, B.A.,
and Ghada Afifi, M.D.

1. What s a cleft palate?
It is a failure of the two halves of the roof of the mouth, or palatal shelves, to join in the midline
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 site where the lateral
maxillary bones meet the midline premaxilla. A cleft lip usually involves structures anterior to the
incisive foramen, such as the alveolus, lip, 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 prepalatal struc-
tures. They may be cleft unilaterally or bilaterally.

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 maxilla that includes the nasal spine and four in-
cisor teeth. It is located centrally 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 lip and palate, which is seenmore often
in boys than girls, predominantly on the left side. The hereditary incidence is fairly high. The next
most frequent cleft-—of the palate alone—is seenmore frequently in girls; the hereditary incidence is
fairly low. In Caucasians, the incidence is approximately 1.4 per 1,000 live births; in blacks, it is ap-
proximately 0.43/1,000; and in Asians, it may be as high as 3.2/1,000. Actually, 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 clefts or clefts of the primary palate also should be described as unilateral (right
or left) or bilateral; they may be described even further as involving one-third, two-thirds, or three-
thirds (complete) of the lip. Similarly, 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 fail to fuse completely
in the midline, usually 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 bilobed uvula or a completely split uvula.

A bifid uvula, seen in 2% of the normal American population, may be associated with palatal
incompetence; patients should be followed for possible speech problems. A congenital absence of
the muscularis uvulae also may occur with or without a bifid uvula and is often associated with
palatal incompetence.

—— Nose —_—

—— Nasal floor —e

- Lip —a

. 5 e 5 . SR Alveolus —=—,
Millard’s modification ol Kernahan’s and Elsahy’s striped 3 7

Y classification for cleft lip and palate. The small circle in-
dicates the incisive foramen: the triangles indicate the
nasal tip and nasal floor. (From Randall P: Cleft palate. In Hard | palate
Smith JW, Aston SJ (eds): Grabb and Smith’s Plastic 4 8
Surgery, 4th ecl. Boston. Little. Brown, 1991, p 291, with
permission.)
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6. What is the etiology of cleft palate?

Cleft palate is believed to be a multifactorial defect; a cleft can be caused in many different
ways. A high incidence of clefts in some families suggest a genetic etiology. Clefts may be associ-
ated with syndromes such as Stickler’s syndrome, velocardiofacial syndrome, fetal alcohol syn-
drome, DiGeorge syndrome, and trisomies. Experimentally, clefts 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 smoking. Other factors probably
exist. In any one case, it is usually difficult to identify one cause.

7. How does a primary or prepalatal cleft form?

Primary clefts result from a lack of mesenchymal development. The mesenchymal islands—one
central and two lateral—normally develop and fuse. Lack of development of one of the three islands
results in an unstable condition with ectoderm of the skin in contact with ectoderm 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 lie almost vertically. Normally, the neck
straightens from its [lexed 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 12 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 side. This may account
forthe greater incidence of left-sided clefts.

9. What is Simonart’s band?
A cleft of the primary palate is often bridged by a band of lip tissue—Simonart’s band. Some
regard this band of tissue as the result of a healing process after breakdown of the lip elements.
Others propose that Simonart’s band may result from partial formation of the epithelial wall.

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.

Levator palati m.

A Hard palate

The levator muscles pull approximately 45° superiorly and posteriorly. A, At rest. B, Alter contraction. (From
Randall P, LaRossa D: Clelt palate. In McCarthy JG (ed): Plastic Surgery. Philadelphia, W.B. Saunders. 1990, p
2727, with permission.)

11. Do any other muscles 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 walls 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 midline 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 intravelar veloplasty?

Kriens first emphasized the abnormal orientation of the levator palatini muscles and the need to
detach them from their abnormal insertion and reorient them in a transverse direction. Suturing the
muscles in an overlapping fashion rather than end to end produces a tighter levator sling.
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Aponeurosis
Hamulus

Aponeurosis

Tensor m.

Levator m.

Uvulus m.

Musculature of the soft palate. A, Normal musculature. The levator muscles are oriented transversely and insert
in the palatine aponeurosis in the midportion of the soft palate. B, Cleft musculature. The levator muscles are ori-
ented more lontigudinally and insert on the posterior edge of the palatal bone and along the bony cleft edges.
(From Randall P, LaRossa D: Cleft palate. In McCarthy JG (ed): Plastic Surgery. Philadelphia. W.B. Saunders,
1990, pp 2726 and 2730. with permission.)

14. What is Passavant’s ridge?

During gagging. the forceful contraction of both the levator palatini 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.

15. How can a mother know if her child has a cleft palate?

The cleft was probably first identified by the obstetrician or pediatrician. The mother may or
may not directly observe the cleft; instead, her only clues may be the child’s poor-to-absent ability to
build suction along with regurgitation of milk into the nose. Some clefts also may be detected prena-
tally by ultrasound even belore 18 weeks’ gestation.

16. How should a mother feed a child with a cleft palate if the child cannot suck?

Most children born with a cleft demonstrate normal sucking motions, but the mother should
know that the prime difliculty is inability to build up adequate suction. Usually the ability to swallow
is not impaired. The child should be held in a head-up position at about 45° and usually can be
bottle-fed with a preemie nipple that has additional cross-cuts in the end. A plastic bottle that can be
squeezed or a bulb syringe with a nipple can deliver too much milk and cause choking. The baby can
be expected to swallow more air and to need more burping, but with good delivery of milk a long
time should not be required for each feeding. Regurgitation through the nose may be expected be-
cause of the deficiency of the palatal midline tissues.

17. Who should evaluate a newborn with a cleft palate?

Ideally, a newborn with a cleft should be seen by the surgeon who will ultimately 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 advisable so that parents may identify the respective roles of each;
hence early intervention is facilitated. Instructions for adequate feeding and airway protection are
most important. Introduction to parental support groups is also helpful.

18. What disciplines should be available on a cleft palate team?

The team should include a pediatrician, a surgeon experienced in cleft management, a speech
pathologist, a pediatric otolaryngologist. a well-versed orthodontist, a pediatric dentist, and an audi-
ologist. The team also should have access to a geneticist, a prosthodontist, an ophthalmologist, a
clinical psychologist and/or psychiatrist, a physical anthropologist, a social worker. and a nurse ex-
perienced in cleft problems.
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19. What are the ma jor sequelae of an unrepaired cleft palate?

Initially, the main problems are an inability 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 falls backward, causing inspiratory obstruction as in Pierre Robin sequence. Speech
may be significantly affected in the unrepaired or repaired incompetent palate, including hypernasal-
ity with vowel sounds and distortion 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 performed between 6 and 9 months of age. Some data
indicate a slight 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 18 months of age.

21. What is the benefit of earlier closure?

The greatest benefit is better speech. Even with babbling, a child is learning to articulate. If
speech develops before closure of the palate is complete, the child usually has difficulty in building
up pressure {or the production of sounds such as P and T. He or she will haveevenmoretrouble con-
trolling sustained pressure for the production of sounds such as S and SH. As aresult, the child may
develop speech in which these sounds are missing or distorted. Alternatively, the child may develop
what is called compensatory articulation, such as the glottal stop and pharyngeal fricative.

22. What is the von Langenbeck operation?

Described in 1859, the von Langenbeck operation remains a reliable method of cleft palate repair.
It involves elevation of large mucoperiosteal flaps from the hard palate with midline 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 is
repaired in the midline. 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 elevated. C. The nasal mucosa is closed and the muscles sutured together after detachment tfrom their in-
sertion. D, The oral closure. (From Randall P, LaRossa D: Cleft palate. In McCarthy JG (ed): Plastic Surgery.
Philadelphia, W.B. Saunders, 1990, 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 side is included in
the posteriorly based oral mucosal Z-plasty, whereas the levator muscle from the opposite side is
included in the posteriorly based nasal mucosal Z-plasty flap (see figure. top of next page). The
hard palate cleft is closed using a vomer flap (see question 25). This procedure reorients the malpo-
sitioned levator muscles, permits overlap of the muscles, and produces some degree of palatal
lengthening.

24. What is the Wardill-Kilner-Veau operation?

The Wardill-Kilner-Veau operation is a V-Y advancement of the mucoperiosteum of the hard
palate, designed specifically to lengthen the palate in the anteroposterior plane at the time of primary
palatoplasty. As a result of the V-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 mucosal Z-plasty flaps are elevated. C,
The nasal mucosal closure. D, The oral mucosal closure. The soft palate has been lengthened and the levator
muscles properly oriented. (From Randall P, LaRossa D: Cleft palate. In McCarthy JG (ed): Plastic Surgery.
Philadelphia, W.B. Saunders, 1990, p 2740. with permission.)

from which the flaps were advanced. These areas granulate and epithelialize within 2-3 weeks but
remain areas of fibrous scar and may contribute to subsequent maxillary growth disturbances.

The Wardill-Kilner-Veau operation. A, Flap design. B, V-Y lengthening leaves an exposed bare area of bone after
closure. (From Randall P, LaRossa D: Clelt palate. In McCarthy JG (ed): Plastic Surgery. Philadelphia, W.B.
Saunders, 1990, 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 bilateral 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 maxillary 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 children (age 15 years and older) in
developing countries, for example, can be managed with a prosthesis if dental services are available.

27. What is velopharyngeal incompetence (VPI)? How soon after surgery should a child be
evaluated for VPI?

VPl is the inability of the soft palate to make contact with the posterior pharyngeal wall (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 continue through puberty.
Usually, incompetence can be diagnosed by 4 or S years of age and occasionally earlier.

28. Who should decide to operate on an incompetent palate?

This decision 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 incompetence, if
surgery is contemplated, dynamic assessment of palatal function is usually advisable. Assessment can
be done through multiplane videofluoroscopy or nasoendoscopic examination. Additional studies of
pressure flow or objective nasal resonant measurement also may be helpful.

29. What canbe 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 minimal incompetence, a palatal
lengthening operation or a procedure to advance the posterior pharyngeal wall may be advised.
Some cases may be managed with a prosthesis that simply lifts the palate into a more competent po-
sition to permit velopharyngeal closure or obturates the defect.

30. Why do children with palatal clefts have ear problems?

The levator veli palatini and tensor veli palatini muscles insert to some extent on the eustachian
tube. Both are probably responsible for competence of the tube in preventing reflux from the na-
sopharynx into the eustachian tube as well as for opening the tube to equalize pressure in the middle
ear. With impaired ability to equalize middle ear pressure, infants with clefts usually have fluid in
the middle ear space, which soon becomes thick and viscous. Untreated, this condition leads to an
increase in the incidence and severity of otitis media. Treatment consists of myringotomies, evacua-
tion of the fluid. and insertion of indwelling ventilating tubes as well as vigilance for otitis media.
Palate repair seems to reduce ear problems, but children whose ear problems have been neglected
frequently have a high incidence of permanenthearing loss.

31. What is the likelihood of a cleft in another child from the same parents?

The likelihood depends on a number of factors, but generally, if there is no known teratogen or
first-degree relative with a cleft, the likelihood in the Caucasian population is about0.14%. If a first-
or second-degree relative has a cleft, the likelihood increases to about 5%; if two first- or second-
degree relatives have a cleft, it increases to 15-25%.

32. Is there a way to decrease the incidence of clefts?

Other than avoiding exposure to known teratogens, the answer is not clear. Folic 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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14. ORTHODONTICS FOR ORAL CLEFT
CRANIOFACIAL DISORDERS

John L. Spolyar, D.D.S., M.S.

PASSIVE PROSTHETICS (NEONATAL PERIOD)

1. What is a passive infant oral prosthesis?

An infant oral prosthesis is a passive device much like a denture without teeth that covers and
follows the anatomic outline of the hard palate and its defect. To maintain position 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 surtaces of the nasal cavity and vomer. The prosthesis is routinely
made from polymerized methyl methacrylate (acrylic).

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 while providing a
tactile 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-
cilitates proper physiologic resting posture for the tongue with tip forward.

3. Does a prosthesis affect growth?

After surgical lip repair in cases of complete unilateral cleft lip/palate (UCLP) and bilateral cleft
lip/palate (BCLP), medial displacement of the cleft segments is inevitable. A passive prosthesis, es-
pecially with proper nasal extension, prevents medial relocation of the cleft segments and provides
normalized maxillary displacement growth in width achievement. Preventing medial collapse and
promoting maxillary transverse growth have positive effects and serve to optimize oral volume,
nasal respiration. dentoalveolar segment alignment, facial development. and overall anatomic bal-
ance. Perhaps the best potential growth and facial skeletal development is achieved by integrating
passive prosthesis stabilization with rehabilitation protocols.

4. When is the prosthesis worn?

A prosthesis is best used as early as possible in the neonate’s life—perhaps before the initial
repair to facilitate feeding. If provided in coordination with the initial repair, a prosthesis is best left
in place for -2 weeks before daily removal for cleaning. The appliance is best used on a full-time
basis until a few weeks betore palatoplasty, when it is used only during feeding. Appliance cleaning
more frequent than daily may be indicated during upper respiratory tract infections that obstruct the
nasal port because of mucous drainage.

73
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5. How long does it 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 alveolar contacts.
Generally, once the weight of the infant doubtes, effective appliance 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 remodeling growth easily exceeds the passive resistance of the appli-
ance. With appliance adjustments over the alveolar extensions, normal development should proceed
without restriction.

PRESURGICAL ORTHOPEDIC CORRECTION (NEONATAL PERIOD)

7. What is 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 maxillary components are distorted and ab-
normally positioned. The overlying soft tissue mirrors the skeletal deformity and gives the rec-
ognizable pattern of deformity in UCLP and BCLP. The objectives of POC are to reposition
displaced basal segments and to realign soft tissue margins of like kind before corrective surgery is
performed.

9. What problems attend oral cleft treatment without POC?

* Lip closure alone does not reposition the maxilla and premaxilla in BCLP or pull the cleft
maxillary segment forward in UCLP well enough for closure of the cleft.

« Lip repair alone does not reposition the maxilla forward in BCLP to provide a full midface or
pull the cleft maxillary segment forward in UCLP to balance the malar and alar bases or
reduce the stigmatizing “crooked face.”

* A protruded premaxilla at the base of the columella makes columellar lengthening and nasal
tip 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 § years old.

10. What are the benefits of POC?

* A better platform is produced for the lip and nose as well 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 lip over the deformity to mold the distorted parts.

* Dissection of mucoperiosteum at the edge of the cleft facilitates a two-layer closure without
tension.

« Alveolar integrity is established to facilitate dental development.

* Closure of the hard and soft palate is facilitated.

* An intact primary palate is achieved at an early age.

« Gingivoperiosteoplasty can be done with or without primary bone grafting.

* A normal maxillary arch without fistulas is achieved with early secondary palate closure. Early
“fork-flap™ columellar surgery is possible in BCLP and may produce a good nose and lip.

* An intact oral cavity without fistulation is routinely established well within the first year of life
with a clearly improved possibility for intelligible speech to follow.

11. What are the various techniques used in POC?
The techniques are best grouped by type of device retention as either passive or fixed
(pinned).
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12. What techniques use passive retention?

[. In the 1950s McNeil and Burston used a passive oral prosthesis and external facial or head
straps to effect segment repositioning and remodeling.

2. A T-shaped extraoral traction device is applied to the nostril on the normal side in UCLP
cases. The design tactic is to use transverse traction to correct the midfacial asymmetry and to mini-
mize the posterior retraction forces on the developing maxilla.

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 maxilla and premaxilla.

13. How effective are passive techniques?
The results are variable in regard to achieving treatment objectives. All of these early techniques
share the following disadvantages:
* Inconsistency and difficulty with patient compliance
* Incomplete control of directional mechanics best directed at the orthopedic deformity
 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?

1. In 1957 Hagerty first reported the use of pins to retain an expandable stainless steel bar in
cleft palate treatment.

2. In 1965 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 1970s and 1980s by Georgiade and
Latham. BCLP was treated with a coaxial mechanism that expanded the maxillary base and reposi-
tioned the premaxilla 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 premaxilla.

4. In 1980 Latham reported the treatment of UCLP with a device for orthopedic advancement
of the cleft maxillary segment. It was much like the maxillary base device used today.

15. How effective are pinned techniques?

Results are highly consistent in achieving treatment objectives with the attending benefits and
advantages described above. The disadvantages include the following:

* Device placement requires a hospital operating room (OR).

« Pinned techniques are more expensive than passive retention POC.

16. How is POC used in UCLP and BCLP treatment?

1. Soon after birth an impression is obtained, and the maxillary 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 maxillary base device is retained by four channel-locking pins, two on each side, which
pass through the acrylic base material into the palate for intraosseous fixation.

4. For cases of BCLP, a staple is placed through the bony septal structure of the premaxilla to
connect respositioning chains.

17. How does the UCLP device produce orthopedic correction?

1. Once the device is in place, a drive screw is activated one-half turn (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 until, by design, no further
turning of the screw is possible. The segments should be well aligned 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 (B) 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 cleft 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 the device (up to 14 mm).

2. A resting period of 2-3 weeks allows dissipation of any residual load (strain) that builds up
after applying the active force (stress).

3. If the device is applied by age 4 weeks, the first reconstructive surgery can be done at age
3 months.

19. How does the BCLP device produceorthopedic correction?

1. 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 cleft segment) at a time. As instructed, activation
once or twice a day by the parent at home or. perhaps better, one full revolution by the physician
during weekly follow-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 septal staple translation without
orthopedic effect and possible failure.

3. The patient is observed on a regular basis until the case is fully corrected with proper max-
illa-premaxilla segment alignment and 0—2 mm of space at each cleft defect.

BCLP pinned POC base device can be ex-
panded, enabling lateral segment place-
ment to it the premaxilla. The expansion
screw at the drive box is activated trom the
front of the mouth. The device also acts as
a base appliance for maxillary protraction
in response to the coupling force for pre-
maxillary retraction. Bilateral elastic chains
attached to the premaxilla pass around a
roller (not shown) under the drive box and
then proceed forward and laterally to hook
onto buttons for tensioning at the head of
cach 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-
maxillary protrusion, size of the premaxilla, age of patient, and rate of activation.
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2. A resting period of 2-3 weeks allows dissipation of any residual load to reduce rebound.
3. If the device is applied by age 4 weeks, the first reconstructive surgery can be done at age
3—4 months.

21. What are the significant treatment effects in BCLP?

The single most important response is forward maxillary repositioning to achieve premaxillary-
maxillary alignment. The premaxilla 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. Maxillary forward translation in BCLP is about twice normal during
the active phase of treatment.

24. Does pinned POC treatment adversely affect maxillary growth?
No.

ORTHODONTIC MANAGEMENT
Primary Dentition (Age 3-6 Years)

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 positively influences postural and vegetative functions, occlusal function, facial
growth, speech, 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 formation; to attain proper occlusion;
to increase oronasal volume; and to change the maxillary 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 attrition), and
recurrent otitis media.

29. What procedures are undertaken at this age?
Principally, orthopedic with transverse maxillary 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 until 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.

Intraoral view of rapid palatal expansion device directly
bonded to the dentition with simultaneous orthodontic
treatment for incisor alignment and decompensation
foranterior crossbite correction. Note the separation of
central incisors—a rare event in complete oralcleftpa-
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 followed by a 4--6-week period of rest. This sequence is repeated until expansion is com-
pleted. Accumulation of residual load during rapid expansion is dissipated during the rest periods.
Research has shown that residual load accumulating during rapid palatal expansion completely dis-
sipates in 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 slow expansion.

32. How much expansion is necessary?

The amount of appliance expansion varies from as little 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 it was first reported in the literature in 1859 for the correction of constricted
maxillary 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 maxilla. This handle of
opportunity is realized in maxillary protraction for correction of maxillary midfacial deliciency and
anterior dental crossbite.

A, Intraoral view betore maxillary protraction. B, Same view af ter maxillary protraction.

35. During primary dentition, when is the best time for maxillary protraction?

The best time is determined by the eruption of the permanent central incisors, which secure the
repositioned maxilla with a proper bite. This translates to a dental age of at least 5 years to begin
protraction treatment, which continues for 12 months. In general, the best time is before age 7 years.
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Mixed Dentition (Age 7—11 Years)

36. What is mixed dentition?

The period when both primary and permanent teeth are present in 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 alignment of the maxillary
components, dental alignment, and space definition at sites of agenic teeth (almost always lateral in-
cisors). In a nutshell, it is a most important opportunity to detine maxillary dental arch perimeter.

40. What treatment procedures are used?

» Maxillary expansion and protraction * Orthodontic 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 commonly ectopic. If multiple, the additional supernumerary teeth are usually unerupted
(impacted) and elevated within the anterior maxillary cleft segment. Orthodontic treatment is used to
remove incisor irregularities, to create space for the agenic lateral incisor(s) and prospective graft
sites, 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 s 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 bodily relocation in excess of root lengthening, and the cuspid may penetrate
from its intraosseous crypt into the void of the alveolar defect.

Adolescent and Adult Dentition (Age 12—17 Years and Beyond)

43. What is 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, maxillary expansion may be indicated for a second time 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 appliances and
complete bracing of all clinically erupted permanent teeth. This technique gives virtual control over
the six possible bodily movements in space tor each tooth.

Controversy

45. Is alveolar bone grafting a definitive procedure?
Bone grafting is not a definitive procedure even when it 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.

FACIAL GROWTH IN ORAL CLEFT PATIENTS

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, all such parents have significantly
shorter upper facial height compared with lower facial height. A larger cranial base saddle angle was
found in parents of children with CLP and CP. In the frontal view, all parents had a significantly
narrower head (skull) width (HW) and smaller cephalic index. There were also greater ratios of HW
to interorbital, interzygomaticofrontal suture, nasal, bizygomatic, and alar width. Parents of children
with CLP also showed asymmetries in nasal alveolar shelf. In summary. shorter height and greater
width in the upper face characterize all parent types.

47. How is the craniofacial status of adult patients with isolated unilateral cleft lip/alveolus
(UCLA) surgically treated in childhood different from that of normal samples?

Facial height is greater than in controls, and the maxilla-mandibular relationship demonstrates a
flat facial angle. Patients with UCLA have a balanced retrognathic-apertognathic profile. With the
least severe deformity, UCLA craniofacial status is closer to the normal 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 midfacial deficiency. The maxillofacial abnormality is explained by the severity of
the deformity of patients with UCLP, manifest as a long-face, backward-divergent, and midfacial-
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 similar deformity pattern to UCLP is found in BCLP with bimaxillary dentofacial retrusion,
clockwise facial rotation, lower facial height enlargement, and retrocheilia (reduced upper lip thickness).

50. 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 maxillary length, posterior maxillary 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. In summary. infants with CP
represent a different 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 maxilla is shorter in length and retruded in position. The mandible is more posterior
and retrognathic and smaller, with an increased plane angle; it is like the mandible found in patients
with complete oral cleft and primary cleft palate. The facial angle, however, is not unlike 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 maxilla but the most retrognathic profile. Patients with soft and partial
hard palate cleft have the most retruded maxilla. Cases with soft and complete hard palate cleft have
the bestoverall facial balance, nearly normal mandibular form, and profiles that are not retrognathic.

52. How does a pharyngeal flap affect facial development?
Done ratherearly in life, a pharyngeal flap contributes mechanical, functional, and tissue factors
affecting facial growth. The flap causes a greater reduction in forward maxillary growth than what
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ordinarily occurs. The maxillary vertical dimension is unaffected. A greater facial opening rotation
maintains facial balance. In general, restraint. scar, and increased nasal impedance to airflow disturb
maxillary growth.

o

9.

10.
1.
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15. CEPHALOMETRICS
Prasanna-Kumar Shivapuja, D.D.S., M.S., and John L. Spolyar, D.D.S., M.S.

1. What is cephalometrics?

Cephalometrics is the science of measurement of the skull, which began in the early 18th cen-
tury. After the introduction of X radiation, measurements were made on standardized radiographs.
The technique of radiographic cephalometrics was introduced by Hofrath in Germany and Brodbent
in 1934. 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 view of the skull. A tracing is made of the skull film, 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 film. The dis-
tance from the x-ray source to the ob ject should be 60 inches. The distance from the object to the
film should be 6 inches. The central beam is directed through the center of the ear rods to strike the
x-ray film at right angles. To limit parallax distortion due to shifting, the head should be stabilized
with a head holder called a cephalostat. When these constants are maintained, a standardized lateral
cephalogram is obtained with 10% magnification of the head. The lateral cephalogram must be made
with the mandible in centric position and lips relaxed.

4. Why is a cephalostat used?
The cephalostat provides a means to standardize image and magnification distortions of the
cephalograph with standard positioning of the x-ray source.

A, Portable cephalostat (Porta-Stat) used in the operating room to secure lateral (B) and frontal (C) cephalometric
radiographs. (From Spolyar JL: Design evaluation and use ol a portable cephalometric cephalostat: The Porta-
Stat (an x-ray subsystem). Spec Care Dent March—April 1988, 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 pencil. The side closest to the
film is traced. In tracing the mandibular structures, the superior part of the body and distal part of the
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m). Whenever there is a double image,
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6. What are the requirements for a landmark?

1
2
3

B~

5.

7. What are the most commonly used landmarks?

~

3. Articulare (Ar): the point of interscction of the cranial
4. Porion (Po): the midpoint of the upper contour of
5. Spinooccipital synchondrosis (SO): the junction be-
6. Seclla (S): the center of the sella turcica.

7. Pterygomaxillary fissure (PTM): the point on the
8. Orbitale (Or): the lowest point on the inferior

9. Anterior nasal spine (ANS): the tip of the anterior

. The landmarks should be easily seen on a radiograph, uniform in outline, and easily reproducible.

. Lines and planes should have significant relationship to the vectors of growth of specific areas.
Landmarks should permit valid quantitative measurements of lines and angles projected from
them.

. Measure points and measurements should have significant relationship to the information sought.

Measurements should be amenable to statistical analysis.

1. Nasion (N): the anteriormost point on the fronto-
nasal suture.

. Basion (Ba): the lowermost point on the anterior
point of the foramen magnum.
base and the posterior border of the mundibular ramus.
the external auditory canal.
tween the occipital bone and basisphenoid.
base ol the fissure where the anterior and posterior

walls meet.

margin of the bony orbit.

nasal spine (sometimes modified as the point on the
upper or lower contour of the spine where it is 3 mm thick).

10. Point A (A): the innermost point on the contour of the premaxilla between the anterior nasal spine and

incisor tooth.

I'1. Point B (B): the innermost point on the contour of the mandible between the incisor and the bony chin.

12. Pogonion (Pog): the anteriormost point on the contour of the bony chin.

13. Menton (Me): the most inferior point on the mandibular symphysis.
14. Gonion (Go): point on the angle of the mandible obtained by bisecting the angle formed by intersection

ol a tangent drawn to the lower and posterior borders of the ramus.

15. Gnathion (Gn): a constructed point located between the pogonion and menton.

(From Profitt WR, Thomas PM, Camilla-Tulloch JF: Contemporary Orthodontics. St. Louis. Mosby,
1986, with permission.)
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8. What is a cephalometric plane?
A plane by definition connects three or more points. A line by definition connects two or more
points. These two terms are often used synonymously. The commonly used planes are as follows:

Cranial base planes

1. Basion-nasion (Ba-N)

2. Sella-nasion (S-N)

3. Frankfort horizontal plane (Po-Or)

Makxillary planes

1. Palatal plane: constructed by joining the ante-
rior nasal spine to the posterior nasal spine

. Occlusal plane: plane extending between
the mesial cusp of the maxillary molar
through the point that bisects the overbite

3. Nasion-point A plane

4. Long axis ol maxillary incisor

Mandibular planes

1. Mandibular plane: line drawn tangent to
the lower border of the mandible and pass-
ing through the menton

. Nasion-point B

. Nasion-pogonion facial axis plane

4. Long axis of mandibular incisor

(8]

[SSI IS

(From Salzman JA: Practice of Orthodontics, Vols. I and 2. Philadelphia, Lippincott-Raven, 1966. with permission.)

9. What are the components of cephalometric analysis?
Skeletal analysis, profile 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 maxilla in reference to the
cranial base. The normal angle for a Caucasian is 82°. An angle that exceeds 82° indicates maxillary
protrusion, and an angle less than 82° indicates maxillary 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 maxilla and mandible (ANB angle). The normal value is 2°.

An important factor in skeletal analysis is analysis of the vertical relation of the maxilla 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 100%, 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 slightly longer in the lower one-third of the face. The second meas-
urement is to relate the anterior maxilla to the cranial base by evaluating tooth exposure on the
cephalogram (with lips relaxed) and frontal facial picture. Both should show tooth exposure of ap-
proximately 2 mm. The third measurement is to relate the posterior maxilla to the cranial base by
measuring the distance from the palatal plane to S-N. The fourth measurement is of the mandibular
plane angle, which, when measured to the Frankfort plane, should be 25°.

11. What does the dental analysis indicate?

It indicates anteroposterior positioning of the teeth in relation to their basal bones. The long axis
of the maxillary incisor should be angled at 104° 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?

Profile analysis permits appraisal of the soft tissue that covers the skeletal facial profile.
Remember that the soft-tissue profile is related to facial skeletal dimensions, tonicity of the soft
tissue, and habitual posture of the face in the head in space. An easy way to evaluate the profile is to
relate the face to Ricketts’ aesthetic plane (the line extending from the soft tissue nose tip to the soft
tissue chin). The upper lip should lie 2 mm behind the plane; the lower lip should lie on the plane.

The nasolabial angle is formed at the base of the nose by a line drawn parallel to the base of the nose
and a tangent drawn to the upper lip. It is also an important factor in establishing the anteroposterior
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position of the maxilla. The nasolabial angle should be 102° in both men and women with a standard
deviation of 8°. An acute nasolabial angle may be a reflection of maxillary dentoalveolar protrusion.
To rule out the influence 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 8° in men and 14° in
women with the nasion perpendicular. An obtuse nasolabial angle or a decreased cant of the upper
lip is an indication of a retrusive maxilla.

Normal Values for Commonly Used Measurements

MEASUREMENT MEAN VALUE (CAUCASIAN) MEAN VALUE (AFRICAN-AMERICAN)
SNA 82 85
SNB 80 81
ANB 2 4
UI-NA 22 23

4 mm 7 mm
L1-NB 25 34

4 mm 10 mm
Ul-LI 131 111
LI1-MP 90 —
FMA 25 25
Facial axis -2 —

13. What is holdaway ratio?

Holdaway ratio, which is used to evaluate lip retrusion or prominence, is an orthodontic method
that relates the prominence of the mandibular incisor to the NB line and the pogonion to the NB line.
For an ideal holdaway ratio, the lower incisor and the pogonion should be the same distance from the
NB line. The ratio is depicted as 1:1. Per cephalometric standards, the lower incisor should be 4 mm
in front of the line NB and therefore the chin should also be 4 mm in front of the NB line. It is im-
portant that the surgeon not advance the chin beyond the confines of the mandibular incisor teeth.

14. What are the applications of cephalometrics?
(1) Diagnosis, (2) growth prediction, (3) visual treatment objective, and (4) surgical treatment
objective (STO).

15. How is the STO carried out?

The STO is carried out on a lateral cephalogram taken in centric position with the lips relaxed.
A frontal facial picture with the lips relaxed and a picture with a wide smile on are also helpful in de-
ciding the vertical positioning of the maxilla.

16. How do you evaluate the effect of treatment?

It can be evaluated by the process called superimposition. There are three basic types:

1. 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 is a stable structure that can be used for superimposition. This form of superim-
position indicates the overall change in the maxilla 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 maxilla.

3. Mandibular superimposition is done by superimposing on the lingual aspect of the symph-
ysis parallel to the lower border of the mandible or mandibular plane. It 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 it must be used only as an adjunct to clinical diagnosis. After all, we treat patients
and faces. not x-rays.
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16. CRANIOSYNOSTOSIS

Jeffrey Weinzweig, M.D., Jhonny Salomon, M.D., and Patrick K. Sullivan, M.D.

1. What is craniosynostosis? Who first described it?

Craniosynostosis designates premature fusion of one or more sutures in either the cranial vault
or cranial base. Hippocrates provided the first description of this anomaly in 100 B.C. He noted
the variable appearance of the calvarial deformities and correlated it with the pattern of cranial
suture involvement.

2. What structure is currently believed to be primary site of abnormality 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, resulting in secondary cranial deformities.

3. The defect is in the mesenchymal blastema of both the cranial base and cranial sutures.

The first theory is the most widely accepted. Cultured sagittal suture synostotic cells demon-
strate higher alkaline 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, revealing
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. Osteoprogenitor 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?

|. Intramembranous ossification begins at the end of the second month of gestation. A center
of osteogenesis develops directly in vascularized mesenchyme. Expansion of the ossification center
proceeds radially via appositional growth. Initially cancellous 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 single plates of compact bone. After this time, they become two plates of compact bone,
separated by marrow and cancellous bone, or diplog.

2. Endochondral ossification is the method by which the majority of the bones of the cranial
base form. This method of ossification 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 cartilage instead of syndesmoses.

5. What are the two regions of the skull?
. 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 walls, 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 obligatory 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 at the contactedges 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 life.

By 2 years, the cranial capacity is 4 times that at birth. For this rapid brain growth to proceed nor-

mally, the open cranial vault and base sutures must spread during phases of rapid growth.
Craniosynostosis thus presents an obstacle to normal cranial vault growth.

8. In which direction does cranial growth occur with relation to a synostotic suture? What is
Virchow’s law?
In 1851, Virchow noted a cessation of growth in a direction perpendicular to that of the affected
suture. As aresult, growth proceeds (with or without overcompensation) in a direction parallel to the
affected suture. This is Virchow’s law.

9. What is the incidence of craniosynostosis?
It is approximately 343 in 1,000,000 live births. Most cases of nonsyndromic, single-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?

It 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 100,000 live births).

11. What is the incidence of increased intracranial pressure (ICP) with single- and multiple-
suture involvement?

Using an epidural sensor device to monitor 121 patients with craniosynostosis, Marchac and
Renier documented intracranial hypertension (ICP >15 mmHg) in 42% of patients with involvement
of multiple sutures and 13% of patients with only single-suture involvement. A progressive reduc-
tion of ICP over time was noted in patients who underwent cranial vault remodeling.

12. What is the pathognomonic ophthalmologic sign of increased ICP?
Papilledema.

13. What does “thumb-printing” or a “copper-beaten” finding indicate?

Both termis describe the classic radiographic evidence of increased intracranial pressure on skull
films. Imagine the craterlike surface of a golf ball. 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?
Sagittal synostosis, or scaphocephaly, which is characterized by a narrow, elongated cranial
vault and reduced bitemporal 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, midline forehead
ridge, this type of craniosynostosis is also associated with a decreased distance between the bony
orbits (hypotelorism).
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16. What are the different types of nonsyndromic isolated craniosynostoses?

Head shape abnormality Affected sutures
Frontal plagiocephaly Unilateral coronal
Occipital plagiocephaly Unilateral lambdoid
Frontal brachycephaly Bilateral coronal
Occipital brachycephaly Bilateral lambdoid
Scaphocephaly Sagittal
Trigonocephaly Metopic

17. To which multiple-suture synostoses do the terms “tower skull,” “pointed head,” and
“cloverleaf skull” refer?

Acrocephaly and turricephaly (“tower skull”) designate a type of untreated brachycephaly with
an excess of skull 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, tilted posteroinferiorly
on a plane with the nasal dorsum. The forehead is usually reduced in the horizontal dimension with
elevation in the region of the anterior fontanel. There may be multiple-suture involvement in addi-
tion to bicoronal synostosis.

The Kleeblattschiidel anomaly is characterized by a trilobed “cloverleaf skull™ with bitemporal
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 froglike
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 Apert's Syndrome

Affected sutures Coronal (most common), sagittal, Coronal (usually)
or lambdoid

Calvarial deformity ~ Brachycephaly, scaphocephaly, Brachycephaly and turricephaly
trigonocephaly, or oxycephaly

Hand anomalies None Symmetric syndactyly of the hands and feet

Ocular findings Nystagmus, strabismus, optic nerve  Ptosis, antimongoloid slant of palpebral
atrophy fissure

Development Normal Retardation common

19. Name three syndromes associated with hand anomalies.

1. Apert’s syndrome (acrocephalosyndactyly) is transmitted by an autosomal dominant mode
of inheritance. It is characterized by craniosynostosis, exorbitism, midface hypoplasia, and symmet-
ric syndactyly of the hands and feet. Although Tessier noted multiple additional characteristics of
patients with Apert’s syndrome, syndactyly essentially differentiates it from Crouzon's syndrome.

2. Pfeiffer’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 sof't tissue syndactyly.

20. What is secondary craniosynostosis?

Any pathologic condition interfering with the normal development of the cranial bones may cause
a compensatory synostosis of the cranial sutures and secondary craniosynostosis. An abnormally
high incidence of craniosynostosis has been seen in patients with hematologic disorders, malforma-
tions (microcephaly or encephalocele), metabolic disorders (hyperthyroidism, vitamin D-resistant
rickets, mucopolysaccharidosis) and other disorders. such as Hurler’s syndrome and achondroplasia,
that aff'ect 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 unilateral coronal synostosis, is an uncommon
disorder that occurs in 1 of 10,000 live births. It is 0.2% as common as deformational plagiocephaly.
Isolated unilateral lambdoidal synostosis is an extremely rare cause of synostotic occipital plagio-
cephaly, accounting for only 0.8-1.3% ol all syndromic and nonsyndromic cases.

Deformational frontal plagiocephaly results in an ipsilateral narrow palpebral fissure and
lower eyebrow, inferiorly positioned ipsilateral 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 cranium appears as though it has been compressed Itom forehead to opposite occiput (“par-
allelogrammic head™). The cheek and ear are retruded on the same side as the flattened forehead
with bossing of the ipsilateral 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 ipsilateral ear, and deviation of the
nasal root toward the flattened side. The chin often points to the contralateral side. The frontal
fontanelle is displaced toward the normal side. Viewed tfrom 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
Ipsilateral supraorbital rim High Low
[psilateral eyebrow position High Low
Ipsilateral ear Anterior and high Posterior and low
Ipsilateral cheek Forward Backward
Nasal root Ipsilateral deviation Midline
Chin deviation Contralateral Ipsilateral
Ipsilateral 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 until normal cranial shape has been restored. Close follow-up
every 2—3 months is warranted.

23. What is the harlequin deformity?

The harlequin deformity is the characteristic radiographic finding in patients with synostotic
frontal plagiocephaly. It describes the abnormal shape of the orbit due to ipsilateral superior dis-
placement of the lesser wing ol the sphenoid.

24. What is torticollis?

Torticollis, which literally means “twisted neck,” results Itom shortening of the sternocleido-
mastoid muscle. It is characterized by a tilting ol the head toward the affected side: the chin points
up and toward the opposite side. The shoulder is higher on the alfected side, and the external ear is
sometimes more prominent on the alfected side. When the condition persists beyond a few weeks in
infancy, an asymmetry develops in which the ace and skull on the affected side appear smaller.

25. Is there an association between deformational plagiocephaly and torticollis?

Definitely. True torticollis—in which the head tilts toward the abnormal side—is present in 64%
of children with deformational plagiocephaly. Ocular torticollis, in which the child attempts to cor-
rect for strabismus-induced diplopia by tilting the head toward the normal side, is present in approx-
imately 50% of children with synostotic plagiocephaly.
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26. Whatare the two goals of surgery for patients with craniosynostosis?

1. Decompression of the intracranial space (to reduce ICP, to prevent visual problems, and to
permit normal mental development)

2. Achievement of satisfactory craniofacial form

27. What is the ideal timing for correction of craniosynostosis?

The thickness of the calvarial bone between 3 and 12 months of age is usually adequate to
permit reconstructive osteotomies yet soft enough to facilitate remodeling. Delayed reconstructions
after 1% years of age are usually 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 remodeling, mono-
bloc or craniofacial advancement, and shunt surgery for hydrocephalus are performed early, usually
before 6 months of age. Late procedures include Le Fort III advancement with or without concomi-
tant frontal bone advancement (usually at 3—4 years of age), monobloc advancement, and jaw
surgery (usually in early adolescence), which may include a Le Fort I osteotomy and genioplasty.

29. Is a strip craniectomy sufficient treatment for sagittal synostosis?

No. Sagittal or parasagittal strip craniectomy has been used with limited success only in cases of
mild isolated sagittal synostosis. Most cases of sagittal synostosis, however, require cranial vault re-
modeling, with removal of the affected suture and performance of frontal, parietal, and occipital
“barrel-stave” osteotomies.

30. How is metopic synostosis corrected?

Except in the mildest cases of trigonocephaly, for which observation or burring of the midline
forehead ridge may be sufficient, a more substantial procedure involving simultaneous supraorbital
and frontal remodeling is usually necessary. Despite the fact that metopic synostosis is an uncom-
mon form of craniosynostosis, with an incidence of less than 10% of all cases of craniosynostosis, 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 is separated with an osteotome, and a bone graft is inserted. This procedure
immediately increases the intercanthal distance and partially corrects the hypotelorism.

31. What is the appropriate treatment for an infant with bilateral 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 bilateral 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 wall. Osteotomy extensions are made into the temporal fossa to provide a tongue-in-groove
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-
formed in this manner, with signilicant expansion of the orbital volume. Closure of the scalp after signif-
icant frontal bone advancement can be facilitated by scoring of the galea (see figure, top of next page).

32. How does treatment for unilateral coronal synostosis (plagiocephaly) differ from treat-
ment for bilateral 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 malformation,
the preferred treatment usually consists of bilateral forehead remodeling along with removal and
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Frontal bone advancement or frontoorbital re-
modeling. A, C. Lines of osteotomy/osteotectomy.
B, D, Calvarium following frontal bone advance-
ment and remodeling. (From McCarthy JG.
Epstein FJ. Wood-Smith D: Craniosynostosis. In
McCarthy JG (ed): Plastic Surgery. Philadelphia,
W.B. Saunders. 1990, p 3028, with permission.)

modification of a single supraorbital bandeau (bar) extending across both orbits. as advocated by
Marchac. This technique permits simultaneous restoration of forehead symmetry as well as correc-
tion of the anteroposterior position and superoinferior discrepancy of the supraorbital rims.
Plagiocephaly reconstruction is very similar to brachycephaly correction in that a bilateral approach
is usually optimal: however, orbital symmetry presents a greater problem in the case of plagio-
cephaly, requiring anteroinferior and slight medial translocation of the affected supraorbital rim.

33. What is a Le Fort III advancement osteotomy?

A Le Fort 1l advancement osteotomy is performed for the purpose of advancing the midface in
the patient with severe midfacial retrusion. The bony framework of the nose is divided at the na-
sofrontal junction; the osteotomy line is continued backward across the medial wall of the orbit on
each side, then downward to the f'loor 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 wall osteotomy.

Le Fort 1l advancement. A, Maxillary hypoplasia with midface retrusion. B, Lines of osteotomy. C. Anteroinferior
translation of the ostcotomized segment. 1. Autogenous bone gralts are placed in the nasofrontal junction, lateral
orbital wall, zygomatic arch, and pterygomaxillary fissure defects. Fixation is achieved with miniplates. (From
McCarthy JG, Epstein FJ, Wood-Smith D: Craniosynostosis. In McCarthy JG (ed): Plastic Surgery. Philadelphia,
W.B: Saunders, 1990, p 3038, with permission.)
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The lateral orbital wall is sectioned transversely in the region of the frontozygomatic suture line
or above it. The orbital contents are retracted medially, and the lateral orbital wall is divided at its
Junction with the cranium. The zygomatic arch is similarly sectioned. The lateral orbital wall os-
teotomy is continued inferiorly and posteriorly through the pterygomaxillary fissure. Once the os-
teotomies have been performed, the midfacial skeleton can be loosened with the Rowe disimpacting
forceps. Bone grafts are placed in the defects of the nasofrontal junction, lateral orbital wall, and
pterygomaxillary fissure. After intermaxillary fixation, interosseous wires or miniplate fixation is
used to stabilize 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 I1l/Le Fort I osteotomies permits differential advancement of the mid-
face and maxillary segments. This approach is indicated for patients in whom the deformity is restricted
to the upper aspects of the midface (exorbitism and maxillary hypoplasia) and in whom dental occlusal
relationships are within acceptable range. The Le Fort | osteotomy is performed superior to the apices of
the teethand below the infraorbital nerve. It is continued medially and superiorly to terminate at the upper
margin of the piriform aperture. The osteotomy continues laterally to join the pterygomaxillary fissure.

The Le Fort 111/Le Fort I osteotomy
combination permits differential ad-
vancement of the midlace and maxil-
lary segments. Autogenous bone grafts
are placed in the defects and lixation
is accomplished with wires or mini-
plates. (From McCarthy JG, Epstein
FJ, Wood-Smith D: Craniosynostosis.
In McCarthy JG (ed): Plastic Surgery.
Philadelphia, W.B. Saunders, 1990, p
3044, with permission.)

The combination of Le Fort I1l/frontal bone advancement osteotomies permits 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 supraorbital os-
teotomy is extended horizontally to the region of the temporal fossa and continued in stepwise fash-
ion inferiorly toward the base of the skull. The step design of this osteotomy permits bony contact
after advancement of the frontal bandeau. The osteotomy is continued 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 FortI1l/trontal bone advancement osteotomy combination permits simultaneous advancement ol the mid-
facc as well as the rontal bone. A, B, Lines of osteotomy. C. Frontal bone segment advanced. D. Final position
after advancement ol all bony segments with bone gralts in place and skeletal fixation completed. (From
McCarthy JG. Epstein FJ, Wood-Smith D: Craniosynostosis. In McCarthy JG (ed): Plastic Surgery. Philadelphia,
W.B. Saunders, 1990, p 3042, with permission.)
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CONTROVERSY

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 lines of osteotomy for the monobloc advancement are similar to those f'or the combined Le
Fort I1I / frontal bone advancement except that the nasofrontal junction and frontozygomatic suture
are not osteotomized. The Le Fort Il segment also incorporates the roof of the orbits. In doing so,
the extent of orbital volume expansion is limited.

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 is due to the communication created between the nasal and intracranial cavities 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 I11
segment incorporates the rool of the orbits: the frontal bone is remodeled in two segments. C., The three bony
segments can be advanced to varying degrees. D, Final position after advancement ol all bony segments with
bone grafts in place and skeletal fixation completed. (From McCarthy JG, Epstein FJ, Wood-Smith D: Cranio-
synostosis. In McCarthy JG (ed): Plastic Surgery. Philadelphia, W.B. Saunders, 1990, p 3045, with permission.)
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17. ORBITAL HYPERTELORISM
Joseph L. Daw, Jr., M.D., D.D.S., and Louis Morales, |r., M.D.

1. What anatomic dimension is used to identify orbital hypertelorism?

Interorbital distance (I0D) defines the presence or absence of orbital hypertelorism. It is the dis-
tance between the medial walls of the orbits at dacryon (junction of the frontal and lacrimal bones
and the maxilla). IOD should not be confused with intercanthal distance (ICD), which is the distance
between the medial canthal tendon insertions. An increase in the ICD but not the I0OD 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 IOD 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 16 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 11 (35-39 mm), and type 111
(=240 mm). Munro classified orbital hypertelorism according to the shape of the medial orbital wall.
Type A medial orbital walls are parallel. In type B, the anterior interorbital tissues show a ballooning
out. In type C, the central portion of the medial wall balloons out. The posterior ethmoidal cells are
widest in type D. Types C and D are more difficult to correct.

Munro classification of orbital hypertelorism. 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 ethmoid cells. (From Munro IR,
Das SK: Improving results in orbital hypertelorism correction. Ann Plast Surg 2:499-507, 1979. with permission.)

4. Where is the level of the cribriform plate located?
Normally, the cribriform plate is positioned 10 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 deformity 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 galli may be enlarged or duplicated. The glabella is usually flatter, and the frontal sinuses, once
developed, are often enlarged. The nose is usually short and wide. Specifically, the nasal bones may
be short, whereas the upper lateral and lower lateral cartilages may be larger and bifid. In addition, the
nasal septum may be duplicated or unusually wide. Structures that usually are not aftected or affected
to a lesser degree include the cribriform 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 associated with a
great variety of congenital malformations. It may be seen in midline or paramedian craniofacial
clefts, craniofacial syndromes (e.g., Apert and Crouzon syndromes), and sincipital encephaloceles.
Other causes include amniotic banding syndromes, dermoid cysts, glial tumors, and teratomas.
Patients with cleft lip and palate also may have a mild degree of hypertelorism.

94
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7. Whatare the types of sincipital encephaloceles?

A cephalocele is a herniation of intracranial contents through a cranial defect. When it contains
the meninges and cerebrospinal fluid, it is referred to as a meningocele; when both meninges and
cerebral tissue are present, it is called a meningoencephalocele. Cephaloceles are classified by
anatomic location: sincipital (also referred to as frontal or frontoethmoidal), parietal, basal, and oc-
cipital. Sincipital 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. Sincipital encephaloceles show great geographic and ethnic variation. Among European
and North American Caucasians, sincipital encephaloceles are rare, whereas in Southeast Asia and
Nigeria they are much more common.

8. What surgical methods are used to correct orbital hypertelorism?

The most commonly used method is a combined intracranial/extracranial approach to pro-
vide access to create the osteotomies. Osteotomies are made in all walls of the orbit circumferen-
tially, resulting in total mobilization of the orbits. Resection of structures within the interorbital
space, including enlarged ethmoidal air cells and nasal septum, is required. Resection of bone
anteriorly and in the anterior cranial fossa may be accomplished as either median or paramedian
segments.

In patients with orbital hypertelorism and significant transverse constriction of the maxillary
dental arch, facial bipartition may be performed. This procedure simultaneously narrows the interor-
bital distance, expands the transverse width of the maxillary dental arch, and levels the maxillary 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, loor, and lateral wall.

Surgical correction of orbital hypertelorism. A, Intracranial/extracranial approach. B, Facial bipartition. C, Subcranial
approach. (From Dufresne CR: Complex Craniofacial Problems. New York, Churchill Livingstone, 1992, 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 child. However,
Mulliken and others demonstrated an adverse eft'ect on anterior fucial growth in young children who
underwent correction of hypertelorism.

10. What steps must be taken to preserve olfactory function during surgical correction of or-
bital hypertelorism?

Preservation of olfactory 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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11. What ancillary procedures are usually required in conjunction with primary 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 ilium), which is se-
cured as a cantilever. If excessive nasal skin is present, it must be excised if 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 tissue is
created with closure. This technique is of additional benefit because the nose in patients with orbital
hypertelorism is usually short. If the nasal cartilages are bifid, they should be corrected as well.

Medial canthoplasties are usually necessary at completion of the procedure, because often the
insertion of the medial canthal tendons has been detached during the intraorbital dissection. Medial
canthoplasty may be accomplished with transnasal wiring from one medial canthal tendon to the
other.

12. What deformities may persist or become apparent after correction of orbital hypertelorism?

The most common residual 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 likely to result from inadequate exenteration of intraorbital or intranasal
structures or inadequate translocation of the orbits. Other postoperative sequelae include enoph-
thalmos, ptosis, strabismus, nasolacrimal dysfunction, shortened palpebral fissures, and temporal
depression.
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18. CRANIOFACIAL SYNDROMES
Salvatore Lettieri, M.D., and Craig A. Vander Kolk, M.D.

1. What exactly is a syndrome?

A syndrome is a set of symptoms that occur together. A particular syndrome may have three,
four, or ten manifestations, but a key sequence of symptoms leads to the diagnosis of a particular
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. If 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 similar 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 manifested 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 manifest fully (i.e., variable expression). Genetic relationships may
involve a continuum of effect with variable expression. A theoretic example is the difference be-
tween Crouzon syndrome and Apert syndrome. The two have similar craniofacial features: however,
patients with Apert syndrome have syndactyly. In addition, the midface hypoplasia seems to be a bit
more severe, and the incidence of mental deficiency is greater. Although two distinctive genetic ab-
normalities may distinguish Apert syndrome and Crouzon syndrome. sometimes a patient diagnosed
with Crouzon syndrome may indeed be a patient with Apert 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 (unilateral or bi-
lateral), metopic, sagittal. and lambdoid. 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 limited growth perpendicular to the suture. Plagiocephaly, which refers to flattening of the af-
fected site, results from unilateral coronal suture synostosis or unilateral lambdoid suture synostosis.
Torticollis, 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 clinical 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?

Traditionally. because synostosis is premature fusion. it 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 unilateral coronal syn-
ostosis on the right side has restricted growth in the right anterior to left posterior direction with
compensatory enlongation in the left anterior to right posterior direction. This pattern. first described
by Virchow in the 19th century, continues to be the classic depiction of growth. Theories of cause
and treatment continue to change.

6. Which syndrome also affects the limbs”

Several syndromes affect the limbs. Among the more common is Apert syndrome. which in-
volves syndactyly of the feet and hands. Crouzon Syndrome. which has similar facial features to
Apert syndrome, does not involve hand anomalies. Other syndromes in which the limbs are affected
include Saethre-Chotzen syndrome (brachydactyly). Pfeiffer 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. Areall 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
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have had a normal adult life without surgical intervention. Many patients who present in infancy
undergo surgery. Mental retardation occurs in less than 5% of patients with Crouzon syndrome.
Apert syndrome, which is similar to Crouzon in its craniofacial abnormalities, has a much higher
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 (1867-1950) was a French dental surgeon who contributed greatly to orthodontics.
He called attention to problems associated with glossoptosis and airway obstruction—a congenital
anomaly consisting of micrognathia, cleft palate, and prominent tongue. In later publications, he
claimed that many ailments were related to the enlarged tongue, including acrocyanosis, flat feet,
cryptorchidism, constipation, gastroenteritis, and even appendicitis. Aff'ected children have classic
facies with partial or complete airway obstruction and difficulty with feeding. They may or may not
have a cleft palate; they usually have retrognathia or micrognathia. The prone position is best be-
cause it facilitates breathing. Many patients require a tracheostomy and often a feeding tube to facil-
itate breathing and nutrition. Various treatments have been tried, including partial glossectomy and
mandible advancement. Other mechanical treatments include suturing the tongue forward or placing
a K-wire through the mandible to try to keep it in a forward position. More recently distraction os-
teogenesis has been used with some early success. We should remember that the Pierre Robin anom-
aly is a sequence and not a syndronme.

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 autosomal 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 cyclic adenylcyclase monophosphate.

10. With which syndrome do you see lower lip pits?

Van der Woude’s syndrome (lip pit-cleft lip syndrome). Lower lip pits are present in 80% of pa-
tients, who may be missing the central and lateral incisors, canines, or bicuspids. In addition, pa-
tients often have a cleft lip but may or may not have a cleft palate or cleft uvula. Van 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.

11. What differentiates Klippel-Trénaunay-Weber from Parkes-Weber syndrome?

Both are neoplastic syndromes, but arteriovenous fistulas are present in Parkes-Weber syn-
drome. The syndrome without arteriovenous fistulas was first reported by Klippel and Trénaunay.
The craniofacial manifestations include asymmetric facial hypertrophy, hemangiomatta, and micro-
cephaly; intracranial calcifications also may be present. Other interesting findings include enlarged
abdominal viscera and disturbed major blood vessels. Patients are usually mentally impaired and
may be prone to seizures. The limb hypertrophy can be quite devastating, and the soft tissue sur-
rounding the limb may be several times the diameter of an unaffected limb. Once the diagnosis is
made, the abdominal viscera, brain, eyes, urinary, and gastrointestinal tracts should be checked for
evidence of hemangiomatta with early intervention as indicated.

12. What is telorbitism?

Tessier coined this term, which describes a condition in which the orbits are far apart. Most
craniofacial syndromes involve varying degrees of telorbitism. Some, such as Apert and Crouzon
syndromes, have shallow orbits and the appearance of telorbitism. Most procedures that are per-
formed do not readily address the extent of the telorbitism unless it is associated with a specific re-
duction of the midfacial bones and movement of the orbits. Correction can be extremely difficult and
challenging. The important corollary to this question is which patients may have hypotelorism.
Hypotelorism is associated with Binder’s syndrome, Down syndrome, trigonocephaly, holoprosen-
cephaly, and arhinocephaly. All other syndromes have either normal or widened orbits.



Craniofacial Syndromes 99

13. Are all craniosynostoses associated with a syndrome?

Not really. Syndromes are present only in 10-20% 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. Usually single-suture synostoses are isolated, sporadic anomalies,
whereas multiple-suture synostoses are syndromic.

14. Does surgery always correct the craniofacial deformity?

We certainly try. The amount of correction is directly related to the degree of the problem.
Craniosynostosis may be simple 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 well if surgery is done early (3—4 months of age). A patient with midfucial hypoplasia and mild
exorbitism may be treated with a frontal advancement as the first stage and a possible LeFort [11 ad-
vancement at a later age. Corrective surgery of a craniofacial deformity is largely static, whereas the
growing intracranial and extracranial tissues are dynamic. The intent is to predict the amount of
needed growth and to overcome the potential deficiency in bony growth caused by either surgery or
the underlying disorder.

15. What is the most common craniofacial cleft?

When talking about craniofacial clefts, one must distinguish between the typical cleft lip and
palate and facial clefts. 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 side is considered a clock with 14 hours instead of 12. The clock runs from O to 14, both of
which occur in the midline. Zero is in the facial region, whereas 14 is in the midcranial region. For
example, a number O cleft is directly through the midnose, and a number 14 cleft is through the
nasal-frontal suture and midfrontal region. Extending laterally, cleft numbers 1, 2, and 3 pass through
the pyriform aperture. The next three clefts (numbers 4, 5, and 6) involve the lower eyelid and can be
easily remembered as the medial, middle, and lateral thirds of the lower eyelid. Cleft number 7 is
outside the lower eyelid and involves the lateral oral commissure. Bilateral number 7 clefts have the
appearance of a broad smile. The Tessier number 7 facial cleft is the most common craniofacial cleft
and occurs in approximately 1 of 3,000 births. Usually the clefts occur in pairs that total 14 (e.g., a
number O cleft usually occurs with number 14, and a number | cleft usually occurs with a number
13). The Tessier number 7 cleft is usually not associated with any other cleft, although it may be bi-
lateral. The Tessier number § cleft begins at the lateral commissure of the palpebral fissure and ex-
tends into the temporal region. It often is present with a Tessier cleft number 6 (the two total 14).
Expression is variable, and only one craniofacial cleft may be present. Of note, Treacher Collins
syndrome also may be described as cleft numbers 6, 7, and 8. Numbers 8—14 can be remembered as
the cranial extensions of their midfacial counterparts (see chapter 19).
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19. CRANIOFACIAL CLEFTS
Jeffrey Weinzweig, M.D.

1. When does the embryologic development of 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 17 and 27 mm CRL (seventh and eighth weeks of gestation). In embryos with a 17-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 formation 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 nasomaxillary 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 nasomaxil-
lary complex.

4. Why do craniofacial clefts occur?

Embryogenesis of the craniofacial region is extremely complex. Significant demands are placed
on the coordination of cell 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 normal craniofacial development to occur. Any mishap in this intricate program can lead
to disastrous consequences. Evidence from animal and clinical studies supports a multifactorial eti-
ology. Factors such as infection with influenza A, virus, infestation with toxoplasmosis protozoan,
maternal metabolic disorders, and exposure to teratogenic compounds, including anticonvulsants,
antimetabolic and alkylating agents, steroids, and tranquilizers, are believed to play a role in the
etiopathogenesis of craniofacial clefts.

5. What are the two leading theories of facial cleft formation?

1. Failure of fusion. This classic theory, proposed by Dursy (1869) and His (1892). contends
that the central region of the face is the site of union of the free ends of the facial processes. The
face takes form as the various processes fuse. After epithelial contact is established by these
processes, penetration by the mesoderm completes the fusion. Disruption of this sequence results in
cleft formation.

2. Mesodermal migration and penetration. This theory, proposed by Pohlman (1910) and
Veau and Politzer (1936), 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
i1s composed of a continuous sheet of a bilamellar membrane of ectoderm known as the primary
plate, which is demarcated by epithelial seams that delineate the principal “processes.” Into this
double layer of ectoderm, referred to as the epithelial wall, mesenchyme migrates and penetrates to
smooth out the seams. The lower face and neck are formed by a series of branchial arches that con-
sist of a thin sheet of mesoderm lying between the ectoderm and encdoderm. The craniofacial meso-
cdlerm is augmented by neuroectoderm brought in by the migrating neural crest cells. from which the
craniofacial skeleton is believed to be principally derived. If penetration by the neuroectoclerm does
not occur, the unsupported epithelial wall breaks down to form a facial cleft. The severity of the cleft
is inversely proportional to the degree of penetration by the neuroectoderm. If penetration fails alto-
gether, a complete cleft is formed as the epithelial wall dehisces. Partial penetration results in the de-
velopment of an incomplete cleft.

100
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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 small. However, extraction of cases of rare facial clefts from larger series of common clefts of the
lip and palate provides a comparative incidence of 9.5 to 34 rare lacial clefts per 1000 common
clefts. As common clefts of the lip and palate occur with an overall incidence of approximately 1.5
per 1000 live births, the extrapolated incidence of rare facial clefts would be approximately 1.4-5.1
per 100,000 live 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 with 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 clefts follow constant
axes. The clefts are numbered from O to 14, with the lower numbers (0—7) representing the facial
clefts and the higher numbers (8—14) representing their cranial extensions. Multiple and bilateral
clefts 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. 0-14, 1-13, 2-12, 3-11, and 4-10 clefts.

Tessier classification of craniofacial clefts.
A, Path of various clefts on the face. B, Lo-
cation of the clefts on the facial skeleton.
(Courtesy of Dr.P. Tessier.)

B

9. What is internasal dysplasia? To which Tessier cleft does this term apply?

Internasal dysplasia is a developmental arrest in the groove separating the two nasal halves
before union has occurred. This anomaly is known as the Tessier no. O cleft. Depending on the time
of developmental arrest, a wide spectrum of anomalies is seen. In less severe cases, the anomaly is
characterized by bifidity of the columella, nasal tip, dorsum, and distal part of the cartilaginous
septum. Occasionally, a median cleft of the lip, 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 premaxilla may be bifid, and the maxilla
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may demonstrate a keel-shaped deformity 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 maxillary
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 malformation usually limits the life span to infancy.

No. O cleft. A, The osseous clelt passes between the central incisors, resulting in broadening of the nasal {tame-
work and orbital hypertelorism. B, Portions of the premaxilla and nasal septum are absent and the supporting
structures of the nose are hypoplastic with resultant orbital hypotelorism. (Courtesy of Dr. P. Tessier.)

10. Which craniofacial clefts begin at Cupid’s bow?

Tessier no. 1, 2, and 3 clefts begin at Cupid’s bow. In addition, no. 4 and 5 clefts, and, rarely,
no. 6 clefts may involve Cupid’s bow. Therefore, all common cleft lips must be evaluated closely for
additional structural anomalies.

11. What is nasoschizis? To which clefts does this term refer?

Nasoschizis is related to clefts of the lateral aspect of the nose. These clefts are commonly re-
ferred to as Tessier no. 1 or 2 clefts. The no. 1 cleft begins at Cupid’s bow. The common cleft of the
lip is an example of this malformation. 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. | cleft (A). The osseous location of this malformation 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-
cisor. The piriform aperture is involved at its base as the clef't passes through the broadened frontal process of the
maxilla 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 lateral incisor. The piriform aperture is divided at its base, and the nasal septum is
intact but deviated by the maxillary distortion.

12. What is an oronasoocular cleft?

Also referred to as an oblique facial cleft, the oronasoocular cleft is a no. 3 cleft that begins at
Cupid’s bow, undermines the base of the nasal ala, and continues cephalad into the lower eyelid (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 lateral incisor and canine (see figure B
below). The cleft continues cephalad through the piriform aperture and the frontal process of the maxilla
and terminates in the lacrimal groove. The underlying nasolacrimal system is disrupted, producing
an obstructed nasolacrimal duct and a sac that is prone to recurrent infections. The lower canaliculus
is malformed and irreparable. This cleft is seen more commonly than the no. | and 2 clefts.

No. 3 cleft. A, This cleft begins at Cupid’s bow, undermines 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 cleftis the firstcleftto involve
the orbit directly. The osseous component of the clelt passes through the alveolus between the lateral incisor and
canine, then continues cephalad through the piriform aperture and the Irontal process of the maxilla to terminate
in the lacrimal groove. (From Stratoudakin AC: An outline of craniof acial anomalies and principles of their cor-
rection. In Georgiade GS, Georgiade NG, Riefkol R. Barwick WJ (eds): Textbook of Plastic, Maxillofacial and
Reconstructive Surgery, 2nd ed. Baltimore, Williams & Wilkins, 1992, 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 eyelid
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 1732, 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 meloschisis. This oroocular or oculofacial cleft begins lateral to the Cupid’s bow and
philtrum. It passes lateral to the nasal ala, which is largely uninvolved, and onto the cheek. The cleft
terminates in the lower eyelid, medial to the punctum (see figure A, top of next page). The osseous
component of the cleft starts between the lateral incisor and canine. The piriform aperture, naso-
lacrimal canal, and lacrimal sac are spared as the clelt courses medial to the infraorbital 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 maxilla occurs most commonly with no. 4 clefts and to a
lesser degree with no. 5 clefts. The no. 5 cleft is rare; it originates in the lip 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 portion 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-
line of craniofacial anomalies and principles of their correction. In Georgiade GS. Georgiade NG. Riefkol R.
Barwick W (eds): Textbook of Plastic. Maxillofacial and Reconstructive Surgery, 2nd ed. Baltimore. Williams
& Wilkins. 1992, p 343, with permission.) B, The cleft passes between the infraorbital foramen and the piriform
aperture. The orbit, maxillary 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 {loor (see figure B below). The orbital con-
tents may prolapse through the gap into the maxillary sinus.

No. S cleft (bilateral). A, This clett 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 lowereyelid. 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 ol their correc-
tion. In Georgiade GS, Georgiade NG, Riefkol R, Barwick W (eds): Textbook of Plastic. Maxillofacial and
Reconstructive Surgery, 2nd ed. Baltimore, Williams & Wilkins, 1992, p 343. with permission.)

16. Which cleft represents an incomplete form of the Treacher Collins anomaly?

The no. 6 cleft. A coloboma of the lateral third of the eyelid marks the cephalic end of the cleft
as it descends lateral to the oral commissure toward the angle of the mandible. The palpebral fissures
have an antimongoloid slant. The bony cleft passes through the zygomatico-maxillary suture and in-
volvesthe lateral third of the infraorbital rim. 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 cleft, the least rare of the craniofacial clefts, is more commonly referred to as hemi-
facial microsomia. 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 malformation is between | in 3000 and | in
5642 births.

Clinical expression is highly variable. A skin tag may represent the “forme fruste™ or microform
of the malformation. 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 cleft 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 ramus. are seen on the affected side.

18. When was hemifacial microsomia first described?
The earliest description of the malformation is the cuneiform 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 actually
demonstrate the findings that distinguish them as Goldenhar syndrome, many do not recognize this
as a distinct entity.

20. Which craniofacial cleft is often occupied by a dermatocele?
The no. 8 cleft. The bony component of this cleft 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? (Hint: the zygomas are absent.)

Treacher Collins syndrome. The three clefts involve the maxillozygomatic, temporozygomatic,
and frontozygomatic sutures and are responsible for the absence of the zygoma in this malformation,
the hallmark of the complete form of Treacher Collins syndrome. The no. 6 cleft is responsible for the
coloboma of the lower eyelid. The no. 7 cleft is responsible for the absence of the zygomatic arch.
The no. 8 cleft completes the malformation by contributing to the absence of the lateral orbital rim.

Nos. 6. 7, and 8 clefts (bilateral). Thesc three clefts are responsible
for the absence of the zygoma in this malformation. the hallmark ol
the complete form of Treacher Collins syndrome. (Courtesy of Dr. P.
Tessier.)

22. Which is the rarest of the craniofacial clefts and the first to involve the superior hemi-
sphere ofthe orbit?

The no. 9 cleft, which is found in the supcrolateral angle of the orbit and affects the underlying
superior orbital rim and orbital roof. The eyelid is divided in its lateral third, as is the eyebrow, be-
cause the cleft extends into the temporal hairlinc.

23. Which cleft is the cranial extension of the no. 4 facial cleft and is often occupied by a fron-
toorbital encephalocele?

The no. 10 cleft. which traverses the middle third of the orbit, upper eyelid, and eyebrow. The
osseous component of the cleft 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 hypertelorism.
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No. 10 cleft. The osseous cleft involves the midportion of the superior
orbital rim, adjacent orbital roof, and frontal bones. A frontoorbital
encephalocele frequently displaces the entire orbit infralaterally to
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. 11 cleft is the cranial extension of the no. 3 facial cleft and has not been reported as an
isolated deformity. The cleft traverses the medial third of the upper eyelid and eyebrow as it courses
into the frontal hairline. 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. 12 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 maxilla or be-
tween this structure and the nasal bone. The ethmoidal labyrinth is increased in its transverse dimen-
sion to account for the associated hypertelorism.

26. Which cleft is associated with transverse widening of the cribriform plate?

The hallmark of the no. 13 cleft, which is the cranial extension of the no. | facial cleft, is widen-
ing of the olfactory groove with concomitant transverse widening of the cribriform plate. The cleft
lies medial to the eyebrow, which is usually displaced inferiorly. Orbital hypertelorism 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 centrally located craniofacial malformations appears to parallel that of
forebrain defects. Therefore, the extent of facial deformity provides a clue 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. 14 cleft, which is the cranial extension of the no. 0 facial cleft, may result from struc-
tural agenesis or tissue overabundance. When the cleft is secondary to agenesis, orbital hypotelorism
is usually seen. The holoprosencephalic malformations, in which embryologic division of the pros-
encephaly into two parts is disrupted, fall into this group of anomalies. When frontonasal dysplasia
(medial cleft face syndrome) or a frontonasal encephalocele occurs, orbital hypertelorism is seen
(see figure, top of next page). The basic fault in embryogenesis lies in the malformation of the nasal
capsule. The developing forebrain thus remains in its lowlying position. As a result of morphokinetic
arrest of the normal medial movement of the eyes, the orbits remain in their widespread fetal posi-
tion. In such cases, the crista galli may be widened, duplicated, 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?

Reestablishment of facial integrity in patients with median or paramedian clefts involves all dis-
rupted structures—the skeleton, facial muscles, and skin. Reconstruction is based on the following
principles:
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No. 14 cleft. When this cleflt is associated with a frontonasal encephalo-
cele, orbital hypertelorism is seen (From Tessier P: Anatomical classili-
cation of facial, cranio-facial and latero-facial clefts. J Maxillofac Surg
4:69, 1976. with permission.)

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 layer serves to establish and maintain form, to animate the face, and to
stimulate growth.

3. Restoration of the skin is performed by transposition of local flaps. The cutaneous layer pro-
vides protection for the underlying structures and preserves facial contour by its attachment to the
skeleton.

30. What is a no. 30 cleft?

Median clefts of the lower lip and mandible represent the caudal extension of the no. 0 cleft.
The cleft of the lower lip may be limited to the soft tissue and present, in its most minor form, as a
lip notch. More frequently, however, the cleft 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 clefts. (Take a closer look at the
figure in question §.)
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20. CRANIOFACIAL MICROSOMIA
M. Rusen Kapucu, M.D., and H.Wolfgang Losken, M.D., F.R.C.S.(Edin)

1. What is craniofacial microsomia?
Craniofacial microsomia is a spectrum of morphogenetic anomalies involving the skeletal. soft
tissue, and neuromuscular structures derived from the first and second branchial 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 clinical deformities included in
this category.

3. How frequently does craniofacial microsomia occur?
Craniofacial microsomia is the second most common congenital facial anomaly after cleft lip
and palate with an incidence of | in 5.600 live births. The anomaly is unilateral 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 like?

Hypoplasia of the mandibular ramus, which is usually accompanied by hypoplasia of the
zygoma, maxilla, and temporal bone, causes flattening of the lateral part of the face. In unilateral
cases. the chin is deviated to the affected side and the occlusal plane is tilted 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-
poralis, and pterygoid muscles.

7. What is Goldenhar syndrome?
Bilateral 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 (maxillary) 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 temporomandibular joint is present, but cartilage and joint space are reduced. In
type 11A, the condylar process is cone-shaped and forms an articulation that allows hinge but not
translatory movement. In type 1B, 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 1.

10. What are the goals of surgical treatment in craniofacial microsomia?
The goals are construction and reshaping of the craniofacial skeleton, augmentation of soft

tissue, and treatment of associated conditions such as auricular malformations and facial paralysis.
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11. What orthodontic treatment is used in patients with craniofacial microsomia?

An intraoral functional appliance is constructed to hold the affected mandible in a lowered, for-
ward position that stimulates an increase in the size of both the abnormal condyle and the short coro-
noid process. It is used in young children during the presurgical phase and may be particularly
beneficial in patients with type I deformities. [t is also used in the postoperative period to prevent re-
lapse of the mandibular deformity and to stimulate growth of the maxilla.

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 children with type I andtype I mal-
formations, in which a mandibular ramus is present, available bone may be increased in size and
lengthened by distraction osteogenesis. In type [l malformations, the mandibular ramus and
condyle need to be constructed with costochondral and/or iliac bone grafts.

13. What is distraction osteogenesis?

Distraction osteogenesis is bone formation in the gap between the gradually 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 site morbidity.

14. How is distraction osteogenesis used for lengthening the mandible?

A corticotomy (or osteotomy) is performed in the mandible. Pins inserted into the bone on each
side of the corticotomy 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 | 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, usually 6-9 weeks after
the end of distraction.

15. What are the aims of distraction of the hypoplastic mandible?
(1) To lengthen the mandibular ramus; (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 ramus and body length on cephalometric radiographs or three-dimensional
CT scans, and comparing this measurement with the unaffected side and the normal length for a
child 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 lateral commissure of the mouth is the same
as the unaffected side and when the mandibular occlusal midline is overcorrected 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. Costal. iliac, and calvarial
bone grafts are used to reconstruct the other structures.

19. What is the sequence of reconstructive surgery in children with craniofacial microsomia?

1. Excision of preauricular skin tags 3. Costochondral grafts at 4 years of age
in the first year of life 4. Ear reconstruction at 6 years of age
2. Mandibular distraction at 2 years of age 5. Soft tissue augmentation after adolescence

20. Does the maxillary deformity require surgery?

In children with mild-to-moderate malformations, early construction of the mandibular ramus
produces a posterior open bite and allows space for the maxilla to grow downward. Orthodontic
appliances can facilitate this growth, and the oblique occlusal plane may gradually be corrected. In
patients who present late for treatment or in whom the maxilla does not grow satisfactorily, a Le Fort |
maxillary osteotomy is needed.
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21. How is the soft tissue deficiency treated?

The method of choice depends on the amount of soft tissue deficiency. Mild deficiency usually
can be corrected by dermal and/or fat grafts. In patients with more significant soft tissue hypoplasia,
de-epithelialized fasciocutaneous free (laps, such as the scapular tlap, are preferred.
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21. SKULL BASE SURGERY

Stephen P. Beals, M.D., F.A.C.S., Ramon Angel S. Robles, M.D.,
and Kerry A. Golden, M P.T.

1. What are the anatomic divisions of the cranial base?

Anterior cranial fossa—formed anterolaterally by the [rontal bone, inferiorly by the orbital
plates and the anterior portion of the body of the sphenoid, medially by the cribriform 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 clinoid 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 anreriorly by the dorsum sellae and the clivus 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.

Foramen Contents

Anterior cranial fossa

Foramen cecum Vein from nasal cavity to superior sagittal sinus
Anterior ethmoidal foramen Anterior ethmoidal vessels and nasociliary nerve
Posterior ethmoidal foramen Posterior ethmoidal vessels and nerve

Foramina for olfactory nerves Olfactory nerves

Middle cranial fossa

Optic foramen Optic nerve

Superior orbital fissure Cranial nerves 1L 1V, VI, V,

Foramen rotundum Cranial nerve V,

Foramen ovale Cranial nerve V,

Foramen spinosum Middle meningeal artery

Table continued on next page.
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Foramen Contents
Anastomotic foramen Branch from middle meningeal artery to lacrimal artery
Emissary foramen Vein [rom cavernous sinus to pterygoid plexus
Innominate canal Lesser petrosal nerve to otic ganglion
Foramen lacerum Small nerve of the pterygoid canal and a small meningeal branch

from the ascending pharyngeal artery

Posterior cranial fossa

Jugular foramen Inferior petrosal sinus, lateral sinus, meningeal branches from the
occipital and ascending pharyngeal arteries, glossopharyngeal
nerve, pneumogastric nerve, and spinal accessory nerve

Foramen magnum Medulla oblongata and its membranes, spinal accessory nerves,
vertebral arteries, anterior and posterior arteries, and occipitoaxial
ligaments

Internal auditory meatus Facial nerve, auditory nerve and artery

Anterior condyloid foramina Cranial nerve XI1 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 cell carcinoma, adenoid cystic carcinoma, rhab-
domyosarcoma, hemangiopericytoma, esthesioneuroblastoma, malignant schwannoma

Malignant intracranial tumors: esthesioneuroblastoma, malignant schwannoma

Malignant primary basicranial tumors: chondrosarcoma, osteogenic sarcoma, metastatic disease

Benign extracranial tumors: inverted papilloma, angiofibroma, salivary gland pleomorphic
adenoma, paraganglioma, mucocele, cholesteatoma

Benign intracranial tumors: pituitary adenoma, craniopharyngioma, meningioma, schwan-
noma, ossifying 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?

History and physical examination provide valuable information 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 skull base. A skull base tumor may even remain silent until it has grown to a
compromising size when symptoms then become evident. Signs of benign tumors are usually due to the
compression of adjacent tissues, causing in the orbital region, for instance, proptosis, diplopia, epiphora,
and conjunctival exposure. Symptoms of malignant tumors, which are invasive, are often headaches,
focal seizures. and loss of cranial nerve function (i.e., blindness, anosmia, diplopia, ptosis, altered
facial sensation and/or animation, altered speech and/or swallowing, tinnitus 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 midline skull base has always been difficult because of the complex anatomy of
the vital structures. Transfacial approaches, developed over the pasttwo decades, offer safe avenues
of skull-base exposure, often allowing single-stage resection, which shortens operating time and re-
duces morbidity. The simultaneous advancement of medical technology in neurosurgery, radi-
ographic techniques, anesthesia, and intraoperative and postoperative monitoring has further aided
in the success of transfacial techniques. (See figures, top of next page.)

6. What are the advantages of transfacial approaches?
1. Separation of facial units with minimal traumatic displacement due to the embryonic fusion
of the facial units in the midline or in the paramedian region
2. Viability of displaced facial units because the primary blood supply has a lateral-to-medial
direction of flow
3. Relative ease of surgical access to the central skull base due to the multiple hollow anatomic
spaces of the midface
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A. Scope of tumor sites in the anterior skull base and clivus that can be exposed by transfacial routes. B,
Summation of the six different levels of 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 flexibility in choosing the best angle of surgical approach. C, The upper three approaches (levels 1. 11, 111)
are derived from the supraorbital bar. D, The lower three approaches provide exposure through the maxilla.
(Reprinted with permission of the Barrow Neurological Institute, Phoenix, AZ.)

4. Greater tolerance to postoperative swelling with displacement of facial units as opposed to
similar displacement of the contents of the neurocranium
5. Ability to reconstruct the facial units and maintain functional as well as aesthetic goals

7. What are the disadvantages of transfacial approaches?
1. Contamination of the surgical wound with oropharyngeal bacterial flora
. Occasional need for facial incisions and subsequent scar development
. Emotional consideration for the patient related to surgical facial disassembly
. Potential need for tracheostomy or endotracheal intubation postoperatively

SN )

8. Why is the team approach important in conducting cranial base surgery?

A multidisciplinary team approach is essential. It facilitates concentration of experience and
promotes good communication and coordination of the treatment plan and projected outcomes. The
integral specialties are neurosurgery, head and neck surgery. plastic surgery, and neurotology.
Specialists in the field of endovascular radiology, radiation oncology, chemotherapy, ophthalmology,
neurology, and neurorehabilitation 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 generally seen with benign tumors, whereas malignant lesions show invasion and lysis.
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» MRI with T1- and T2-weighted images provides details about soft tissue and extent of tumor
margins.

- Angiography provides information about tumor vascularity and involvement of the carotid
artery and/or other critical 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 full exposure of the tumor.

11. How do you prepare a patient for cranial base surgery?
1. Complete history and physical examination along with informed consent
. Clinical photographs
. Cephalometric x-rays, dental models. and splint fabrication if occlusion will be interrupted
. Routine laboratory tests and type and crossmatch for 4-6 units of blood
. Cryoprecipitate. in anticipation of use in fibrin glue
. CT scan or MRI on the way to surgery for immune serum globulin wand referencing
. Prophylactic antibiotics given in meningicidal doses
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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 | is performed through a bicoronal scalp incision. The radix and
upper orbits are exposed, and the temporalis muscles are reflected so that a bicoronal craniotomy
can be done. The incision must be posterior enough to provide an adequate frontogaleal flap. The
dura is then dissected from the exposed anterior cranial fossa and cribriform plate. This procedure is
facilitated by removal of the supraorbital bar. Watertight reconstruction, maintaining separation be-
tween the nasopharynx and cranial fossa. is achieved with local flaps, cranial autografts. and fibrin
¢lue where indicated.

A. Level I transfrontal exposure
foranterior cranial fossa and crib-
riform lesions. B. Level 1 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 11 is performed through a bicoronal incision. The radix,
nasal bones, and nasal process of the maxilla are exposed, and the periorbita are stripped by reflect-
ing the flap anteriorly. The medial canthal ligaments arc taken down, the upper lateral cartilages 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 supraorbital bar and nasal orbital
complex are osteotomized and removed. After tumor resection. the frontal nasal fragment is affixed
in its anatomic position with rigid fixation. The upper lateral cartilages are reattached to the nasal
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bones, and the medial canthal ligaments are repaired by transnasal wiring. Skull base reconstruction
is achieved with local flaps and cranial autografts as needed.

T

A, Level 11 transfrontal
nasal exposure lor an-
terior approach to the an-
terior cranial fossa and
clivus. B. Level II expo-
sure requires removal ol
the frontonasal unit. (Re-
printed with permission of
the Barrow Neurological
Institute, Phoenix, AZ.)
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14. 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—Ilevel 11 is done with
dissection identical to that used in the level Il approach. The os-
teotomy includes the lateral orbital walls 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 facilitate the lateral
retraction of the globes and greater midline exposure.

Level 11 transfrontal nasal-orbital exposure for larger anterior cranial fossa,
nasopharyngeal, and clival lesions. This approach is similar to level 11, except
that it provides a wider exposure by allowing lateral retraction ol the globes.
Level 11l exposure requires inclusion ol the lateral orbital walls on the fron-
tonasal fragment. (Reprinted with permission ol the Barrow Neurological
Institute, Phoenix. AZ.)

15. What transfacial surgical approach is used for wide exposure of the entire midline skull
base region and large nasopharyngeal and clival lesions that extend in all four directions?

The transnasomaxillary approach—Ievel 1V is done through a modified Weber-Ferguson incision,
which is directed across the radix and along the opposite subciliary margin of the lower lid. After exposing
the skeletal components, a Le Fort Il osteotomy is performed. The osteotomy crosses just medial to the
infraorbital foramen and nasolacrimal duct where the nasal fragment is divided into two fragments. It
is done at the nasal process of the maxilla on one side and at the midline of the palate. The nasolacrimal
duct often can be preserved if caution is used not to retract the nasal fragment excessively. The nasal
sof t-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 transmaxillary approach—Ilevel V is performed through an intraoral approach in which an
upper buccal sulcus incision is made. The anterior maxilla is prepared for a Le Fort | osteotomy and
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A. Level IV transnasomaxillary exposure yields a wide exposure of the entire central skull base from the radix to
the cranial cervical junction. A similar degree of exposure usually can be obtained with a combination of level 111
and level V exposures. B, Incisions for the transnasomaxillary approach. C. Level 1V exposure requires a Le Fort
Il osteotomy. then splitting of the maxillary fragment. (Reprinted with permission of the Barrow Neurological
Institute, Phoenix, AZ.)

if a midline palatal split is required the soft palate is incised to one side of the uvula. The Le Fort 1
osteotomy is then performed and split through the midline. The two maxillary fragments can then be
rotated laterally to expose the clivus. If greater exposure is needed, the pterygoid plates can be in-
cluded on the fragments. A watertight reconstruction of the skull base is performed at closure.
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Left, Level V transmaxillary approach provides exposure of the clivus and nasopharyngeal area. Right. The level
V approach requires a Le Fort | 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 VI is approached through the palate by incising both the nasal
floor and oral mucosa. An incision is also made in the upper buccal sulcus, allowing the nasal floor
to be approached extramucosally. The soft palate is incised to one side of the uvula and continued
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 wall into the antra with 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 arongeur. After tumor resection, the bony palate is secured with rigid fixation, and
the soft tissue is repaired.

A. Level VI transpalatal exposure provides access to the lower clivus and upper cervical region. B. Level VI ex-
posure requires removal ol the hard palate. (Reprinted with permission of the Barrow Neurological Institute,
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 autografts
» Fibrin glue to seal suture lines
* Rigid fixation of bone fragments
« Use of an occlusal splint and preregistered plates when osteotomies involve occlusion

19. What are the options for flap reconstruction?
1. Local (see figure below)

» Pericranial flap: anteriorly based or laterally based on the temporalis muscle. This long flap
extends the entire length of the anterior skull base but is very thin. It is best for the midline
area.

» Temporalis muscle: substantial but short muscle flap that usually cannot reach past the mid-
line. It is best {'or lateral and orbital areas.

* Frontogaleal flap: last resort {or 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 pericranial, temporalis,
and frontogaleal flaps. (Reprinted with permission of
the Barrow Neurological Institute, Phoenix. AZ.)

2. Regional: the pectoralis major, latissimus dorsi, and trapezius muscles are useful for lateral
skull defects (see figure at top of next page).

3. Distant flaps: the rectus abdominis free flap is versatile for closure of skull base defects. It
can be used as a composite flap with the peritoneum and posterior rectus sheath as a vascularized
dural graft. The latissimus dorsi and omentum also have been used to fill dead space and to cover the
surface of the skull and upper face.
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A. The osteotomy around the preserved cribriform plate is sealed with a perforated. laterally based pericranial
flap. The cribriform plate is 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 transfrontal nasal approach. (Reprinted with permission of the
Barrow Neurological Institute, Phoenix. AZ.)

20. What is the postoperative management of a patient who has undergone skull base
surgery?

1. ICU monitoring

2. Postoperative CT scans or MRIs to evaluate the brain, tumor site, and presence of any dead
space and/or intracranial air

3. Endotracheal intubation until adequate resolution of swelling to ensure airway protection

4. Continuation of prophylactic antibiotics

5. Lumbar drain for CSF management

6. Close surveillance for infection. bleeding, and neurologic and/or medical complications
21. What complications may occur after skull base surgery?

Neurologic complications Malocclusion Epiphora

Systemic complications Palatal fistula Bleeding

Wound infection Speech abnormalities Flap or graft failure

CSF leak

22. What improvements in survival rates after skull base surgery have been seen over the past
four decades?

In a 1995 study. O'Mally and Janecka demonstrated an increase in survival rates from 52% and
49% for 3 and 5 years after surgery (1960s and 1970s) to 57-59% for 3-year and 49% for 5-year sur-
vival in the 1970s and 1980s. A 5-year survival rate of 56—70% has been achieved in the 1980s and
1990s. The advances of skull base surgery over the past 40 years have allowed the decline in mortal-
ity rates and improved resectability of tumors once thought to be inoperable.
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22. PRINCIPLES OF ORTHOGNATHIC SURGERY
Mitchell A. Stotland, M.D., and Henry K. Kawamoto, |r., M.D., D.D.S.

1. What isthe Angle classification?

The universally accepted system for describing dental occlusion was developed by the ortho-
dontist Edward Angle. The Angle classification regards the upper first molar as its point of reference
and describes the anterior-posterior (mesial-distal) relationship between the maxillary and mandibu-
lar arches.

In class I occlusion (neutroocclusion) the mesiobuccal cusp of the maxillary 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 maxillary
arch. Thus, the mesiobuccal cusp of the maxillary first molar articulates with the distal portion of the
mandibular second bicuspid and the mesial cusp of the first molar. Class 1l occlusion is sub-classi-
fied into divisions | and 2, in which the anterior teeth are flared labially or palatally, respectively.

In class III malocclusion the mandibular dentition is positioned mesially in relation to the max-
illary dentition. Thus, the mesiobuccal cusp of the first upper molar intercuspates with the distobuc-
cal groove of the lower first molar.

CLASS | CLASS 1l CLASS 1

Angle classification ol dental occlusion. (From McCarthy JG, Kawamoto HK Jr. Grayson BH, et al: Surgery of
the jaws. In McCarthy JG (ed): Plastic Surgery. Philadelphia, W.B. Saunders, 1990, p 1193, 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 maxillary 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 occlusion the
condyle sits 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 slide into occlusion that distracts the condyle and destroys
its unstrained position. With prolonged loss of centric relation the distracting forces may lead to
muscular, soft tissue, and bony pathologic changes in and around the TMI. In repositioning the max-
illary and/or the mandibular arches, it is critical not to overlook the concept of centric relation while
focusing primarily on achieving centric occlusion. 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 fixation.

118
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3. What is meant by over jet and overbite?

QOverjet 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 scientific 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 maxillary 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 maxilla 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 facial height to the anterior facial height. It is
derived from the angle between the Frankfort horizontal plane and the mandibular plane. The mean
mandibular plane angle is 21 £ 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 line 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]).

The mandibular plane is formed by the line joining the most inferoposterior point at the
mandibular angle (gonion |Go|) with the lowest point on the contour of the mandibular symphysis
(menton [Me]).

Cephalometric relationships. (Left. from Ferraro JW: Cephalometry and cephalometric analysis. In Ferraro JW
(ed): Fundamentals of Maxillolacial Surgery. New York. Springer Verlag. 1997, p 236: Right. from McCarthy JG.
Kawamoto HK Jr. Grayson BH. et al: Surgery of the jaws. In McCarthy JG (ecl): Plastic Surgery. Philadelphia.
W.B. Saunders. 1990, p 1196, with permission.)

5. What is the normal amount of incisor show with the lips in repose and during smiling?
With the lips 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 mentalis strain (manifested by chin dimpling)



120 Principles of Orthognathic Surgery

is not needed to achieve lip competence. With smiling, the full length of the upper incisors ideally
should be visible with little 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 culture. 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 profile usually sits at the level of the lower
lip or slightly anterior. The labiomental groove is approximately 4 mm deep in women and 6 mm
deep in men. Changes in lip 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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7. Whatisthe value of a surgical splint in an orthognathic procedure? How are splints made?
Precise control of three-dimensional movements is necessary for surgically repositioning tooth-
bearing segments of bone. This principle is critical in the achievement of a balanced. stable, and aes-
thetically pleasing bimaxillary relationship. However, after mobilizing an osteotomy segment, exact
control of three-dimensionality can be dilficult. Surgical splints 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 performed 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 acrylic is allowed to harden
along the occlusal surfaces. This represents the guiding splint that is used at the time 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-
illa and mandible) and to coordinate the two arches so that they fit together ideally at the time of sur-
gical mobilization. Dental models are serially obtained during the period of orthodontia to determine
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precisely the dental movements that will result in a stable, class | occlusal relationship after surgery.
In many patients dental compensations develop in response to long-standing skeletal deformity (eg.,
flared lower incisors in class 11 cases. retroclined lower incisors in class Il cases). Such compensa-
tions usually need to be corrected preoperatively to allow maximal postoperative dental intercuspa-
tion. This orthodontic correction results in a temporary, preoperative worsening of the deformity but
ultimately leads to a more stable postoperative outcome.

9. What are the most common osteotomies used to perform mandibular repositioning?

(1) Vertical and oblique ramus osteotomy. (2) inverted L osteotomy, and (3) sagittal-split 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 generally 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 maxillary or mandibular deformity. A
patient exhibiting class | occlusion and otherwise pleasing facial proportions may suffer aestheti-
cally from an abnormally proportioned chin. Osseous genioplasties, therefore, may be performed
alone or in conjunction with orthognathic procedures to improve facial harmony. A useful classifica-
tion breaks down chin deformities into seven categories. Appreciation of the exact nature of the chin
deformity helps to determine the specifiic method of skeletal or soft tissue correction required.

1. Macrogenia: horizontal, vertical, or combination bony excess.

2. Microgenia: horizontal, vertical, or combination bony deliciency.

3. Combined micro- and macrogenia: combination deformity: excess and deficiency in dif-
ferent planes.

4. Asymmetric chin.

5. Pseudomacrogenia: normal bony volume with excessive soft tissue.

6. Pseudomicrogenia: normal bony volume with retrogenia secondary to excessive maxillary
growth and associated mandibular clockwise autorotation.

7. Witch’s chin deformity: secondary to a soft tissue ptosis.

11. What s the long face syndrome? Suggest a basic surgical approach.

This appearance is associated with vertical maxillary excess. Physical I'ndings may include ex-
cessive lower-third facial height, narrowed alar base, obtuse nasolabial angle, anterior-open bite with
associated mentalis strain or lip incompetence. excessive gingival show and upper incisor display in
repose and with smiling, and retrognathia associated with a backward autorotation of the mandible
(clockwise rotation and obtuse mandibular plane angle, as seen on the lateral cephalogram). After
prior orthodontic preparation, surgical trcatment typically includes a Le Fort | osteotomy with max-
illary impaction. A baseline class Il malocclusion may not be corrected by a combination of maxil-
lary impaction and mandibular autorotation. Correction of occlusion is achieved either by
incorporating a posterior movement of the maxilla or by adding a mandibular advancement to the
maxillary impaction. If" a true microgenia exists (i.e., separate from the retrogenia caused by back-
ward mandibular rotation), an osseous genioplasty may be addedl to achieve desired facial harmony.
Decisions are based on an overall 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 maxillary deficiency. Physical findings may include
decreased lower-third facial height. lack of incisor show with an edentulous 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 | osteotomy with down-fracture. The proce-
dure often necessitates an interposition bone graft to enhance stability and to prevent relapse. Often
a horizontal maxillary 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.
(1) The descending palatine artery (which divides 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 maxillary artery.

The posterior superior alveolar and infraorbital arteries perfuse the maxillary buccal alveolus,
periodontium, and teeth. The other vessels listed above, which provide palatal contribution, supply
the majority of blood to the mobilized Le Fort I maxillary segment. In fact, anatomic studies indicate
that the descending palatine artery is commonly sacrificed during Le Fort I pterygopalatine dis junc-
tion. As as result, the ma jor vascular supply of the mobilized 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 10-15% of patients under 40 years of age.

 Lingual nerve sensory disturbances are not common. Immediate postoperative tongue
paresthesia secondary to lingual nerve injury probably occurs in less than 10% of patients.
Long-term deficit occurs in < 1 %.

« Facial paralysis or paresis secondary to facial nerve injury is extremely rare and is typically
associated 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
either the inferior alveolar or lingual nerves. With an intraoral approach to this procedure, facial
nerve injury is also uncommon.

3. Genioplasty: Long-term dysfunction of the distal inferior alveolar nerve (mental nerve)
should occur in < 5% of cases.

4. Le FortI osteotomy

» Temporary sensory disturbance resulting from traction injury to the infraorbital nerve
and to the greater palatine neurovascular bundle is common immediately after Le Fort |
osteotomy. Fortunately, these changes almost always resolve spontaneously over the ensu-
ing weeks or months.

» During down-fracture of the maxillary 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.

15. 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 is provided for
by a hinge action of the TMJ. The remaining 15-20 mm of opening occurs through an anteroinfe-
rior translation of the condyle along the articular eminence. Vertical mandibular opening of 10-24
mm is severely limiting. 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 subluxation or
dislocation.

CONTROVERSIES

16. Does orthognathic surgery improve TMJ symptoms?

The relationship between TMJ dysfunction and malocclusion has been a sub ject of long-stand-
ing debate. Some patients with skeletal malocclusion habitually assume a convenient bite, sliding
the mandible out of a centric relation position to approximate more closely a neutral class I dental
relationship. With time, the associated strain on the TMJ may lead to symptomatic pathologic
changes. By attempting to achieve a simultaneous correction of both skeletal and dental occlusion
(i.e., combining centric relation with centric occlusion), orthognathic surgery may relieve some of
the abnormal forces applied to the joint. Overall, however, although it may prove beneficial in any
given case, clinical reports are conflicting and do not suggest that orthognathic surgery reliably
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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 multiple 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, clinical reports have demonstrated multiple episodes of condylar resorption
separated by intervals of quiescence. In respect to orthognathic surgery, TMJ loading after
mandibular advancement may lead to postoperative PCR and clinical relapse. Opinion differs as to
the treatment of PCR after orthognathic surgery. The application of maxillomandibular fixation is
advocated by some to rest the condyles before allowing them to adapt gradually to the increased
stress following mandibular advancement. Others believe that early and active TMJ function is in-
dicated to promote optimal pericondylar blood flow and nutrition. Reoperation for relapse sec-
ondary to PCR has been disappointing with evidence of renewed flare-ups of condylar resorption
leading to further clinical relapse.
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23. DENTAL BASICS
Cynthia L. Rosenberg, D.D.S., M.S.D.

1. How are teeth identified?

The most common notation system for permanent teeth is the Universal system. The maxillary
teeth are numbered 1-16, starting with the upper right third molar (no. 1) and proceeding to the
upper left third molar (no. 16). The mandibular teeth are numbered 17-32, starting with the lower
left third molar (no. 17) and preccding to the lower right third molar (no. 32). Thus, the maxillary
left central incisor is no. 9.

I 2 34 5 6 7 81 910111213 141516 | .4
32 31 30 29 28 27 26 25124 23 22 21 20 19 18 17
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

ABCDEIFGHTI]J
TS RQPIONMLK

The Palmer notation system, used mostly by American orthodontists, numbers the teeth -8 in
each quadrant, starting with the central incisor (no. 1) and proceeding to the third molar (no. 8). The
quadrant is indicated by a bracket around the number. Thus, the maxillary left central incisoris |1 .

Left

Right
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876543 345678Lef[
876543 345678

A two-digit system introduced in 1970 by the Federation Dentaire Internationale (FDI) has been
adopted by the International Standards Organization (ISO). The ISO/FDI system identifies each of
the 32 permanent teeth with a two-digit number. The first digit identifies the quadrant (1-4), and the
second digit identifies the tooth type (1-8). Thus, the maxillary left central incisor is 21 (pronounced
“two-one”).

Right

111
Iy 11

1919
1919

Right 18 17 16 15 14 13 12 11 Il zll E

48 47 46 45 44 43 42 41
The 20 deciduous or primary teeth are represented in similar fashion: quadrant (5-8) and tooth
type (1-5). Thus, the primary maxillary left central incisor is 61 (pronounced “six-one™).
Right 55 54 53 52 51 | 61 62 63 64 65 Left
TR B4 R3IR2 K LTI 72737475

2. How are the surfaces of the teeth described?

The surfuces of the teeth that face the central incisors (toward the midline) are the mesial sur-
faces. Those that face away tfrom the midline (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 1890 by Edward Angle, is based on the
position of the upperfirst molar. In class I occlusion, the mesiobuccal cusp of the maxillary first molar
occludes in the mesiobuccal groove of the mandibular first molar, producing a normal anteroposterior
relationship. In class II malocclusion, the lower first molar is distal to the upper first molar, usually
one-half to one full cusp distance. Angle divided class II malocclusion into two divisions. In class 11,
division I, the upper anterior teeth are flared forward. In class 11, division 2, the anterior teeth of both
the maxilla and mandible are retruded with a deep overbite. In class 111 malocclusion, the lower first
molar is mesial to the upper first molar, usually one-half to one full 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.

Angle classification of occlusion. A, Class I, normal occlusion. B.
Class 11 malocclusion. C. Class Il malocclusion. (From Manson P:
Facial fractures. In Aston SJ. Beasley RW, Thorne CHM (eds): Grabb
and Smith’s Plastic Surgery. 5th ed. Lippincott-Raven. Philadelphia.
1997, 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 walls 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 line. 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 pulp chamber, which continues as the pulp canal in the root. The pulp tissue furnishes the
nerve and blood supply to the tooth through the apical foramen.

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
ed. Philadelphia, Lippincott-Raven. 1997, p 387.
with permission.)

5. What are the names of the teeth?

?&:ﬁ— Enamcl
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Puip canal
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The 32 permanent teeth are divided into 4 quadrants. Starting at the midline, 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 midline, each quadrant has a central incisor, lateral incisor, canine, first molar

and second molar.

Normal adult dental arches contain 32 tecth, 16 in each arch. There are 3 molars,
2 bicupsids. | cuspid. and 2 incisors on each hall of both maxillary and

mandibular dental arches. (From Manson P: Facial fractures. In Aston SJ,

Beasley RW, Thorne CHM (eds): Grabb and Smith’s Plastic Surgery. Sth ed.
Lippincott-Raven. Philadelphia, 1997, 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 maxillary teeth are supplied by the maxillary division of the
trigeminal nerve, which divides 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 supplies the maxillary 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
life. They are most common in the mandibular anterior region and are usually shells 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 dentition. It is more common in
permanent dentition, 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 lip and palate. A supernumerary tooth located be-
tween the maxillary central incisors is called a mesiodens.

9. What is the most common congenitally missing tooth?

The most common missing tooth is the third molar, followed by the mandibular second premo-
lar, maxillary lateral incisor, and maxillary second premolar. Agenesis of numerous teeth (oligodon-
tia) or failure of all of the teeth to develop (anodontia) is often associated with ectodermal dysplasia
and oral-facial-digital syndrome.

10. What is the difference between overbite, over jet, and anterior openbite?

QOverbite is the amount of vertical overlap measured between
the upper and lower incisal edges when the teeth are in occlusion.
Over jet is the horizontal overlap measured from the labial surface
of the lower incisor to the labial surface of the upper incisor, parallel g
to the occlusal plane, when the teeth are in occlusion. Anterior
openbite is a negative overbite in which the upper and lower in-
cisors do not make contact.

Overbite

2 -

Relationship of the incisal edges. Overbite is the vertical overlap and over jet
the horizontal overlap of the incisal edges. (From McCarthy JG, Kawamoto
HK., Grayson BH, et al: Surgery of the jaws. In McCarthy JG (ed): Plastic
Surgery. Philadelphia, W.B. Saunders, 1990, p 1194, with permission.)

Overjet

11. What is a crossbite?

A crossbite is an abnormality 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
tilting of the maxillary teeth toward the cheek. A lingual crossbite results from lingual 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.

Buccal  Rlatal
side Side

LINGUAL

i CROSSBITE
A B C

Buccolingual relationship of the teeth. A, Buccal crossbite. B, Neutral (centric) occlusion. C, Lingual crossbite.
(From McCarthy JG, Kawamoto HK, Grayson BH, et al: Surgery of the jaws. In McCarthy JG (ed): Plastic Surgery.
Philadelphia, W.B. Saunders, 1990, p 1194, with permission.)
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12. 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 determined by maximal contraction of the muscles of the jaw. It is
considered a stable, reproducible position 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. It 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 avulsion. Tooth fractures are the
most common injury to permanent teeth and may involve the enamel, dentin, pulp, and/or root.
Fracture involving the pulp requires endodontic treatment. Treatment of a root fracture depends on
its location. The prognosis for repair and maintenance of tooth vitality is most favorable if the frac-
ture is in the apical third of the root. Subluxation is either intrusion or extrusion. An intruded pri-
mary tooth will erupt on its own. An intruded permanent tooth requires orthodontic treatment to
reposition. If a primary tooth is extruded, it should be removed. An extruded permanent 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 ligament
cells 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 following order:

« Central incisors, 6--7mo = Canines, 16-18 mo

« Lateral incisors, 7-9 mo » Second primary molars, 20-24 mo

» First primary molars, 12—-14 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 maxillary 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 following order:

» Mandibular central incisors, 6 yr » Mandibular canines, 10 yr
» Mandibular lateral incisors, 7 yr » Second premolars. 11 yr

» Maxillary central incisors, 7 yr » Maxillary canines, 11 yr

» Maxillary lateral incisors, 8 yr * Second molars, 12 yr

» First premolars, 10 yr * Third molars, 17 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 mamelons. They are soon worn down through normial attrition. Mamelons will
remain if the teeth are malaligned 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 epithelium is recognized on the mandibular and max-
illary processes. This tissue proliferates and forms the dental laminae from which tooth buds de-
velop. Each tooth goes through a series of stages as cells differentiate and proliferate. 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-
vical 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,
forexample, is an aggressive odontogenic tumor that is thought to form from ameloblasts that do not
differentiate to the stage of enamel formation.

18. What is the process of dental decay?

The earliest clinically recognizable stage of dental decay is a white-spot lesion, which results
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 is 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 healing. Severe pain is usually pre-
sent by this time, and a periapical abscess may form in the surrounding bone. Dental decay may be
difficult to see clinically. Dental radiographs show a decayed area of a tooth as more radiolucent
than the unaffected area.

19. What are the muscles of mastication?
The masticatory muscles concerned with mandibular movement include the masseter, medial
pterygoid, lateral pterygoid, and temporalis 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 is active during jaw-opening and protrusion movement. The masseter
muscle is the most powerful muscle of mastication; it elevates the mandible and assists in protrusion.
The medial pterygoid muscle, like the masseter. elevates the mandible and is active during protru-
sion. It also helps in lateral positioning of the jaw. The temporalis muscle is divided into two parts. It
is the principal positioner of the mandible during closing. The posterior part retrudes the mandible;
the anterior part is active in clenching.

21. What are the average measurements of mandibular movementin 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 {ingers. The maximal lateral
movement is [0—-12 mm, approximately the width of the maxillary central incisor. The maximal pro-
trusive range is 8—11 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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24. ASSESSMENT AND MANAGEMENT
OF FACIAL INJURIES

Paul N. Manson, M.D.

1. What are life-threatening facial injuries?

1. Hemorrhage: Occasionally, profuse hemorrhage results from maxillofacial injuries. Such
injuries are either upper Le Fort fractures or nasal ethmoidal fractures in which nasal and sinus wall
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 packing can be placed. Failure to
control bleeding should prompt re-packing. In the case of Le Fort fractures, placement of the patient
in intermaxillary fixation often dramatically limits 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. If these measures fail, ligation of the external carotid
and superficial temporal arteries will limit blood flow in the common area of maxillofacial artery
transection (generally the internal maxillary 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 swelling, pharynx and tongue swelling
and obtundation, and floor of mouth swelling disturb swallowing mechanisms.

2. The presence of fat in a periorbital laceration should mandate what examination?

It implies the possibility of a globe-penetrating injury, and the globe should be carefully exam-
ined, both externally and fundoscopically, for the presence of a laceration. As a baseline, visual
acuity should be recorded in every patient with a facial injury, as should the presence of double
vision. In comatose patients, the pupillary reaction is noted.

3. The presence of a Marcus Gunn pupil implies what cranial nerve injury?

Injury to the optic nerve, if partial, may present as a Marcus Gunn pupil. The Marcus Gunn
pupil implies a paradoxical pupillary dilatation when a light is swung between the intact and injured
eyes. Normally, the light causes constriction on the side of the injured and normal eyes eye as it is
swung back and forth between the opposite eye and the eye in question. When the optic nerve is in-
jured, paradoxical dilatation rather than alternating constriction occurs. This finding implies a partial
lesion of the optic nerve. Optic nerve lesions are first detected by a change in the rapidity of the re-
sponse of the pupil to light. Thereafter, visual acuity deficits occur, including the Marcus Gunn
pupil. Any diminished vision 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 bleeding is a nonspecific event that accompanies many craniofacial 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.
Bilateral epistaxis is seen in bilateral 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 place 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
following a zygoma fracture, when the zygoma fracture is medially 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. In
the proximal % of the orbit the nerve is in a groove; in the distal third it is in a canal. The canal exits the
maxilla about 10 mm below the infraorbital rim parallel to the lateral margin of the cornea in straight-
forward gaze. A branch of the nerve travels in the anterior wall of the maxilla 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 lip implies 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 larynx, or swelling in the floor of the mouth produce respiratory ob-
struction. If possible, a tracheostomy should be performed under operative conditions that permit
careful identification of the trachea. A tracheostomy should be performed through a horizontal inci-
sion in the skin and a vertical incision 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
situations, a cricothyroidotomy may be performed between the cricoid and the hyoid cartilages.
Cricothyroidotomy is meant to be a rapid, life-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 maxillofacial soft tissue 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 slight 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 if they cannot be cleared, the patient
must be treated as if 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 (classically of the ramus of the mandible) is one of the
most difficult to identify in CT scans. Axial and coronal imaging is preferred with appropriate bone
windows. Soft tissue windows often miss nondisplaced maxillofacial fractures; proper imaging,
proper slice thickness, and combining physical examination findings with CT scan data help to pre-
vent “missed” in juries.

9. The Panorex exam of the mandible is likely to miss fractures in what mandibular region?
The Panorex radiograph generally requires patient cooperation and is a flat view taken by a
movable x-ray beam that displays the entire mandible as a flat structure. Some overlap and blurring
is usually 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 mucosal 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 in the teeth. Alveolar fractures and fractures of the palate allow mobility of the maxillary
dentition. Le Fort fractures have a mobile maxilla, but the segments of the dental arch are not mobile.
Segments of the arch in palate [ractures often are displaced laterally and are mobile, whereas the Le
Fort fracture displays mobility at the Le Fort I, II or Il levels. In Le Fort fractures, the maxillary dental
arch moves as a one-piece unit. The presence of a palatal alveolar fracture demands additional reduc-
tion techniques and/or splinting in combination with techniques used to stabilize Le Fort fractures.
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11. Which nasal ethmoidal fractures do not display telecanthus?

Nasoethmoidal 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 maxilla, are usually rotated pos-
teriorly and medially at the inferior orbital rim and piriform aperture. Therefore, they tend to tense
the medial canthal attachment and lengthen the palpebral fissure. A **bowstringing” effect on the palpe-
bral 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
allows the attachment of the medial canthal ligament to the frontal process of the maxilla 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 {1uid 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 [luid). 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. Alternatively, dye or radiographically 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 {istula.

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 shortencd 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 Il and I1I fractures generally present with what changes in facial struc-
ture and occlusion?

Untreated fractures of the Le Fort varicty generally present with bilateral eyelid ecchymosis, bilat-
eral infraorbital nerve numbness, bilateral nasal bleeding, and dramatic facial swelling. A malocclusion
is present. Generally the maxilla has dropped inferiorly in its posterior aspect, creating premature con-
tact in the posterior dentition and an anterior open bite. The maxillary dental arch is usually rotated. The
facial features are flattened and elongated, producing the so-called donkey facies of maxillary and zygo-
matic retrusion, nasal retrusion, and an increase in the length of the middle third of the tacial 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 1T and
Le Fort I1I) fractures. Maxillary mobility is normally the hallmark of a Le Fort fracture: however, it
is absent in incomplete injuries. Displacements are usually slight. and the malocclusion is easily
missed. Often there is a slight rotation or a slight malocclusion. The malocclusion can be ascribed,
therefore, to swelling and is easily missed. The fracture is also easily missed in radiographs, because
there is no displacement between fragments, and the CT scans do not image undisplaced fracturcs
with clarity. Therefore, the diagnosis must be suspected in any patient with minor malocclusion and
periorbital bruising. The injury is usually treated satisfactorily by the application of arch bars and
traction elastics for a short (3-week) period. Missing the fracture generally requires a maxillary Le
Fort | 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 easily missed in radiographs (they
generally require carefully 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 are diagnostic of a fracture within the superior
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orbit; therefore. it is an anterior cranial fossa fracture. Disturbances of olfaction and a cerebrospinal
fluid leak also may accompany these injuries. The most common cerebral symptom is a slight dis-
turbance of memory or consciousness. Even briel periods of unconsciousness imply brain contusion.

17. 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 the 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 medially. The posterior displacement of the globe is termed
enophthalmos. Generally, an increase of | cc in orbital volume is required for each millimeter dis-
placement of the globe. Inferior globe displacement is called ocular dystopia. Displacement is permit-
ted by expansion of the floor, medial orbital wall, and, in cases of the zygoma, the inferior orbital rim.

18. Howareinjuries 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 line between the ear canal and the base of the nose and exits into
the mouth opposite the second maxillary 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 toboth. Therefore, lacerations that present with buccal branch
facial nerve weakness should raise suspicion for parotid duct injuries. The duct can be cannulated
with an angiocath intraorally. If saline is flushed into the duct. the appearance of saline 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 fine “stent” catheter with 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 skull-base fractures. They may be longitudinal or
transverse. High-dose steroids and decompression are considered for certain injuries. The prognosis
varies with the site of the fracture.

20. Subluxation of the condylar head anterior to the glenoid fossa produces what symptom?

It produces an open bite and inability to close the mouth. The mandible is “locked” open. The
joint is usually anesthetized to relax the muscles; then finger pressure is delivered downward to the
posterior maxillary dentition to ease the condylar head back into the fossa. Limited mouth opening
is prescribed. Occasionally, surgical intervention is necessary to prevent recurrent dislocations.

21. Transection of the lacrimal system is suggested by what physical signs?

It is usually heralded by a laceration in the vicinity of the medial canthus. The lacrimal punctum
may be dilated and saline squirted through the punctum into the system. Appearance of saline in the
wound is diagnostic of a canalicular laceration. Both upper and lower canalicular lacerations should
be repaired. Tubes are placed into the nose, through the lacerated canniculus to splint the repair.
Damage to the lacrimal system commonly accompanies Le Fort I1I and nasoethmoid fractures.
However. such damage usually produces compromise or obstruction of the lacrimal system within
the nasal lacrimal duct: repair and repositioning of the fracture fragments often permit adequate
function of the system. Repair of a chronically obstructed nasal lacrimal 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 benetit from debridement. The facial blood supply is excellent, and often
contused bits of tissue will heal but with increased scarring. Therefore, the zone of contusion should
be excised, if permitted by flexibility and availability of soft tissue, to prevent distortion. Excision
should not be performied in the upper and lower eyelid areas because the eyelids 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 eyelid
margin lacerations, nostril rim lacerations, or lacerations of the lip 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 facial soft tissue, including the fat mimetic muscle system and the skin dermal and epi-
dermal components, should be performed.

23. Three-dimensional CT scans are indicated in what kind of fracture evaluation?

Three-dimensional CT scans are helpful foran overall picture of the fracture and are most useful
for comparing symmetry between the sides or displacement of the zygoma or mandible. 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 sof't tissue windows provides the most accu-
rate facial injury assessment.

24. What potentially lethal facial fracture emergency is commonly overlooked?

Aspiration of ten accompanies fractures of the upper and lower jaws. It is easily missed and ac-
counts for pulmonary complications that may have severe consequences. It 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 allows penetration of nasogastric tubes, nasal fracture reduction instruments,
and nasal packing into the anterior cranial fossa. One must be aware of the usual location of the crib-
riform plate, 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 lip 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 it reaches the mental foramen opposite the first bicuspid
tooth. It then exits the jaw and travels in the soft tissue. Fractures of the angle andbody 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 examination for mandibular 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 vision, periorbital and subconjunctival hematoma, and perhaps a visual acuity deficit. The
visual acuity deficit is not specific to the orbital fracture, but implies damage to the globe or the
optic nerve. Generally orbital fractures present with exophthalmus due to swelling. Enophthalmus is
present within 1-3 weeks if the orbital cavity is significantly enlarged and appears as the swelling
resolves. An orbital volume enlargement of more than 5-10% justifies open reduction. Generally, or-
bital fractures are accompanied by diplopia when the patient looks upward or downward. Diplopia
in downgaze is 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 virtue of entrapment of
fat that is tethered to the muscles by fine ligaments or, less commonly, entrapment of the muscle
itself, should be treated with operative intervention. Diplopia due to muscle contusion usually im-
proves significantly without operative intervention.
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25. PEDIATRIC FACIAL FRACTURES
Richard C. Schultz, M.D., FA.C.S.

1. What are the four most common causes of nasal fractures in children?
Auto accidents (40%), sports injuries (25%), intended in juries (15%), and home injuries (10%).

2. What type of anesthesia is used most frequently during the reduction of nasal fractures?
In children over the age of 6 years, displaced nasal fractures can readily be reduced under local
anesthesia using intranasal packs of cocaine and epinephrine and external block using 1% 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 septal forceps; and C, Salinger reduction instrument. (From Schultz RC (ed): Facial
injuries, 3rd ed. Chicago. Year Book Medical Publishers, 1988, with permission.)
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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 glabellar fractures) are the most seri-
ous. These fractures are frequently associated with fractures of the frontal and temporal bones,
extend intracranially, 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?

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 classic bitemporal (coronal) forehead
flap. (From Schultz RC (ed): Facial injuries, 3rd ed. Chicago, Year Book Medical Publishers, 1988. with permission.)

7. What is the most frequently used surgical approach to reduction of depressed fractures of
the zygoma in children?

A, Force involved in causing a depressed {racture of the zygoma. B, Proposed incisions in the lower eyelid and
lateral aspect of the brow. C. Incision 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 (Tacture. £, 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 Publishers, 1988, 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 thickened bony buttresses that support the
vertical and oblique dimensions of the face. (From Schultz
RC (ed): Facial injuries, 3rd ed. Chicago. Year Book
Medical Publishers. 1988. with 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?

[, Transverse (Le Fort 1). //, Pyramidal (Le Fort I1).
[11. Craniofacial dysjunction (Le Fort I[I). (From
Schultz RC (ed): Facial injuries. 3rd ed. Chicago. Year
Book Medical Publishers, 1988. with permission.)

LeFort Classification
of
Maxillary Fractures

11. How are displaced maxillary fractures reduced? What instruments are used?

Surgeons first attempt to reduce maxillary fractures by closed means. using maxillary disim-
paction forceps to disimpact and reduce the fractures (see figure. top of next page). The blades of
these instruments lie within 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 reestablish
the maxillary position both vertically and horizontally. This maneuver does not provide fixation. The
various forms of fixation available to the craniomaxillofacial surgeon involve wiring mini- or micro-
plates (usually titanium or Vitallium) in conjunction with the use of bone grafts.

12. Describe the most common fracture of the mandible in children.

Greenstick fractures of the mandible. particularly in the condylar region, are relatively common
in children. Fractures with dislocation are seen less often but are more apt to occur in the body of the
mandible.
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Reduction of maxillary fracture by closed means,
using maxillary disimpaction forceps to disimpact and
reduce the fracture. (From Schultz RC (ed): Facial in-
juries, 3rd ed. Chicago, Year Book Medical Publishers,
1988, with permission.)

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 life the condyle consists of a delicate vascular
sponge with a covering of thin cortical bone. Within this period a severe blow applied 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 in turn may lead
to ankylosis of the joint and growth disturbances.

14. What type of condylar fracture is seen most often in children?

Subcondylar greenstick fractures are more common than intracapsular fractures. Subcondylar
greenstick fractures are usually displaced medially and cause a temporary lateral crossbite. They
sometimes go unnoticed but rarely result in permanent disability or deformity unless they are bilat-
eral. Bilateral 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 intermaxillary
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 children are complicated by mixed dentition with
teeth in various stages of eruption. Radiographs can be misleading when undisplaced fractures are
covered by developing tooth buds. Panorex x-ray examination may provide additional information in
such cases. In the mandible filled with developing deciduous and permanent teeth, the ratio of tooth
structure to alveolar bone is high. The fractures, therefore, are likely to follow the lines of develop-
ing teeth. Unerupted teeth in the line 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 mixed dentition, deciduous teeth may be exfoliating and permanent teeth
justerupting. This process may interfere with the use of interdental wires and arch bars. The use of in-
terdental wires is further complicated because primary teeth are conically shaped and thus hold wire
ligatures poorly. In this situation conventional methods such as open interosseous wiring, arch bar fix-
ation, and Blair-lvy loops are inappropriate. A custom-made acrylic trough splint can be used instead.
After reduction of the fracture, the splint is fit into position over the teeth having first incorporated
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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 with displaced fractures of
both the body and condyle, because immobilization of the body fracture is essential but immobiliza-
tion of the condylar fracture is contraindicated. When intermaxillary fixation is indicated, the cir-
cumandibular wires can be ligated by wire intraorally to the piriform aperture. The bony ridge
making up the piriform aperture in a child is bordered by a substantial bony lip: it 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 result in greater anatomic reduction of any frac-
ture. Such 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 positioning can be achieved, thus avoiding extensive dissection. As
growth continues, remodeling of bony contour may be anticipated in children. In addition, the inter-
maxillary occlusion in children can be more forgiving, and the use of orthodontia for a more precise
occlusion becomes an option at a later age.
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26. FRONTAL SINUS FRACTURES

). Gerald Minniti, M.D., and Raymond Harshbarger, M.D.

1. What are the most common causes of frontal sinus injury?
The great majority of in juries (60—80%) result from automobile accidents. Assaults run a distant
second (approximately 20-30%), and the rest are due to falls 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, it is much less common for the lower frontal bone to fracture (5-15% of all max-
illofacial injuries). 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, maxilla, or mandible. Such fractures typically occur with a direct blow to the
glabella region or supraorbital rims; most glabellar fractures involve the frontal sinuses.
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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-
nificant maxillotacial injuries are the rule, not the exception. Frontal sinus 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 patients who suffered frontal sinus 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 higher risk for involvement of the frontal sinuses in craniofacial frac-
tures—children or adults?

The frontal sinus starts as merely an ethmoiclal anlage at birth and begins pneumatic expansion at
age 7 years; development is complete by 18-20 years. The remnants of this embryonic connection be-
tween sinuses are the nasofrontal ducts, a bilateral structure that drains the frontal sinus from its pos-
teromedial aspect, through the ethmoiclal air cells and out to the nasal cavity. usually at the middle
meatus (below the middle turbinate). The small or nonexistent sinuses in the frontal bone in children
and young adolescents make the frontal bone less likely to be involved in a fracture in this area.

~ Aduilt
12 Years of age

——— 7 Years of age
————— — 4 Years of age
1 Year of age
The developing frontal sinus. (From Naumann HH (ed): Head
and Neck Surgery of the Paranasal Sinuses. Philadelphia, W.B.
, Saunders, 1980, p 357, with permission.)
— Adult
~ 12 Years of age
7 Years of age
— 4 Years of age
- 1 Year of age

6. What are the initial signs of frontal sinus fracture?

Any blow to the forehead causing lacerations, 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 sinus involvement. (Caution: a visible or palpable
depression is not always appreciated in the initial clays after injury because of swelling 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. Initial 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-
alignment 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 well-developed frontal sinus with its scalloped superior border. CT scan has become the standard
for evaluation of craniofacial trauma and is most sensitive in determining frontal sinus 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 resolution of the CT scan. Fractures of the floor that run near the midline,
cross the midline, run near the posterior wall. or involve the nasoethmoidal complex are indirect evi-
dence of ductal injury.

Top left. Water's view plain radiograph of the skull showing a normal. well-developed frontal sinus. Right, CT scan
of the head showing a displaced fracture of the anterior table of the frontal sinus. Bortom left. CT scan of the head
showing displaced [racture of both anterior and posterior tables of the frontal sinus. Note the small pneumocephaly
behind the posterior table of the right frontal sinus. (From Rohrich RJ. Hollier LH: Management of frontal sinus
fractures: Changing concepts. Clin Plast Surg 19:219-232, 1992, with permission.)

8. What are the anatomic boundaries of the frontal sinus?

The frontal sinus is typically a bilateral, air-filled cavity that in cross-section is triangular. A
thick anterior table provides the contour of the glabella, 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 cells 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 lines, or dural tears. Early complications
include epistaxis, cerebrospinal fluid leakage, meningitis, and intracranial hematomas. Compli-
cations occurring within weeks are sinusitis. mucoceles, cerebrospinal fluid leakage. and meningitis.
Latercomplications (up to many years) include osteomyelitis, mucopyoceles, intracranial 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, it is certain that the frontal sinuses
serve as a mechanical barrier to protect the brain. They are air-filled compressible cavities that
absorb impact energy that otherwise would be imparted to brain parenchyma. Being in continuity
with the upper respiratory tract, the paranasal sinuses are lined with columnar epithelium replete
with cilia and mucus-secreting glands that drain through the nasofrontal ducts.
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11. Are frontal sinus fractures a surgical emergency?

Fractures of the frontal sinuses are 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.

CONTROVERSIES

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 minimally or nondisplaced posterior table fractures remain controversial. Most clinical
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 incision. 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. Exploration 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 it 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 aneurosurgical 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 injury to the nasofrontal duct can be simply re-
duced and stabilized with microplates or wires.

2. Fractures involving the nasofrontal duct rarely do well when repair of the duct is attempted
with long-term Silastic catheters to promote drainage. The safest and surest procedure is obliteration
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 iliac 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
stabilized. 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.

BIBLIOGRAPHY

1. DisaJD, Robertson BC, Metzinger SE, Manson PN: Transverse glabellar flap for obliteration/isolation of the
nasofrontal duct from the anterior cranial base. Ann Plast Surg 36:453-457, 1996.
. Hoffman HT, Krause CJ: Traumatic injuries to the frontal sinus. In Fonseca RJ, Walker RV (eds): Oral and
Maxillofacial Trauma. Philadelphia, W.B. Saunders, 1991, pp 576-599.
3. loannides C, Freihofer HP, Friens J: Fractures of the frontal sinus: A rationale of treatment. Br J Plast Surg
46:208-214, 1993.
4. Rohrich RJ, Hollier LH: Management of frontal sinus fractures: Changing concepts. Clin Plast Surg
19:219-232, 1992.
5. Rohrich RJ, Mickel TJ: Frontal sinus obliteration: In search of the ideal autogenous material. Plast Reconstr
Surg 95:580-585, 1995.
6. Wolfe SA, Johnson P: Frontal sinus injuries: Primary care and management of late complications. Plast
Reconstr Surg 82:781-789, 1988

19

27. FRACTURES OF THE NOSE
Dennis E. Lenhart, M.D., and Rudolph F. Dolezal, M.D.

1. Which five bones make up the nose?

. Maxilla: frontal process of maxilla

. Frontal bone: nasal process of frontal bone

Nasal bones

Vomer: contributes to the septum

. Ethmoid: perpendicular plate of the ethmoid also contributes to the septum

R —

Frontal bone

Nasal bridge \ Nasal bone

Nasal bone
— Nasomaxillary

process
Nasal bridge

Upper lateral
cartilage

Lower lateral
cartilage

Anterior nasal
spine
Maxilla
Palatine process

Structural anatomy of the nose.
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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 cartilage 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)
V, (ophthalmic division)
- Infratrochlear nerve: skin of bridge and upper lateral area
« Anterior ethmoidal nerve to internal and external nasal branches
V, (maxillary division)
"« 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 basically a pyramidal structure with two nasal passages separated by a midline
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 lie under the
cephalic border of the lower lateral cartilages. The midline septum lies 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 develops severe nosebleed that fails to respond to nasal pack-
ing. Ligation of the maxillary branch of the external carotid artery also fails to control the
bleeding, and speculum examination reveals that the source is superior to the middle turbinate.
What is the likely 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 maxillary artery (sphenopalatine, greater palatine,
and infraorbital branches). The facial artery off the external carotid also supplies the anterior portion
via the superior labial branch. The external carotid artery supplies the nose inferior to the middle
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 likely source of bleeding in this patient. It is also the likely source of bleeding in patients with
aggressive osteotomies as the chisel approaches the glabella.

5. Where do nasal bones usually fracture?

The paired nasal bones articulate in the midline with each other: they are supported laterally by
the frontal processes of the maxilla and superiorly by the nasal processes of the frontal bone. The
proximal nasal bones are stronger and thicker 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 usually result 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 maxilla 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 permanent epiphoria.

7. How can nasal fractures change the interorbital distance?

Violent blows to the nose result in fracture and comminution of the nasal bones. frontal
processes of the maxilla, lacrimal bones, septal cartilage, and ethmoid. Displacement of these frag-
ments and the attached medial canthal ligaments results in broadening and widening of the nasal
dorsum and widening of the interorbital distance.



Fractures of the Nose 145

8. What is the role of radiographs in the diagnosis and treatment of nasal fractures?
Radiographs are of limited value in the treatment of nasal fractures. Standard facial radiographs
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
racliographs serve as a physical record of a nasal fracturc. they are not absolutely necessary to diagnose
the injury. In addition, the presence of a fracture on a radiograph is not an indication for surgery. CT
scans accurately image nasal fractures but should be used only to rule out suspected injuries to the
orbitoethmoid region. Therefore, the decision to operate depends on the physical findings: radiographs
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 following purposes:
I. To control bleeding and prevent septal hematoma
2. To splint the nasal septum into position and to keep the septal mucosa approximated to the
septal cartilage
3. To prevent synechiae if large areas of mucosa are abraded
4. To treat comminuted 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 position of the nasal bones and
appearance of the external nose. If septal injury is not identified 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:

1. Inability to obtain reasonable alignment by closed method

* Dislocation of the caudal septum from the vomerine groove usually does not reduce with
repositioning of the bony nasal pyramid. Manipulative reduction may be attempted: if it is
unsuccessful, 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.

» Septal fractures may be severely displaced and irreducible. Local or limited submucosal re-
section of the area of septal overlap releases the locked septal displacement and provides
better alignment, appearance, and function of the nose.

2. Patients with a preinjury history of nasal airway obstruction.

3. Septal deformity due to undetected or late treatment of a septal hematoma.

11. What is the treatment of a severely comminuted nasal fracture?

Severely comminuted nasal fractures usually can be reduced primarily and supported with in-
tranasal packing and externally applied splints. External splints include standard nasal casts and
splints. as well as the small padded metal splints applied to the lateral sides 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 splinting function helps
(1) to prevent hematoma and later skin thickening. (2) to compress and narrow the splayed nasal
dorsum, and (3) to conserve nasal height.

Some comminuted injuries may require open reduction with direct wiring of fragments, and
some may require bone grafting. However, open reduction early after injury risks loss of bone frag-
ments with little soft tissue attachment and should be used with caution.

12. What is the cause of the saddle deformity?

Saddle deformities result from loss of support of the nasal dorsum. They are usually composite
injuries that involve both bone and cartilage. allowing the nasal bones and upper lateral cartilages to
drop into the piriform aperture. Such injuries include telescoping septal fractures and fractures at the
rhinion that dislocate the upper lateral cartilage attachments. Septal 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?

It is indicated for patients with either functional or cosmetic problems. Even with adequate re-
duction, late deformity may still occur, and patients should be warned. Late deformities may include
a nasal hump or deviation, loss of dorsal height, septal 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.

14. Why are septal hematomas a problem?

The mucoperichondrium of the nose has a rich blood supply, and bleeding is common with nasal
trauma. Hematomas of the septum are frequently bilateral, because fractures of the septal cartilage
allow passage of blood from one side to the other. Blood is trapped between the mucoperichondrial
sleeves and may cause two problems:

|. Untreated septal hematomas may organize and (ibrose 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 result, ending in a
septal perforation.

Loss of a significant portion of the septum is usually 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 septal hematoma?

Septal hematomas are treated with an incision along the base or most inferior portion of the
hematoma to allow dependent drainage and prevent refilling of the cavity with blood or serum.
Bilateral hematomas can be treated with bilateral incisions, maintaining an intact septal cartilage, or
with a unilateral incision and resection of a window of cartilage to create a bilateral communication.
A light nasal packing is recommended as well as prophylactic antibiotics.

16. What are the late complications of nasal fractures?

I. Nasal airway obstruction may develop from septal hematomas, malunited fractures, or scar
contractures. Septal hematomas may organize and fibrose, calcify, or chondrify, forming a thickened
portion of the nasal septum that obstructs the airway. Malunited fractures of the piriform margin and
scar contracture of vestibular lining also may result in obstruction.

2. Saddle deformity due to shortening and collapse
3. Dorsal hump due to periosteal reaction to hematoma
Nasal deviation due to malunion
. Synechiae may form between the septum and turbinates in areas where softtissue lacerations
occur and the tissues are in contact.

6. Osteitis associated with compound fractures or infected hematomas

7. Epistaxis

8. Headaches

by

17. During initial 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 septal hematoma or large
mucosal rent is not missed. Immediate or persistent nasal obstruction after trauma may indicate
septal 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 cartilage 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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28. FRACTURES OF THE ORBIT
Jeffrey Weinzweig, M.D., and Scott P. Bartlett, 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,
lacrimal bone, palatine bone, and maxilla articulate to form each orbit. The paired structures are sep-
arated in the midline by the nasal bones and interorbital space.
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Anatomy ol the orbit. (From Whitaker LA, Bartlett SP: Craniotacial anomalies. In Jurkiewicz MJ, Krizek TJ,
Mathes SJ, Ariyan S (eds): Plastic Surgery: Principles and Practice. St. Louis, Mosby. 1990. p 104. with permission.)
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2. What is the relationship between the anterior cranial fossa and the orbit?
The orbits are situated immediately below the floor 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 fossa is
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 maxilla medially.
Medially: the nasal spine of the frontal bone and the frontal process of the maxilla constitute
the anteromedial orbital wall.
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. Posteriorly it receives a
minor contribution from the lesser wing of the sphenoid.

The orbital floor is composed of the orbital plate of the maxilla, the zygomatic bone anterolat-
erally, and the orbital process of the palatine bone posteriorly. The orbital floor is equivalent to the
roof of the maxillary 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 trom the floor by the inferior orbital fissure.

The medial wall is quadrangular in shape and composed of four bones: (1) the ethmoid bone
centrally: (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-like). which is the largest component of the medial wall.

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 {issure.
Anteriorly, the groove becomes a canal within the maxilla, finally forming the infraorbital foramen on
the anterior surface of the maxilla. The groove and canal transmit the infraorbital nerve and artery.

7. The bony orbit is cylindrical. True or false?

False. It is described as conical or pyramidally shaped, but neither term is completely accurate.
The widest diameter of the orbit is located just behind the orbital rim approximately 1.5 cm within
the orbital cavity. From this point posteriorly, the orbit narrows dramatically in its middle and poste-
rior thirds. The orbital rim is an elliptically shaped structure, whereas the orbit immediately behind
the rim is more circular in configuration. The floor of the orbit has no sharp demarcation with the
medial wall but proceeds into the wall by tilting upward in its medial aspect at a 45° angle. The
medial wall 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 bone.

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 approximately 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 substance of the
lesser wing of the sphenoid. It 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 S mm of the optic nerve. The optic
nerve is usually located 40-45 mm behind the infraorbital rim.

The optic canal is 4-10 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 swelling predispose to vascular compression of the nerve in the canal.

11. 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 lies
between the optic foramen and the foramen rotundum. provides passage to the three motor nerves to
the extraocular muscles of the orbit—the oculomotor nerve (CN III). trochlear nerve (CN 1V), and
abducens nerve (CN VI). The ophthalmic division of the trigeminal nerve (CN V,) 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 portion of the lateral
wall from the floor. permits passage of (1) the maxillary division of the trigeminal nerve (CN V,)
and its branches (including the infraorbital nerve): (2) the infraorbital artery: (3) branches of the
sphenopalatine ganglion; and (4) branches of the inferior ophthalmic vein to the pterygoid plexus.

13. What is Tenon’s capsule?

Tenon’s capsule is a fascial 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 filled 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 laterally)

Superior rectus muscle: elevation, adduction. and intorsion (intorsion—the superior pole of
the globe moves medially)

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 fascial support mechanisms that includes anterior.
posterior, and vertical components. They insert in the frontal process of the maxilla (the medial orbital
margin) from the anterior lacrimal crest to the nasal bone. The orbicularis oculi muscle originates
from the medial canthal tendon. In addition. branches of the canthal tendon divide to extend through
the upper and lower eyelids and to attach to the medial margin of the tarsal plates. Therefore, release
of this tendon, as with fractures of the medial orbital wall. may result in telecanthus (an increase in the
distance between the medial canthi, which may create the illusion of hypertelorism when bilateral).

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 fascial
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 globe 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-ofts 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 light shone in the unaf-
fected eye produces normal constriction of the pupils of both eyes (consensual response). However,
a light shone in the affected eye produces a paradoxical dilation rather than constriction of the af-
fected pupil. This afferent pupillary defect is referred to as a Marcus Gunn pupil. Such lesions, as
well as globe rupture, lens dislocation, and vitreous 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 abnormalities of the medial and lateral
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 allows visual-
ization of blood in the maxillary sinus as well 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.

21. 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 wall 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, 1990, p 995, with permission.)

Zygomatic fractures may require orbital [Toor 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, 1991, p 364. with
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 wall. Depressed fractures involving this portion of the orbit may allow the orbital soft tissue
to be displaced into the maxillary and ethmoid sinuses, effectively increasing orbital volume.

Orbital blow-out fracture (/¢fr). Orbital
floor reconstruction with bone graft
(right). (From Smith JW, Aston SJ (eds):
Grabb and Smith’s Plastic Surgery, 4th
ed. Boston, Little, Brown, 1991, p 371,
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
wall, which are the first to fracture. The mechanism usually involves direct force transfer from the
orbital rim to the orbital floor and medial wall, resulting in buckling 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.

Fractured
B flr;%r of orbit

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 softtissue contents. The inferior oblique and inferior rectus muscles and adjacent
fatare often involved. (From Converse JM, Smith B: Enophthalmos and diplopia in fractures of the orbital {loor.
Br J Plast Surg 9:265. 1957. with permission.)

24. What is the difference between pure and impure blow-out fractures?

Pure blow-out fractures involve the thin areas of the orbital floor, medial wall, and lateral
wall. The orbital rim, however, remains intact. Impure blow-out fractures are associated with frac-
ture of the adjacent facial bones. The thick orbital rim is also fractured: its backward displacement
causes comminution 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 limbus. 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 well.
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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 entrapped orbital
contents and (2) restoration of normal orbital architecture. Intraorbital soft tissue contents must be
freed from any fracture sites. Range of motion of the ocular globe after freeing of the orbital soft
tissue 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 (1) 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, including the medial and lateral
canthal tendons. Sufficient exposure of all fracture sites is necessary to permit adequate reduction
and fixation of all fracture fragments. This goal is achieved either by interosseous wiring or mi-
croplate/miniplate and screw fixation of the fractures with or without the need for bone grafting. 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. Occasionally, 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 extrusion of the
material. 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 (split calvarial, iliac, or split rib) (see figures in questions 21 and 22)
* Allogenic bone grafts (radiated cadaveric tibia)
« Inorganic alloplastic materials (e.g, Medpor, Silastic, Vitallium, stainless steel, Teflon.
Supramid, or titanium implants).

30. Whatare 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 constant 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
results in a noticeable deformity. Correction of enophthalmos involves correction of orbital cavity
size and restoration of the shape of its walls to their original configuration.

32. What is diplopia? Is it always an indication for surgery?

Diplopia is a fancy term for double vision and is rarely an indication for surgery. It is usually
transient and, if present only at the extremes of gaze rather than within a functional field of vision, is
not a critical symptom. It is commonly attributed to hematoma or edema that causes muscular im-
balance by elevating the ocular globe or to injury of the extraocular musculature and temporary ef -
fects on the oculorotary mechanism.

33. What are the ma jor 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 tissue incarceration, warrants early exploration. In-
creased orbital volume secondary to significant fractures that have an area > 2 cm? of displaced or-
bital wall may result 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-
junctival 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 wall. Otherwise. a coronal in-
cision is warranted. Enophthalmos secondary to lateral wall involvement usually requires a coronal
incision.
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34. What complications are associated with fractures of the orbital roof?

Fractures of the orbital roof usually involve the supraorbital ridge, frontal bone, and frontal
sinus 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 VI may be traumatized
with orbital roof fractures, resulting in paralysis of the lateral rectus muscle and limitation 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?

Inferoposterior displacement of a malar complex or zygoma f{racture causes an antimongoloid
slant. This slant results from the inferior displacement of the lateral canthal tendon, which moves
with the fractured lateral orbital wall.

36. How is the orbital floor approached surgically?

There are multiple approaches to the orbit. The bicoronal incision, popularized by Tessier, pro-
vides wide access to the orbits, nose, and zygomas as well as the cranium. It is the preferred incision
for extensive surgery, especially when the orbital roof must be visualized and the orbital contents
must be mobilized 360°.

The subciliary lower eyelid incision begins approximately 2—3 mm below the lash line and ex-
tends from the punctum to 8—10 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 followed below the tarsus until
the rim of the orbit is reached. An incision is made through the periosteum on the anterior aspect of
the orbital rim 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
allows easy access to the lateral and medial walls and floor of the orbit.
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The subciliary cyelidincision. A. Incision design. B. Exposure ol the scptum 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. /). Periostcum of the orbit (periorbita) is clevated from the orbital floor. (From
Converse JM. Cole JG. Smith B: Late trcatment ol blowout fractures ol the tloor of the orbit. A case report. Plast
Reconstr Surg 28:183. 1961, with permission.)

The mid-lid incision is performed within the lid crease, 4-5 mm below the ciliary margin. This
incision avoids many of the problems associated with the subciliary 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 (lid 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 lascia, and periosteum to the orbital rim. The pre-
septal approach is used to prevent herniation of periorbital fat into the operative field. (From Manson PN,
Markowitz BL: Fractures of the orbit and nasoethmoidal bones. In Cohen M (cd): Mastery of Plastic and
Reconstructive Surgery. Boston. Little, Brown, 1994, p 1147, with permission.)

The lateral brow incision provides exposure of the frontozygomatic suture and part of the lat-
eral wall and roof of the orbit.

Medial canthal incisions are usually made in a curvilinear direction. They provide excellent
exposure of the medial canthus, medial wall of the orbit, and nasal bones.

The intraoral approach provides excellent exposure of the inferior orbital rim, maxilla, and
zygoma.

37. Which incision has the greatest propensity for complications such as scleral show or
ectropion?

The subciliary incision. Scleral show and ectropion are frequent sequelae after lower lid surgery
due to lid retraction. Many of these conditions improve with time, but permanent scarring within
the lower eyelid may result in permanent deformity that requires release of scartissue and even
grafting.

38. Is the Caldwell-Luc approach to the orbital floor a wise one?

Absolutely not. Reduction of orbital contents through a Caldwell-Luc transmaxillary approach
is potentially dangerous because it 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 11, IV, and VI, and anesthesia in the distribution of the
first (ophthalmic) division of the trigeminal nerve (CN V). Sensory disturbances of the forehead,
upper eyelid, conjunctiva, cornea, and sclera are seen.

40. What is the orbital apex syndrome?
If blindness 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 wall fractures
usually 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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Bilateral comminuted nasoethmoidal-orbital frac-
tures. Note displacement of the medial orbital
wall fragments containing the attachment of the
medial canthal tendons. (From Manson PN,
Markowitz BL: Fractures of the orbit and na-
soethmoiclal bones. In Cohen M (ed): Mastery of
Plastic and Reconstructive Surgery. Boston, Little,
Brown, 1994, p 1150, with permission.)

42. What classic clinical findings are associated with an NOE fracture?

Telecanthus and a saddle nose deformity. NOE fractures consist of injury to one or both frontal
processes of the maxilla and nose. The frontal process of the maxilla contains the attachment of the
medial canthal ligament. If the medial orbital rim and its canthal attachment are dislocated, the
result is telecanthus, which is an increase in the distance between the medial canthi (intercanthal
distance). In contrast to orbital hypertelorism, the orbit itself 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 clinical sign of an NOE
fracture is movement of the frontal process of the maxilla on direct finger pressure over the medial
canthal ligament.

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 mobilized so that
drill holes may be placed behind the canthal ligament for transnasal wires. Two parallel 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 link the medial orbital rim with the frontal bone, nasal
bones, and inferior orbital rim. The bone fragments attached to the medial canthal ligament are then
reduced and secured to the surrounding bone by interosseous wires. Two 26-gauge wires are then
passed through the canthal ligament 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, subciliary or mid-lid, and maxillary gingivobuccal sulcus—are usu-
ally 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 wall, inferior orbital rim, nasofrontal junction, nasomaxillary buttress,
and nasal bones. Despite interfragmentary wiring, the nasal dorsum almost always requires augmen-
tation with a cantilever bone graft.
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29. FRACTURES OF THE ZYGOMA
Gregory H. Pastrick, M.D., and Jack 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
malar eminence of the cheek, and its posterior concavity helps to form the temporal fossa. The
zygoma forms the superolateral and superoanterior pottions of the maxillary sinus. It articulates with
the frontal. temporal. maxillary, and sphenoid bones. Superolaterally, the frontal process of the
zygoma articulates with the zygomatic process of the frontal bone and forms the lateral orbital wall
along with its intraorbital articulation with the sphenoid bone. The temporal process of the zygoma
posterolaterally articulates with the zygomatic process of the temporal bone to create the zygomatic
arch. The broad articulation inferiorly and medially with the maxilla forms the zygomaticomaxillary
(ZM) buttress, the major buttressing structure between the midface and the cranium. as well as the
infraorbital rim and lateral part of the orbital floor.

The zygoma and its articulating bones. A, The
zygoma articulates with the frontal, sphenoid,
maxillary, and temporal bones. The dots show
the portion of the zygoma and the maxilla oc-
cupied by the maxillary sinus. B, Lateral view
of the zygoma. (From Manson PN: Facial
Injuries. In McCarthy JG (ed): Plastic Sur-
gery. Philadelphia. W.B. Saunders. 1990, 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. Typically. the fracture line 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 maxilla, where it traverses
the orbital floor and infraorbital rim, goes through the infraorbital foramen. and continues inferiorly
through the zygomaticomaxillary buttress. Posterior to the buttress, yet still in continuity. the lateral
wall of the maxillary sinus is fractured. In addition, the zygomatic arch is fractured at its weakest
point, about 1.5 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 density 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 skull showing fracture medial to zygo-
maticomaxillary suture and along zygomaticosphenoid suture within orbit. B, Oblique frontal view of skull
showing fractures through frontozygomatic suture and posterior to zygomaticotemporal suture. C, Temporal
view ol skull showing fractures extending from the inferior orbital tissure both superiorly through the zygomati-
cosphenoid suture and inferiorly through the zygomatic buttress of the maxilla. (From Ellis E 111: Fractures of the
zygomatic complex and arch. In Fonseca RJ. Walker RV (eds): Oral and Maxillofacial Trauma. Philadelphia.
W.B. Saunders, 1991, 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 it relates to ad-
jacent bones. It wrongly implies, however, that three legs, or processes, are involved. In reality the
usual zygomatic complex fracture involves four major processes: the zygomaticofrontal region, in-
fraorbital rim, zygomaticomaxillary buttress, and zygomatic arch.

4. How are zygomatic fi-actures classified?
Many classification systems can be found in the literature. Most are based on the anatomic posi-
tion of the displaced bone as seen radiographically and are designed to guide the surgeon in treat-
ment. The most commonly quoted classification system is that of Knight and North.

Classificarion of Malar Fractures

Undisplaced Group I (7 cases) = 6%
Displaced
Arch Group 11 (12 cases) = 10%
Body
Simple
Depression without rotation Group 111 (39 cases) =33%
Depression with medial rotation Group 1V (24 cases) = 1 1%
Depression with lateral rotation Group V (26 cases) =22%
Complex Group VI (23 cases) = 18%

From Knight JS. North JF: The classitication of malar ractures: An analysis of displacement as a guide to treat-
ment. BrJ Plast Surg 13:325-339. with permission.

5. What are the signs and symptoms of zygomatic fractures?

« Pain

* Diplopia

* Periorbital ecchymosis and edema

« Subconjunctival ecchymosis

« Unilateral epistaxis due to tearing of the ipsilateral maxillary 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 slant of the lateral palpebral fissure due to downward displacement of the
attachment of the lateral palpebral ligament on Whitnall’s tubercle of the zygoma

* Orbital dystopia from downward displacement of Lockwood’s ligament

» 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 list describes the spectrum of symptoms and physical findings due 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 anatomically with the zygoma.
Displaced fractures of the body or arch of the zygoma may impinge on the coronoid process, thereby
interfering with its movement. Trismus, however, also may be secondary to edema or muscle spasm
of the temporalis or masseter muscles.

Fracture of the zygomatic arch with medial
displacement against the coronoid process of
the mandible, limiting mandibular motion.
(From Manson PN: Facial injuries. In Mc-
Carthy JG (ed): Plastic Surgery. Philadelphia,
W.B. Saunders. 1990, with 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 bones, and status of
the soft tissues. Axial views are best to evaluate the lateral orbital wall and zygomatic arch, whereas
coronal views 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 clinical and radiographic findings. Fractures that
display significant displacement and/or instability require operative intervention to correct immedi-
ate problems or to prevent long-term sequelae such as facial dysmorphism, enophthalmos, or orbital
dystopia. The long-term sequelae are much more difficult 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 life-threatening injuries must be ad-
dressed first. Initially sof't tissue edema makes open reduction more difficult and may compromise the
final result, but delay in intervention beyond the time for sof't tissue fibrosis and fracture healing to
occur (3-4 weeks) makes simple repositioning of the bones difticult. 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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10. How does one determine that a displaced, noncomminuted zygomatic complex fracture has
been properly reduced?

Of the fourma jor processes (see question 3), at least three must be aligned under direct vision to
ensure anatomic reduction of the entire complex. Integrity of the orbital floor also must be ascertained.

11. How are unstable zygomatic complex fractures stabilized after reduction?

Currently plate and screw fixation is used most frequently and is applied at the fractures at the
ZF suture, infraorbital rim, and ZM buttress. Similarly, interfragment wiring may be used. Even
stainless steel pins passed percutaneously from the zygoma to the maxilla 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 [ractures are unstable. Some believe that the downward
pull of the masseter muscle on the zygomatic body (its 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 (13-100% in a study of 21 surgical
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 the most popular approach to elevate a medi-
ally displaced zygomatic arch fracture is that described by Gillies (see question 14). Many surgeons be-
lieve that these fractures, once reduced, are stable because of the support of the underlying edematous
temporalis muscle and require no fixation as long as no pressure is exerted to the ipsilateral 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 incision 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-
cision is carried down to the glistening, white temporal fascia, which is then incised. 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.

15. Name four standard approaches to the infraorbital rim and orbital floor.
The subciliary or blepharoplasty incision, the lower eyelid or subtarsal incision, the infraorbital

incision, and the transconjunctival incision.

~ subciliary or blepharoplasty incision
** * lower cyelid incision

Common incisions to approach the zygoma. (From Ellis E lateral brow incision

[11: Fractures of the zygomatic complex and arch. In Fon-
seca RJ, Walker RV (eds): Oral and Maxillofacial Trauma.
Philadelphia, W.B. Saunders, 1991, with permission.)

----- infraorbital incision

16. What are the common approaches to the lateral orbital rim?
The lateral brow incision, lateral extension of the subciliary 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 the 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, blindness 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. Preexisting
blindness in the contralateral, uninvolved eye is a relative contraindication to treatment because sur-
gical reduction complicated by blindness 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
repositioning of the zygoma en bloc, placement of subperiosteal implants may be used to restore
normal malar contour. When more pronounced deformity exists along with functional deficits, zygo-
matic osteotomy to recreate the fracture, followed 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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30. FRACTURES OF THE MAXILLA
Geoffrey C. Fenner, M.D., and S. Anthony Wolfe, M_D.

1. Who was Le Fort? What are Le Fort fractures?

René Le Fort was a French surgeon who at the end of the last century was interested in the pat-
terns of midfacial fracture. He performed a number of experiments on cadaver heads. dropping them
from the top floor of buildings onto a paved courtyard or striking them with a piano leg. He deter-
mined three basic fault lines along which the face fractured. In his initial description, the highest
facial fracture was referred to as no. 1 and the lowest as no. 3.

In current parlance, the Le Fort I fracture refers to the transmaxillary fracture that goes through
the maxilla at about the level of the piriform rim. The Le Fort 11 fracture occurs through the na-
sofrontal junction, and runs through the nasal processes of the maxilla and medial portion of the in-
ferior orbital rim and then across the anterior maxilla, and extends back to and through the pterygoid
plates. The Le Fort I1I fracture is a craniofacial disjunction with a separation at the frontozygomatic
suture, nasofrontal junction, medial orbital wall, orbital floor, and zygomatic arch laterally. The
maxilla below is intact in a pure Le Fort III fracture (see figure at top of next page).
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Le Fort 1. 1l. and 111 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 premaxilla and see if any
movement can be elicited 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 infraorbital rims.

3. What is the difference between a Le Fort fracture and a Le Fort osteotomy?
In a Le Fort fracture. the fracture line usually extends through the pterygoid plates. In an os-
teotomy. one attempts to preserve the pterygoid plates by operative separation through the pterygo-
maxillary 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 maxillary and mandibular dentition. If the
maxilla is immobile at this point, Rowe forceps are inserted through the nose, and an effort is made to
mobilize the maxilla by side-to-side and forward motion. If reduction is still not possible, one should
proceed with a Le Fort I osteotomy using a reciprocating saw as in routine maxillofacial 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. In either event,
the teeth should be placed carefully 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 pulled out of its socket?
The tooth should be placed in either sterile saline or, if that is not available. milk. If replaced
promptly (< 30 min) into the socket. a certain number of teeth will survive but will require subse-
quent root canal therapy because of loss of tooth vitality.

7. What are the buttresses of the maxilla?

The main vertical buttresses of the maxilla, which absorb the majority of forces. are the naso-
maxillary. zygomaticomaxillary, and pterygomaxillary buttresses: another component. the vomer,
connects the maxilla 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 ma jor but-
tresses of the maxilla, excluding the pterygomaxillary 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 maxillary fracture was repaired with rigid internal fixation, resulting in stable oc-
clusion at the end of the operation, the patient should not require prolonged intermaxillary 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 intermaxillary fixation, ranging from
2-6 weeks, may be indicated. If this approach is used, we prefer an interocclusal splint to open up
the bite 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 with suspected jaw
fractures if they are able to undergo the procedure comfortably. This view provides the most infor-
mation about the condition of the teeth and immediately adjacent bone. A CT scan, particularly 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 views are the most useful.

11. 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 fToors or medial or-
bital walls; 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 North America still use various types of foreign substances for
correction of orbital floor defects. Substances currently in use include silicone sheeting, Teflon
sheeting, hydroxyapatite, polyethylene, and metallic 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 subciliary 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 thatis lower on the eyelid, perhaps 5-7 mm below the ciliary margin. just below the tarsal plate
of the lower lid, and located in a natural lower lid crease. Lower lid retraction is rare with this inci-
sion, and in our experience the cosmetic result is just as good, if not better, than with an incision
higher on the eyelid. Alternatively, a transconjunctival approach may be used. This approach gives
limited 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. Iliac bone is also excellent material. We find fewer indications for rib, although
it 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 generally no. If patients are bothered by the presence of the plates 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 craniotacial surgery, and they may have some appli-
cation in facial fractures in the future, although this use hasnot yet been studied carefully.

16. With which bones does the zygoma articulate?
Greater wing of the sphenoid, frontal, temporal, and maxillary 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 antimongoloid
* Enophthalmos slant
* Deepening of the supratarsal fold « Infraorbital paresthesia
* Step deformity or tenderness along * Trismus (secondary to arch impingement on
the infraorbital rim, frontozygomatic the coronoid process)

suture, arch or lateral buttress

18. What is the preferred surgical approach for open reduction of a displaced 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-
maxillary buttress regions, respectively. Comminuted fractures of the zygoma are best approached
through a coronal incision. Various lower eyelid incisions are reviewed in question 13.

19. What is the incidence of permanent diplopia after zygomatic fracture?

Initial transient diplopia 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
oblique or inferior rectus muscle, Lockwood’s ligament, 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 due to inadequate fracture reduction with
persistent 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?

Sight lost at the moment of injury is not likely to return. Conversely, progressive visual loss
stands the best chance of recovery. Treatment includes megadose steroids (3—5 mg/kg/day). If the
patient fails to regain or show improved vision within 12 hours, surgical decompression should be
undertaken. The preferred approach in the United States is transethmoical sphenoidotomy with 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 maxillary sinus remains above the level of the floor of the nose up to the age of
8 years. Eruption of the permanent maxillary dentition determines the inferior growth of the maxil-
lary floor, which, therefore, is not complete until the age of 12-16 years.
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31. FRACTURES OF THE MANDIBLE

John W. Polley, M.D., Jeffery S. Flagg, M.D., D.D.S.,
and Mimis Cohen, M.D., F.A.CS.

1. What is the anatomy of the mandible?

The mandible is the largest and strongest of the facial 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, it 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 temporalis muscle is attached; and the
angle. to which the masseter and medial pterygoid muscles attach. A cartilaginous disk completes
the hinge joint known as the temporomandibular joint (TMJ), to which the transverse head of the lat-
eral pterygoid muscle attaches.

Region of the
coronoid process

Region of the
condylar process

\\
Region of .
the ramus

Region of
the alveolar process

Region of
the symphysis

Regions of the mandible. (From Manson PN: Facial injuries. In McCarthy JG (ed): Plastic Surgery. Philadelphia,
W.B. Saunders, 1990. p 931. 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 with 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 trabeculae.
The trabeculae spring from the inner cortical layers like the flying buttresses of Gothic cathedrals
and span the medullary 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 lines (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 via vari-
ous trajectory lines. 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?

1. Panorex. Panoramic roentgenography produces a survey of the tooth-bearing portions of the
maxilla and mandible. This information can be used to evaluate the fracture site(s), position of the
fragments, and postoperative healing.

2. Plain radiographs. If the Panorex is inconclusive or not available, plain radiographs should
include three views of the mandible (right or left lateral oblique, posteroanterior) and a skull series.

3. Penicillin. 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 0.12% 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 ftactor (jaw). 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 ability to bend of any region of the
mandible. Force applied 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 usually result from direct impact over these regions and are more often unilateral. Angle
fractures are often associated with a parasymphyseal fracture on the contralateral side. The dynamic
factor is characterized by the intensity of the blow, its duration, and its direction. Whereas a light
blow may cause a greenstick fracture, a heavy blow may cause a compound, comminuted fracture.
The direction of the force largely determines the location of the fracture.

5. How does the stationary component influence mandible fractures?

The stationary component is the jaw itself. The patient’s age is important. With equal force a
child may experience a greenstick fracture, whereas an elderly person with heavily calcified bone
may sustain a complicated fracture. Mental and physical relaxation 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. In 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 line of fracture does not allow in-
dependent muscular distractions. An unfavorable fracture occurs when the line of fracture permits
the fragments to separate. The four muscles of mastication are the temporalis, masseter, medial
pterygoid, and lateral pterygoid. After discontinuity of the mandible due to fracture, these muscles
exerttheir actions on the fragments, leading to malocclusion. In the presence of teeth, it is 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 line
of fracture runs from anterior-superior to posterior-inferior. However, if the inferior border fracture
occurs further anteriorly and the line 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-
cally to withstand upward muscular pull. Most angle fractures are horizontally unfavorable fractures.
Medial displacement may be considered in a similar fashion. Oblique fracture lines can form a large
buccal cortical fragment that prevents medial displacement. A bird’s-eye view reveals that a vertically
unfavorable fracture line extends from a posterolateral point to an anteromedial point. No obstruction
counters the action of the lateral 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 [tactures extend downward and posteriorly. B,
Horizontally lavorable fractures extend downward and forward. C, Vertically unfavorable fractures extend lor-
ward and medially. D, Vertically favorable fractures extend from the lateral surface of the mandible posteriorly
and medially. Arrows indicate the direction of muscle pull. With unfavorable fractures. the direction and bevel of
the fracture line do not resist displacement by muscular action. With favorable fractures, the bevel and fracture
line 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. Philadclphia, W.B.
Saunders, 1990, p 940, with 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 1898. recognized that
facial balance was ideal when the midfacial position was in a harmonious relationship to the
mandible. Angle noted that the most pleasing facial profile occurred when the supraorbital ridge,
subnasal area, lower lip, and chin fall on a straight line. The engraving made by Angle illustrated
how the normal occlusal relationships between the maxilla and mandible resulted in this profile.

8. How is malocclusion classified?

Normal occlusion occurs when the mesiobuccal cusp of the upper first molar is received in the
buccal groove of the lower first molar (class I occlusion). An Angle class I1 malocclusion exists
when the lower molars are displaced distally so that the mesiobuccal developmental groove fits
under the distal cusp of the upper first molar or even further back, giving the profile of the classic
retrognathic appearance. The class III occlusion is characterized by mandibular prognathism. The
lower dental arch is carried forward so that the mesiobuccal developmental groove of the lower
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
children, fractures of the mandible are complicated by the presence of mixed dentition with teeth in
various stages of eruption. Thus, the malocclusion cannot be easily evaluated. It should be empha-
sized 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 children than in adults. Greenstick fractures of the
mandible, particularly in the condylar region, are relatively common in children. The increased ossi-
fication capability of the juvenile periosteum allows faster healing and distinguishes it from the adult
mandible. As a result, many mandibular fractures in children can be treated with immobilization for
a short period. Direct osteosynthesis is reserved for displaced fractures. Problems with osteosynthe-
sis in children include the need to avoid damage to developing tooth buds.

11. What is intermaxillary fixation (IMF)?

IMF refers to an era when the mandible was known as the inferior maxilla. Cuirent terminology
includes maxillomandibular fixation (MMF), IMF, and interdental fixation (which is used in the
Current Procedural Terminology coding system). Intermaxillary 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 intermaxillary 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 are 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 fTactures 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 eliminating the period of MMF. This is a significant benefit to patients, avoiding
the potential sequelae of prolonged immobilization, including TMIJ stiffness after removal of IMF,
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 sliding principle.
The practical application of this principle is based on clinical and experimental evidence that bone
fragments immobilized with interfragment pressure greater than the forces tending to displace the
fragments will mend by primary bone healing without callus formation. The compressive force re-
sults in greater stability 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 follows the incline 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 31% Condyle 18%
Molar region 15% Mental region 14%
Symphysis 8% Cuspid 7%
Ramus 6% Coronoid process 1%

15. What complications are associated with the repair of mandibular fractures?

Infection, malocclusion, tooth injury, delayed union, nonunion (pseudoarthrosis), osteomyelitis,
inferior alveolar, and facial nerve injury. Of these, infection is one of the most problematic; it 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 midline. Normal interocclusal distance is about 3.6—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 11% of this group of
patients. It is imperative to rule out cervical neck fractures, especially in patients who are intoxicated
or unconscious. Posteroanterior and lateral films should be reviewed with the radiologist before
treatment is initiated.

18. What risk factors increase the possibility of infection with mandibular fractures?

Infected mandibular fractures are encountered in patients who sustain facial trauma and fail to
seek immediate treatment. Mucosal tears and fractures extending through the periodontal ligament
produce contamination of the fracture by oral flora. Fractures that occur through the tooth-bearing
area, therefore, should be regarded as contaminated. Soft tissue in jury also has been shown to be a key
factor in infection rates. Bony sequestra, devitalized 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 stabilized by this fixation. If no teeth are present
and the mobile fragment is still fixed to and nourished by the periosteum and mucosa, closing the
wound by repair of the torn gingiva will suffice. If a removable prosthetic full 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 lines 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 likely 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.

21. What treatments are ideal for symphyseal and parasymphyseal fractures?

Wire osteosynthesis alone may not provide rotational stability; thus, symphyseal and parasym-
physeal fractures should be treated with compression plates. In addition, the bilateral posterior and
lateral pull exerted by the mylohyoid and digastric muscles contributes to displacement of the frag-
ments. Once MMF 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 tragments and, after release of MMF,
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 stability. Overbowing or overcontouring of
the plate is often helpful in avoiding displacement of the fractured lingual 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 (18%) and are classified by fracture level, anatomic dis-
placement, and position of the condyle. Generally, they are treated by MMF alone. Immobilization
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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 dislocation of the condylar head. Unilateral condylar fractures
are often associated with a fracture in the mandibular body on the contralateral side. Bilateral condy-
lar fractures usually are caused by a blow on the chin. Condylar fractures differ from mandibular
body fractures in that MMF is of shorter duration to prevent pathologic changes in the TMJ. MMF
may not be needed for unilateral condylar fractures in edentulous patients because small 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 inability to obtain adequate dental occlusion by closed
reduction and deviation of mandibuliar movement by a displaced segment. This problem occurs when
the condyle is subluxated almost completely in a medial direction so that it lies at right angles to the
neck or when it is displaced in the opposite direction and projects laterally 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. Splints or fabricated acrylic saddles may ensure reduction and stabilization.
Edentulous mandibular fractures may be good candidates for open procedures. Advantages include
direct visualization, excellent stability of the fixed segments, early return of masticatory function,
and stimulation of osteogenesis by the use of compressive forces. Open procedures also reduce the
incidence of injury to the inferior alveolar 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 instability and produce an unsatisfactory result. Therefore, if possi-
ble, a second plate is advisable. Lag screws also may be used for edentulous fractures. Generally,
they are best suited for fractures of the symphyseal region, where both buccal and lingual cortices
can be engaged.

24. List the clinical signs that may be associated with mandibular fractures.

1. Changes in occlusion 4. Ecchymosis of the floor of 8. Crepitation on manual
2. Changes in mandibular the mouth, mucosa, or skin palpation
excursions: limited 5. Softtissue bleeding 9. Sensory disturbances
opening, deviation 6. Soft tissue swelling 10. Trismus
3. Step in occlusion 7. Palpable fracture line I'l. TMI disorders

25. What percentage of mandibular fractures are multiple?

More than 50% of mandibular fractures are multiple. For this reason, if one fracture is noted
along the jaw, the patient should be examined closely for evidence of additional fractures.
Radiographic films must be scrutinized carefully {or discrete fracture lines.

26. Why does ecchymosis occur in the floor of the mouth in mandible fractures?
Bleeding caused by the fracture is trapped by the fanlike attachment of the mylohyoid muscula-
ture to the mandible. This condition presents clinically as ecchymosis in the floor of the mouth.

27. Before the application of maxillomandibular 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 lining up the coinciding wear facets of the interdigitating maxillary and
mandibular teeth for MMF, the surgeon can estimate the patient’s normal occlusion.

28. What are the indications for removal of teeth involved in fracture lines 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 walls
* 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 lateral pterygoid is the only muscle that inserts directly on the neck of the mandibular
condyle. The forces of this muscle frequently result in anterior and medial displacement of 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 require
» Inability 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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32. HEAD AND NECK EMBRYOLOGY
AND ANATOMY

Charles D. Long, M.D., and Mark S. Granick, M.D.

1. What is a branchial arch?
Branchial arches form in the head and neck region of the developing embryo during the fourth
week of gestation. Derived from migrating neural crest cells, 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-
poralis, masseter, pterygoids). Also included are the mylohyoid, anterior belly of the digastric,
tensor veli palatini, and tensor tympani. All of these muscles are innervated by the trigeminal
nerve (cranial nerve [CN| V).

« The second branchial arch becomes the muscles of facial expression (e.g.. orbicularis oris
and oculi, frontalis, platysma) as well as the posterior belly of the digastric, stapedius, and sty-
lohyoid muscles. All of these muscles are supplied by the facialnerve (CN VII).

* The stylopharyngeus muscle is derived from the third branchial arch, and is innervated by
the glossopharyngeal nerve (CN IX).

« The fourth, fifth, and sixth branchial arches contribute to the formation of pharyngeal. laryn-
geal, and levator veli palatini muscles, all of which are supplied by the vagus nerve (CN X).

3. Where do branchial cysts come from?

Between the branchial arches are branchial clefts or grooves that are lined with surface ecto-
derm. 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 duplication of structures may result
in fistulas, sinus tracts, or cysts, depending on how much remnant remains. Such anomalies can be
found along the anteriorborder 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 glossopharyngeal
nerve and between the external and internal carotid arteries en route to the tonsillar fossa. The fossa
must be excised under general anesthesia with a thorough understanding of the involved anatomy.
Third branchial cleft anomalies, although rare, present in the same region as the second, but they
course beneath the internal carotid. The surgeon must be aware of this possibility to avoid damaging
vital structures. First branchial cleft cysts are less common but must be considered in excising
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” usually disappears. However, duct remnants may be present as
sinuses or cysts anywhere along the migration pathway. Usually identified by the second decade,
thyroglossal cysts are most commonly in the midline at the level of the thyroid membrane.

6. What is the treatment?
Complete excision, including the entire duct remnant, which may pass through the hyoid bone
and requires resection of the bone.

172
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7. Are any preoperative tests important?
Because the mass may represent the patient’s only thyroid tissue, it is necessary to demonstrate
normal functioning 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 it splits into five major branches: Temporal. Zygomatic, Buccal, Mandibular, and
Cervical (Ten Zillion Bucks Means Cash). The temporal branch can be found along Pitanguy’s line,
which runs from 0.5 cm below the tragus to 1.5 cm above the lateral eyebrow. The facial nerve be-
comes more superficial as it heads medially, but is consistently deep to the superficial muscu-
loaponeurotic system (SMAS). The muscles of facial animation are innervated on their deep
surfaces, except the levator anguli oris, mentalis and buccinator muscles, which rundeep to the plane
of the nerve and are innervated on their superticial 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 maxillary second molar. A line drawn from the tragus of the ear to the middle of the upper
lip approximates the path of the duct: a vertical line from the lateral canthus indicates the intraoral
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 it is a superficial struc-
ture, it can be injured during parotid, facelift, carotid, and other neck dissections, leaving a bother-
some numbness to the inferior ear.

11. 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 = Aponeurosis, L = Loose areolar tissue. 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: (1) supraorbital. (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 collected by the upper and lower puncta.
which can be found 5—-7 mm lateral to the canthal angle. They then travel in the cannaliculi 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, maxillary, ante-
rior ethmoid, and middle ethmoid sinuses drain into the middle meatus. The posterior ethmoid cells
drain into 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 V3) is also the motor nerve for the muscles of mastication.
This group of four muscles acts directly on the mandible and traditionally includes the masseter,
temporalis, medial pterygoid, and lateral pterygoid muscles. Accessory muscles, 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, temporalis, 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 in mandible protrusion,
whereas contraction of the suprahyoids and posterior portion of the temporalis also results in
mandible retraction.

16. What are the contents of the carotid sheath?
Within the carotid sheath the vagus nerve (CN X) lies 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 cartilage to give off eight of its own branches. It 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, it 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 superiorthyroid, (2) the as-
cending pharyngeal, (3) the lingual, (4) the facial, (5) the occipital, (6) the posterior auricular, (7) the
superficial temporal, and (8) the maxillary.

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 is 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,) supplies the root helix, crus, tragus, and canal, whereas the auricular branch off the facial
nerve (CN VII) supplies the concha and canal. Thus, in all, four cranial nerves (V, VII, IX, and X)
provide sensory innervation for the ear.

19. What are the foramina of the 12 cranial nerves?

Cranial Nerve Foramen
Olfactory (CN1D) Cribriform
Optic (CN 1) Optic foramen
Oculomotor (CNIID) Superior orbital fissure
Trochlear (CN1V) Superior orbital fissure
Trigeminal (CNV) Superior orbital fissure
Trigeminal (CNV)) Foramen rotundum/inferior orbital fissure
Trigeminal (CN V;) Foramen ovale
Abducens (CN VD) Superior orbital fissure
Facial (CN VI Stylomastoid foramen
Vestibulocochlear  (CN VIII) Internal acoustic meatus
Glossopharyngeal (CNIX) Jugular foramen
Vagus (CNX) Jugular foramen
Spinal accessory (CNXI) Jugular foramen

Hypoglossal (CN XII) 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 | Below a horizontal line | cm above the claviculomanubrial junction or inferior to the

cricoid cartilage

Zonell  Between zone I and the angle of the mandible

Zone III  Between the angle of the mandible and base of the skull

Zones 11 and III are considered the neck proper: zone 1 is the base of the neck or thoracic inlet.
Arteriography is often used to evaluate stable patients with overt signs of arterial injury, especially in
zones | and I11. because of the potential technical problems with exposure and vascular control in
these regions.
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33. HEAD AND NECK CANCER
David L. Callender, M.D., M.B.A., and |effrey N. Myers, M.D., Ph.D.

1. What is the appropriate evaluation of a lateral neck mass present in an adult for at least
3 weeks?

The differential diagnosis of a neck mass in an adult includes neoplastic or inflammatory dis-
ease, congenital anomalies. and other miscellaneous conditions. The likelihood of malignancy is in-
creased in a patient with a history of tobacco or alcohol abuse. age greater than 40 years, chronic
hoarseness, persistent dysphagia or odynophagia, persistent otalgia, or a history of malignancy of
the skin or mucosal surfaces of the head and neck.

Diagnostic evaluation of a neck mass begins with a complete history 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 malignancy. After identification 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 examination, fine-needle aspiration
(FNA) biopsy of the neck mass is indicated. If FNA biopsy demonstrates a benign lesion. treat-
ment is tailored to the type and extent of disease. If malignancy is identified, an imaging study is
performed to evaluate the extent of disease and to search for the occult primary lesion. Exam
under anesthesia and endoscopy are also indicated. Directed biopsies of the nasopharynx. tonsil,
tongue base, and pharyngeal wall may be performed if the primary lesion remains occult. When the
FNA is nondiagnostic or equivocal for malignancy, open biopsy of the mass is usually indicated.
Exams under anesthesia with endoscopy and neck mass biopsy are usually done concurrently.
Incisions for open biopsy should be placed so that subsequent neck dissection can incorporate the
biopsy incision.
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2. Whatarethe differences in radical, modified radical, and selective neck dissections?

Radical neck dissection is the classic procedure described by Crile in 1906 for management of
metastatic cancer in cervical lymph nodes. The procedure consists of cervical dissection with re-
moval of the stermocleidomastoid muscle, omohyoid muscle, internal jugular vein, spinal accessory
nerve, cervical plexus nerves, submandibular salivary 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 indicates the sub-
mandibular and submental nodes: level I1. upper jugular
nodes: level Ill. 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 JE,
Wolf GT, et al: Standardizing neck dissection terminology.
Arch Otolaryngol Head Neck Surg 117:601-605, 1991,
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 nonlymphatic structures removed with the radical neck
dissection. The indications for modified radical neck dissection are similar to those for radical neck
dissection. The extent of metastatic disease usually 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 specitic variation of the modified radi-
cal neck dissection.

Area ol nodes removed with radical and modified radical
neck dissection. (From Robbins KT. Medina JE, Wolf GT,
et al: Standardizing neck dissection terminology. Arch
Otolaryngol IMead Neck Surg 117:601- 605, 1991, with
permission.)
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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 performed on an elec-
tive basis, although some patients with early nodal disease (N1) 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 malignancy. The supraomohyoid neck dissection is an example of a selective
neck dissection.

Area ol nodes removed with supraomohyoid neck dissec-
tion. (From Robbins KT. Medina JE. Woll GT. et al:
Standardizing neck dissection terminology. Arch Otolaryn-
gol Head Neck Surg 117:601-605, 1991, with permission.)

3. What are the principal indications for adjuvant postoperative external beam radiation
therapy for patients with squamous cell carcinoma of the head and neck?

1. Close or positive surgical margins 5. High risk of occult disease in an
2. Extracapsular extension of nodal undissected neck
disease 6. Invasion of soft tissues or skin
3. Perineural 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 IT) lymph nodes are the most common site of cervical metastasis from oral tongue
cancers. Lymph nodes in levels I and 1T are also at high risk for metastasis from early tongue cancer.
Accordingly. surgical management of oral tongue cancers with clinically negative (NO) nodes fre-
quently includes elective dissection of the nodes at highest risk for occult metastasis (levels I, 11, and
[IT). The supraomohyoid neck dissection removes nodes at high risk and provides staging informa-
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 following system for
staging of primary tumors (T):

TX Primary tumor cannot be assessed T3 Tumor >4 cm in greatest dimension

TO No evidence of primary tumor T4 Tumor invades adjacent structures (e.g..
Tis Carcinoma in situ through cortical bone, into deep muscle of
T1 Tumor €2 cmin greatest dimension tongue. maxillary sinus, skin. Superficial
T2 Tumor >2 cm but <4 cm in greatest erosion of bone/tooth socket by gingival

dimension tumor is not sufficient 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

NI 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 multiple ipsilateral lymph nodes, none > 6 cm in greatest dimension; or in bilateral
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 bilateral or contralateral lymph nodes, none > 6 cm in greatest dimension

N3 Metastasis in a lymph node > 6 cm in greatest dimension

5~

Describe the A JCC staging for distant metastasis (M) from oral cavity carcinoma.
MX  Distant metastasis cannot be assessed

MO  No distant metastasis

M1 Distant metastasis

8. Describe the TNM stage grouping for oral cavity carcinoma.

Stage Primary Tumor Node Metastasis Distant Metastasis
0 Tis NO MO
I Tl NO MO
11 T2 NO MO
111 T3 NO MO

Tl NI MO

T2 NI MO

T3 NI MO

IVA T4 NO Mo
T4 N1 Mo

Any T N2 MO

IVB Any T N3 MO
IvVC Any T Any N Ml

9. What is the role of elective neck dissection in the management of patients 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 11
oral tongue cancers. Patients with TINOMO and T2NOMO oral tongue cancers have a substantial risk
(30% and 50%, respectively) of occult metastatic disease in the neck. If 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. If
only one (orno) node from the supraomohyoid dissection contains occult cancer, the patient is at low
risk fortreatment 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 diftficult to structure and perform. Compelling
arguments, however, continue to prompt elective neck dissection for early tongue cancer:

|. The rate of occult metastasis is high in early tongue cancer. Elective dissection identifies pa-
tients with occult disease.

2. Salvage rates for patients with neck recurrence are low. Elective neck dissection should
reduce the chance for recurrence in the neck by removing occult metastatic disease.

3. Survival after elective neck dissection is higher than after therapeutic neck dissection.
Patients who develop neck recurrence have a markedly reduced chance for survival; thus the oppor-
tunity to remove nodal disease while still 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
will not have occult nodal disease. Unfortunately, no other method of evaluation and treatment iden-
tifies 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 modality over
the other. Factors such as treatment choice for the primary lesion, health status of the patient, and pa-
tient preference determine the appropriate choice of treatment for the neck. Regardless of the choice
of treatment, the prevailing opinion favors elective treatment of the NO neck for patients with inva-
sive squamous cell carcinoma of the oral tongue. When surgery is used to treat the primary tongue
cancer, elective neck dissection of the NO neck is indicated.

11. 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 critical in formation of a
treatment plan for the patient with oral cavity cancer. Various imaging studies are available for as-
sessment of mandibular bone invasion, including plain films, 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 line on MRI is believed to be an accurate indicator of an intact cortex, but an irregular corti-
cal line and irregular marrow space are not specific indications of carcinoma because they also may
be seen with infectious and inflammatory conditions of the mandible.

12. 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 via the neck is
often necessary to accomplish segmental resection with appropriate surgical margins. Choice of
mandibular reconstruction procedure is based on the location of the defect. The most debilitating
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 following
segmental mandibulectomy.

Mandibular-sparing techniques involving marginal (or rim) resections are appropriate when
the tumor approaches or minimally erodes cortical bone. Marginal mandibulectomy is intended 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. If 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 wall.

14. What is the role of surgery vs. radiation in treatment of early (T1 and T2) squamous cell
carcinomas of the oropharynx?

Early cancers of the oropharynx are stage I and stage Il 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 [I1.
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Surgery or radiation therapy provides effective control of early oropharyngeal 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-
ity of tissue preservation and diminished morbidity after treatment persuades many patients and
physicians to choose radiation therapy as the initial treatment for early oropharyngeal cancers.

15. How is the oropharynx accessed surgically?

The oropharynx is accessed transorally or through pharyngotomy. T | cancers of the tonsil. soft
palate, and superior pharyngeal wall usually can be managed with transoral excision. Larger tumors
and tumors of the tongue base typically require broader exposure. Mandibulotomy with mandibular
swing offers excellent exposure to the oropharynx and parapharyngeal space. More limited 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 facilitates 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 is composite resection of
the mandible and ad jacent soft tissue containing the tumor. This procedure was formerly 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 draining
to the cervical lymph nodes. This theory has been disproved. Composite resection of the mandible
may still be required whentumor involves the mandible. A significant advantage of composite resec-
tion is the broad exposure offered by the procedure.

A significant drawback of composite resection is the resulting cosmetic and functional 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 lip-splitting inci-
sion or mandibular visor flap is useful to access the mandible for composite resection or mandibulo-
tomy. After mandibulotomy, an intraoral incision is made through the floor of mouth. Lingual,
hypoglossal, and inferior alveolar nerves are preserved when possible. Various internal 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 cancers of the orophar-
ynx and hypopharynx. Radiation of fers treatment of the primary lesion as well as all draining cervi-
cal lymphatics. Bilateral and retropharyngeal lymph nodes are often at risk for occult metastasis
with oropharynx and hypopharynx cancers. Aggressive bilateral neck dissection is necessary to
remove these nodes. Dissection of retropharyngeal nodes is often problematic. Extensive bilateral
nodal dissection is unnecessary with radiation therapy, which satisfuctorily controls occult metasta-
sis. In addition, as previously mentioned, surgical access and surgical resection for oropharynx
cancer often leave the patient with significant 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.

18. What are the major differences in clinical 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 surrounded by ligamentous structures that act as anatomic barriers to ex-
tension of early glottic cancers. The anterior commissure, vocal ligament, thyroglottic ligament, and
conus elasticus are the principal anatomic structures that surround the glottic larynx. The glottis 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 T1 and T2 glot-
tic cancers is less than 10%.

The supraglottic larynx is composed of the epiglottis, preepiglottic space, aryepiglottic folds,
ventricular bands (fulse cords), and arytenoids. The supraglottic larynx is richly supplied with blood
and lymphatic vessels. Like primary glottic cancer, early primary supraglottic cancers tend to stay
confined to the supraglottis. Unlike glottic cancer, early cervical nodal metastasis is much more
likely because of the extensive supraglottic lymphatic network. The overall cervical metastasis rate
for TI squamous cell carcinomas of the supraglottis 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 T1 and T2 supraglottic carcinomas is as high as 50%.

Behavioral patterns of early glottic and supraglottic cancers often allow function-sparing treat-
ment. T1 and T2 glottic cancers are usually 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 T1 and T2 supraglottic cancers also may be treated with
function-sparing surgery or radiation therapy. Because of the high risk for cervical metastasis, con-
sideration should be given to elective treatment of bilateral 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 with radiation therapy in an attempt to increase the effectiveness of laryngeal preservation
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 Study 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 preservation is un-
clear. Chemotherapy may have selected patients who would have responded to radiation therapy
alone. Additional studies are needed to define more clearly which patients with advanced laryngeal
cancer will benefit from laryngeal preservation attempts and to define appropriate combinations of
treatment modalities.

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 life after total
laryngectomy. The three general methods of speech restoration after total laryngectomy 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 usually 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 monotonic. 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 conditions. or preference; they can achieve satisfactory alaryngeal
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 articulation 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 difticulty in learn-
ing to inject and release air properly in the pharyngoesophageal segment. Only 10-25% of patients
who undergo laryngectomy develop successful esophageal speech, despite intensive training efforts.
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TEP speech requires surgical creation of a small fistula between the esophagus and trachea.
The fistula is created with tracheoesophageal puncture (usually abbreviated as 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-
lation forcing air into the pharyngoesophageal segment. As in esophageal speech, vibration of the
pharyngeal and esophageal walls creates sound. Injection of air via TEP is much easier than with the
esophageal speech method. Successtul vocalization occurs in up to 95% of patients who have primary
or secondary TEP. As with 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 rehabilitation.

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 likely primary sites. Unfortunately, studies are often difficult 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-
tially better when the primary tumor remains occult.

The clinical presentation and biopsy method often define the options for treatment of the
metastatic unknown primary carcinoma in the neck. In the patient with an N1 neck and FNA biopsy
diagnosis of malignancy, neck dissection is most appropriate as an initial 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 likely primary sites, and contralateral neck to improve locoregional con-
trol rates.

Some N1 patients may have open excisional biopsy of the metastatic node and no gross residual
disease after biopsy. In 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 resectability of
the neck disease and physician and patient preferences. Regardless of the clinical 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 salivary gland masses in adults are neoplastic. The appropriate treatment
for all salivary neoplasms. benign or malignant, is surgical resection. Most patients with salivary
gland masses do not benefit from FNA biopsy because surgical resection is required and FNA pro-
vides little information that will change the need for surgery.

Interpretation of FNA biopsy of salivary gland masses is difficult. Up to 20% of all salivary
gland FNA attempts yield nondiagnostic material. Up to 20% of salivary gland FNA biopsies are
falsely negative for malignancy. 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. Clinical impressions, regardless
of FNA results, should serve as the principal determinant for choice of treatment.

FNA biopsy is useful for confirming clinical 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 salivary 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 salivary masses and have a history of malignancy at another site also
may have benefit from FNA. Confirmation of metastasis in the salivary gland may dramatically
affect plans for treatment. Likewise, patients with lymphoma who have salivary gland masses can
benefit from FNA. Otherwise. when the clinical impression is salivary gland neoplasm. FNA biopsy
does little 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 all or portions of the facial nerve during parotid gland
surgery for neoplasm are direct nerve invasion and inability 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 facial 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 clinically 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 (10-15%) present with
cervical metastasis. In addition, metastases rarely occur in the neck when the primary cancer is con-
trolled. Furthermore, patients who would otherwise benelit most from elective neck dissection typi-
cally 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 parotid tumor with extension to the para-
pharyngeal space. Neck dissection allows access to the parapharyngeal space from the neck and fa-
cilitates 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 will 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-stimulating hor-
mone (TSH). Clinical suspicion also may prompt evaluation of thyroxine (T4) and triiodothyronine
(T3) levels. If the patient is determined to be hyperthyroid, a radionuclide scan is indicated to distin-
guish a hyperfunctioning nodule from a cold nodule. Identification 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 nondiagnostic
FNA biopsy of thyroid nodules is approximately 15%. This rate may be further substantially reduced
with repeated aspiration. All patients who have identifiable malignancy on FNA should be consid-
ered candidates for surgical resection of thyroid malignancy. Only about 5% of patients. however,
have lesions identified as malignant or suspicious for malignancy. The vast majority (at least 60%)
have benign lesions identified by FNA. Solitary benign thyroid nodules are usually treated initially
with thyroid suppression therapy.

FNA biopsy of the remaining patients identifies follicular epithelium 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
usually may be safely 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. Important prognostic factors are age at diagnosis. tumor size. histologic grade.
extrathyroidal extension, cervical nodal metastasis, and distant metastasis. Different classification
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systems weight each of the factors in a slightly different manner. Thus far, no single 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 cutaneous melanomas
of the head and neck are difficult 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
limited number of clinical 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 normal skin around
the melanoma and into the underlying subcutaneous tissue is adequate. Intermediate thickness
melanomas (1.0-4.0 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 inflicting ma jor cosmetic or functional deformity. The general rule is that the wide
excision is carried to the anatomic margin of the cosmetic or functional unit. Supporting structures
such as nasal cartilage, perichondrium and periosteum can often be preserved. Partial rhinectomy is
rarely necessary lor 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 philosophy, local control of
melanoma in the head and neck can be expected in greater than 90% of cases. Improvement in sur-
vival has not been clearly 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 dissection for all patients with cutaneous melanoma of the head and
neck is still uncertain in terms of promoting improved survival. The recently published 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-
tioned. The most significant benefit of elective dissection currently appears to be identification 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 identif ying patients who will benefit from postoperative adjuvant treat-
ment. The lymph node drainage patterns of the head and neck are generally more complicated than
those of the trunk and extremities. Initial studies seem to indicate the utility 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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34. LOCAL FLAPS OF THE HEAD AND NECK

Gregory R. D. Evans, M D.

GENERAL PRINCIPLES

1. What are the advantages of using local flaps in the head and neck?
I. Similar color and texture of the skin for the site of the defect.
2. Donor sites 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 frequently little or no scar contracture with the use of local fTaps.

2. Full-thickness defects up to what width can be repaired with composite grafts?
1.0-1.5 cm. In practicality, the color and texture mismatch precludes the use of grafts. One
should make every attempt to use local tissue. when available. f or 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 is more difficult
in children because of the lack of skin laxity. Preservation of local landmarks, such as the temporal
hairline and eyebrows, is vital.

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 applied to the skin, causing it to stretch.
With time the load required to maintain the skin in its stretched position 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 lines for local flaps and donor areas fall?
Lines of minimal relaxed tension. The skin tension is at right angles to these lines.

6. In the design of a rotational f1ap, in what shape should the defect be excised?
A triangle with the base as the shortest side.

7. In arotation flap, where is the line of greatest tension?
The line of greatest tension extends from the pivot point of the flap to the edge of the defect
nearest to where the flap previously lay. (See figure at top of next page.)
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Area of greatest risk

Rotation flap. (From Jackson IT: Local Flaps in Head
and Neck Reconstruction. St. Louis. Mosby, 1985, p 10,
with permission.

)

8. In an advancement flap, what is excessive skin at the base called?

Burow’s triangles, which are excised lateral to the flap base.

Burow’s triangle

Burow’s triangles. (From Jackson IT: Local Flaps in Head and Neck Reconstruction. St. Louis, Mosby. 1985, p

13, with permission.)

9. How many potential flaps can be designed from each Rhomboid defect?

Four.

The rhomboid (Limberg) flap. A, Four
potential flaps can be designed from
each rhomboid defect. B, As with the
Z-plasty. flap elevation should extend
slightly beyond the base of the flap. C
and D, The angles of the flap are se-
cured with three-point sutures and the
donor site is closed directly. (From
Jackson IT: Local Flaps in Head and
Neck Reconstruction. St. Louis, Mosby,
1985. p 17, with permission.)
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10. What are the common angles of the rhomboid defect created for flap closure?
60° and 120°.

11. Large circular defects can be converted into a hexagon to facilitate closure. How many
rhomboid flaps are available for closure of this defect?

Six.
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The triple rhomboid. A hexagon can be converted into three rhomboids. Rhomboid [laps can be planned on the
120° angle; thus, six 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, 1985, p 19, 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 150°. This flap adheres to similar principles as the rhomboid flap but is based on 30°
and 150° angles instead of 60° and 120° angles.

14. In the design of a Z-plasty, what angles yield what percentage of gain in length?
*30° > 25%
*45° > 50%
*60° > 75%

15. What is the major indication for a W-plasty?
Scar revision.

16. What are the causes of local flap failures in the head and neck?
1. A small flap designed to fill 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 failing 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 hairline.

19. Which area of the forehead has thinner and more pliable skin?
The glabella region.
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20. What is the motor supply to the forehead musculature?

The trontal branch of the facial nerve (CN VII), which lies on a line between the ear lobule and
a point just lateral to the lateral end of the eyebrow. The frontal branch of the facial nerve lies within
the temporoparietal fuscia superior to the zygomatic arch. The trontal branch of the facial nerve is
located in a deep plane in the facial area and becomes more superficial as it crosses the zygomatic
arch into the temporal region. Operative procedures that involve exposure of the zygomatic arch for
reconstruction or subperiosteal exposure of the facial skeleton should be performed by dissection
deep to the temporoparietal fascia to prevent injury.

21. 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 satisfactory.

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?
. Main forehead 3. Temporal
2. Supra eyebrow 4. Glabella

24. Which technique allows additional length to rotational and other flaps on the forehead?
Galeal scoring with intervals of 0.5-1.0 cm.

25. When scalp mobility and galeal scoring are not sufficient, which technique allows closure
of difficult defects?

Bilateral rotational flaps. The defect is triangulated, and bilateral scalp flaps are elevated. The
forehead is denervated; however, because bilateral flaps are elevated, symmetry is maintained.
Problems may arise if the lateral incisions are carried too posterior to interfere with the blood
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 permitting 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 lips 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 vermilion and function
as a sphincter to approximate the lips to the alveolar arch. The superficial elements receive decussat-
ing fibers from the buccinator and function to purse and protrude the lips. A major muscle of the
cheek is the buccinator, which originates from the alveolar process of the maxilla. 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 lip. On the superficial surface
of the buccinator are the buccopharyngeal fascia and buccal fat pad. In the 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 lip 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 lip retraction are mainly controlled by the platysma,
depressor labii inferiorus, and depressor angulii oris.
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29. What are the reconstructive goals of the lip?
1. Complete skin cover 4. Reestablishment of sensation
2. Reestablishment of a vermilion 5. Competence of the oral sphincter
3. Adequate stomal diameter

30. During surgical resection and reconstruction, at what angle should the vermilion-skin
junction be crossed?

90°. The vermilion—skin junction should be tattooed with methylene blue using a 25-gauge needle
before surgical resection. This approach avoids the loss of the white roll with application of anes-
thetic combined with epinephrine. Discrepancies in alignment as little as | mm may be noticeable.

31. In the staircase or stepladder technique for lip reconstruction, what is the measure of the
horizontal component of the step excisions?

The step technique allows closure of defects up to two-thirds of the lower lip. 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 is 8—10 mm.

32. What are the indications for an Abbé flap?

The Abbé flap is a highly useful flap that can be used tor moderate-sized defects of the upper
and lower lip. Indications for the flap include a moderate-sized defect of the lower lip that is of
center but spares the commissure, a defect of the philtrum of the upper lip, and the need to restore
symmetry to an overly small lower lip as part of a staged reconstruction. The flap should be posi-
tioned so that the width of the vermilion of the donor site matches the lip segment being replaced.
The flap is designed with the width one-half of the defect so that tissue deficiency will be shared
equally between the upper and lower lip. Il a discrete aesthetic unit is replaced, the exact corre-
sponding size of the flap should be outlined. Division of the flap occurs at -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 similar to the Abbé flap, but because it does not have to pre-
serve an intact commissure, it can be performed in one stage. As with the Abbé flap, the Estlander
flap is designed to include approximately one-half of the defect. Secondary revisions of the commis-
sure may be required.

34. Which flap restores lip continuity with preservation of motor and sensory function?

The Karapandzic flap, a modification of the Gilles fun flap, maintains the neurovascular pedicle
in the soft tissue while rotating and restoring sphincter continuity. For this reason it tends to provide
better functional results.

35. The Bernard operation advances full-thickness local flaps with concomitant triangular ex-
cisions to allow proper mobilization. What does the Webster modification of the Bernard-
Burow cheiloplasty include?

1. Excision of skin and subcutaneous tissue 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 tissue.

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 island scalp flap also may be
used for hair restoration.

37. In commissure reconstruction, the restoration of what structure is critical?
The restoration of the orbicularis oris sphincter mechanism is critical for oral competence. This
mechanism can be restored by approximation of the muscle with suture.
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CHEEK

38. What are the aesthetic units of 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 Limberg (rhomboid) local transposition and rotational flaps offer well-
vascularized tissue for wound closure. In addition, the use of these flaps over the malar eminence
may prevent an ectropion d ue to skin graft contracture. The nasolabial flap provides well-padded
vascularized tissue. The bulky nature of the flap and the requirement of further revisions of the dog-
ears may preclude the use of this flap in some cases.

40. Defectsapproaching 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
if 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 allow 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 incision should be
above the clavicle. The donor site frequently may require skin grafting, and the use of this flap with-
out delay should be viewed with caution. More stable forms of coverage may include free tissue
transfer or alternative flaps.

42. What are the advantages of the cervicopectoral flap?

The medially based cervicopectoral flap offers many advantages. First, it is vascularized by an-
terior thoracic perforators oft 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 [ascia.

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 (canine premolar teeth). It lies 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 supplied 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 pertormed 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 lid.

HEAD AND NECK

46. What are the optimal characteristics of a technique for head and neck reconstruction?
Reliability is perhaps the most important factor in any type of oncologic reconstruction.
Patients requiring head and neck reconstruction usually have advanced disease, indicating either
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limited survival or the need for adjuvant therapy. A failed reconstruction that prolongs hospitaliza-
tion time and increases cost does not improve the quality of life. Furthermore, prolonged reconstruc-
tion is time taken away from family 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 multistaged procedures that
take several months to complete, delaying adjuvant therapy and interfering with valuable family time.

In addition to reliability 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 well as the psychologic make-up of the patient deter-
mine the reconstructive method that will 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 identified 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 reliable and expedient method. Flap failures may be life-threatening in such
situations.

Class B: defects yielding significant functional deficits. Class B defects include those involv-
ing the mucosa and soft tissue of the oral cavity, mandible, lips and cheeks, and/or facial nerve.
Reconstruction of these structures is 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 specialized
structures such as the nose, ears, eyes, hair-bearing areas (e.g., mustache, eye brows), and/or external
skin contours (without exposed bone). Although loss of these structures may result in a significant
loss of cosmesis and quality of life, the timing 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. Definitive reconstruction may be postponed until 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 tissue; however, the entire forehead may be included with the dissection.
Significant donor site morbidity and microsurgical reconstruction preclude the use of this flap except
fora 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 fascia flap offers viable and well-vascularized tissue for defects
around the orbit and upper cheek area. Traditionally the flap also was used for intraoral reconstruc-
tion. Significant donor site deformity has encouraged reconstruction by other methods. However,
this flap is still 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 supplied by the first four perforating branches of the internal
mammary artery, primarily the second and third branches. At the upper portion 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 supplied by perforating vessels. The deltoid
portion constitutes a random flap supported on the end of the axially supplied pectoral skin. Delay
is frequently necessary to increase viability before transfer. The use of this local flap is currently
limited.
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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:1.

52. The blood supply of the sternocleidomastoid myocutaneous flap is derived from what
three sources?

1. 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 limitation of this flap is its variable blood supply and limited arc of rotation. It 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 [lap 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 blood supply is from multiple perforating vessels. Although theoretically advanta-
geous as thin pliable tissue, the flap is generally considered unreliable.

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 lateral trapezius
flap provides thin, pliable skin over the proximal deltoid area. The origin of the superticial branch of
the artery and venous drainage hamper the elevation of this {lap. 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 limited by its arc of rotation, 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 pectoralis myocutaneous flap is based on the thoracoacromial artery (pectoral branch),
which exits the subclavian artery at the midportion of the clavicle and courses medial tothe insertion
of the pectoralis 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 it is difficult to secure the closure without sig-
nificant downward pull on the muscle. The flap can be modified with an extended random skin
component or with two separate skin paddles that can be divided. A rib may be harvested with the
flap for bony reconstruction. Higher elevation of the flap can be performed with division 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 el-
evated and skeletonized on its vascular pedicle. The muscle is detached from its insertion on the
humerus and transferred by tunneling or curving it around to the head and neck defect. The main at-
tributes of the latissimus dorsi are its large size, wide excursion, and little donor site morbidity. The
arc of rotation for head and neck defects is difficult and frequently precludes the use of this {lap.
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35. NASAL RECONSTRUCTION
Roy Hong, M.D., and Frederick ). Menick, M.D.

1. What are the nasal subunits? Are they important in reconstruction?

The nose may be divided into nine topographic subunits comprised of the dorsum, tip, col-
umella, and paired sidewalls, alae, and soft triangles. Each subunit has a characteristic skin quality.
unit outline, and three-dimensional contour. The normal nose is reestablished only if each of these
characteristics is restored. More than obtaining a healed wound, the subunits that describe the nose
visually must be restored.

Nasal subunits. (From Burget GC,
Menick FJ: Aesthetic Reconstruction
of the Nose. St. Louis. Mosby, 1994,
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 fill the defect. I a defect encompasses
more than 50% of a subunit, it is 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-like 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 small flap is placed within a defect that includes only part of a unit. Missing tis-
sues also must be replaced exactly, bringing neither too much nortoo little to the wound. If exces-
sive or too little tissue is placed within a defect, the adjacent landmarks and outline will be distorted
outward or inward. Similarly, 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
is 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 pliable. The skin of the tip and alar sub-
units is thick, stift, and pitted with sebaceous glands. These regional differences in skin quality 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 revascularization, always
appear thin and shiny after transfer. They frequently become hypopigmented or hyperpigmented.
Thus, a full-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 will appear as a patch if placed within the normally thick.
pitted skin of the tip or ala. A local or regional flap that will maintain its skin quality is a better
choice for tip or alar resurfacing.

Zoneof ______
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Zones of nasal skin quality. (From Burget GC, Menick FJ: Aesthetic Reconstruction of the Nose. St. Louis,
Mosby, 1994, with 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
cartilage framework and lined by thin vascular stratified epithelium and mucosa. The tissue 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, pliable enough to conform to the desired frame-
work contour, and vascular enough to nourish overlying cartilage 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 collapse and late contracture
due to scarring associated with wound healing. Finally, 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 reestablished. Each visual subunit must be analyzed and its
character restored by using appropriate tissues and lining 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 superficial defects with a vascularized bed, full-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 skin 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 is also of value
but may appear red postoperatively. Supraclavicular skin is available to resurface the entire nose if
necessary, although the color match is less satisfactory. Supraclavicular skin usually has a brownish
hue once it has healed in place. Split-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 gralt is the root of the auricular helix. A skin sand-
wich containing thin ear cartilage positioned between two layers of skin is available. Ad jacent pre-
auricular skin also may be harvested in continuity with the root of the helix and the donor site closed
primarily. Composite grafts must be placed on a well-vascularized bed. The size of the graft should
be limited to 1.5 cm or less to enhance survival. Postoperative cooling with cold saline compresses
may be helpful. Composite grafts are used for full-thickness defects of the alar rim and may provide
a relatively simple one-stage reconstruction. In the long term, they usually appear thin and shiny and
do not blend perfectly. Nevertheless, composite grafts are a useful option, especially for defects of
the alar margin.

7. How arelocal flaps used in nasal reconstruction?

For small nasal defects, local flaps are an excellent option. Various flaps can be used for defects
in the thin, mobile skin of the upper nose. All of them redistribute the relative excess of lax skin
within the sidewall and dorsum to cover the defect while allowing primary closure of the donor site.
Fortunately, most incisions on the nose heal with good scars. A local flap may be used if the defect is
less than 1.5 cm in diameter and if cartilage grafts are not needed. There is not enough excessive
nasal skin to redistribute over the nose to cover larger defects, and the tension created by wound
closure will collapse a delicate cartilage framework. A forehead or nasolabial flap is required for de-
fects greater than 1.5 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 notlend itself to the use of a local
flap as easily as the upper nasal two-thirds. The bilobed {lap (as modified by Zitelli) is an excellent
option for nasal tip and alar defects, however. It redistributes excessive tissue from the upper nose to
the tip and alae by transferring skin as a bilobed 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 plane
just above the perichondrium and periosteum aid in its success. It is difficult to resurface the tip and
alae with a classic single-lobed flap. The pedicle blood supply to a single-lobed flap is in jeopardy at
the time of dog-ear excision, and the rotation of this stiff tissue through 90° of rotation is difficult.
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Geometric bilobed flap. (From Burget First lobe ¥
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9. How is the nasolabial flap used in nasal reconstruction? What is its blood supply?

The use of cheek tissue was popularized by French and German surgeons in the 1800s. The
blood supply of a modem 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 closure, the scar lies exactly within the nasolabial crease.
Its proximal base is positioned over the rich subcutaneous blood supply that enters from its deep
aspect. The distal tip of the flap, situated at or just distal to the oral commissure. can be elevated with
just a few millimeters of subcutaneous tissue and then rotated on its 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 limited, and attempts at extending the pedicle to reach the tip or dorsum are risky because of
an unreliable blood supply.

A nasolabial flap also may be folded on itself to provide both cover and lining for a full-thick-
ness defect. However, the blood supply is put at risk by folding, primary cartilage grafts are difficult
to position, and the result usually 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-
vision is usually required to recreate the normal alar crease, and it is almost impossible to create a
truly aesthetic alar base inset when such a nasolabial flap design is used to rebuild a defect that in-
cludes the nasal sill and alar base.
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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
the Hindu Book of Revelation. In the late 16th century, Tagliacozzi, an Italian, published a treatise on
the use of the pedicle arm flap. The forehead flap was first used in the Western world by Joseph
Carpue in England, who had read accounts of the Indian forehead flap in a 1795 issue of Gentleman’s
Magazine. He published two case reports in 1816. In this century, Gillies, Converse, and Millard
have pioneered developments.
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11. How can forehead tissue be transferred?

Lateral forehead skin can be transferred on the unilateral superficial 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 traditional
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, midline forehead tissue may
be transferred as a paramedian flap based on a unilateral supratrochlear 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 arising from the supraorbital,
supratrochlear, infratrochlear, and dorsal and angular branches of the facial artery pass superiorly
from deep to supertficial. Above the mid forehead and toward the hairline. the axial vessels lie in the
subcutaneous tissue just deep to the dermis. It is safe to elevate the distal -2 cm of a paramedian
forehead flap with skin and a thin layer of subcutaneous tissue. More inferiorly, the flap should be
elevated deep to the frontalis muscle, just above the periosteum. to protect the blood supply. The
forehead flap itself should be designed vertically to include the vertical axial 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 midline defects, but the reach of the flap is easier when it is based on the same side as a lateral
defect. A template of the required missing forehead skin should be placed at the hairline and de-
signed with a 1.5-cm pedicle above the supratrochlear vessels. The narrow pedicle allows easy rota-
tion without undue tension. If the arc of rotation is short, an additional 1.5 cm can be added by
extending the flap tip into hair-bearing scalp. If the patient is a healthy nonsmoker, the distal flap can
be thinned to the subcutaneous tissue layer and hair follicles destroyed by excision and light coagu-
lation. An additional 1.5 cm can be obtained by extending the flap pedicle base below the supr