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U LNAR WRIST PAI N  

15.  How do you examine a patient with ulnar wrist pain? 
Ulnar wrist pain is a complex problem requiring a keen understanding of both intraarticular and 

extraarticular anatomy of the region. Distinguishing between abnormalities involving the distal ra­

dioulnar joint (DRUJ),  triangular fibrocart ilage complex (TFCC), and ulnar carpus necessitates dis­
cerning soft tissue problems from bony ones. Each region of the ulnar wrist must be systematically 
addressed during a thorough physical examination. 

16. How can you rule out pathology involving the DRUJ? 
An abnomiality of the DRUJ, such a degenerative disease or subluxation, should be immediately 

suspected on the basis of decreased or painful pronosupination. With the patient's hand in full ulnar de­
viation, significant pain el icited by pressing on the ulnar head by the examiner's thumb is suggestive of 
DRUJ pathology. Pain produced during pronosupination while the ulnar head is pressed volarward 
and the pisiform pressed dorsally is often indicative of an ulmu· impingement or impaction syndrome. 

1 7. How can you diagnose a TFCC injury or tear on physical exam? 
The diagnosis of a TFCC tear or injury is by exclusion. It is  difficult, if not impossible, to con­

firm the diagnosis on the basis of physical examination alone. Other more common causes of ulnar 
wrist pain, such as DJD and carpal instabil ity, must first be excluded. Examination may demonstrate 
loss of forearm pronosupination and wrist motion, tenderness over the TFCC dorsally, and a palpa­
ble and/or audible c l ick with forearm rotation or rad ioulnar dev iation of the wrist .  Suspic ion of 
TFCC pathology requires evaluation by three-compartment wrist arthrography. The presence of a ra­
diocarpal-DRUJ arthrographic communication is pathognomonic of a TFCC perforation. However, 
perforations are common and do not necessarily indicate pathology. 

18. What is the ulnar snuffbox? 
The ulnar snuffbox is the depression palpated immediately beyond the ulnar styloid. This space 

is c ircumscribed by the ECU and FCU tendons, which run posteriorly and anteriorly, respectively, 
over the ulna at the wrist. In radial deviation, the noor of the depression is  formed by the triquetrum; 
in ulnar deviation, the noor is  formed by the joint between the triquetrum and hamate. 

1 9. What is the lunotriquetral (LT) compression test'? 
The LT compression test directs load across the LT joint along an u lnoradial axis by palpating 

within the u lnar snuffbox. Direct pressure in this area el icits pain from a patient with LT joint insta­
bil ity, synovitis, degenerative disease, or partial synchondrosis. 

20. What are ballottement tests? How can they assess LT instability? 
Bal lottement tests, or shear tests, demonstrate joint instabi l i ty by exerting pressure in opposite 

d irections on adjacent carpal bones. I nstabi l ity of the LT joint can be demonstrated by Reagan's 
test. The examiner's thumb is used to apply pressure on the patient's lunate dorsally whi le the exam­
iner's index finger applies pressure on the triquetrum volarly. Masquelet 's test is  another ballotte­
ment test of  the LT joint  in which the examiner uses both hands to apply shear force across the 
art iculation. The examiner's thumbs are used to apply dorsal pressure to the l unate and triquebw11 
while counterpressure is applied to these bones volarly by the examiner's index fingers. 

Masquelet's test of  l unotriquetral (LT) instabi l i ty. The 
examiner uses both hands to apply shear force across 
the LT joint. The exam iner's thumbs are used to apply 
dorsal pressure to the lunate and triquetrum while coun­
terpressure is applied to these bones volarly by the ex­
aminer's index fingers. (From Watson HK, Weinzweig J: 
Physical examination of the wrist .  Hand Cl in  1 3 :25, 
1 997, with permission.) 
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2 1 .  What is TILT? How can it  be diagnosed? 
A new etiology for u lnar wrist pain that specifically involves the triquetrum has recently been 

described. The triad of local ized triquetral pain along the proximal ulnar slope of the bone, a h istory 
of a hyperflexion i njury, and normal radiographs is diagnostic of TILT-triquetral impingement lig­
ament tear. The mechanism of TILT involves a cuff of fibrous tissue that has become detached from 
the ulnar sl ing mechanism and chronically impinges on the triquetrum, resulting in synovit is ,  bony 
eburnation, and pain. Point tenderness can be appreciated by palpating the u lnar aspect of  the tri­
quetrnm just distal to the u lnar styloid. 

RADIOCARPAL A N D  M I DCARPA L  J O I NTS 

22. How can instability of the radiocarpal or midcarpal joint be evaluated? 
The anteroposterior drawer test can be used to evaluate instabi l i ty of e ither the radiocarpal or 

midcarpal joints. One of the examiner's hands holds the patient's hand by the metacarpals to apply axial 
traction while the other hand stabilizes the patient's foreann. While traction is maintained, anteroposte­
rior force is applied and a drawer is el icited first at the radiocarpal and then at the midcarpal joint. 

23. What is the pivot shift test? 

The anteroposterior drawer test of radiocarpal or mid­
carpal instabi l ity. One of the exa111iner's hands holds the 
patient's hand by the metacarpals to apply axial traction 
whi le the other hand stabil izes the patient's forearm. 
While 111aintaining traction, anteroposterior force is  ap­
plied and a drawer is el icited at the racliocarpal and then 
the midcarpal joint. (From Watson HK, Weinzweig J :  
Physical exa111ination o f  the wrist. Hand Clin 1 3:27. 1 997, 
with pennission.) 

The pivot shift test of the midcarpal joint consists of supinating and volar subluxing the distal 
row of the carpus. With the patient's elbow at 90°, the hand is placed in a ful ly supinated position 
while the distal forearm is held firmly. The wrist is maintained in a neutral position while the hand is  
moved into full radial deviation. The ulnar side of the carpus is forced into further upination and a 
volar subluxed posit ion. At this point, the hand is moved from radial  to ful l  ulnar dev iat ion.  
M i dcarpal instab i l ity secondary to excessive l igamentous laxity or rupture al lows the capitate to 
sublux volarly from the lunocapitate fossa during this maneuver. 

The pivot shift test of m idcarpal instab i l i ty. This ma­
neuver consists of supinating and subluxing volarly the 
distal row of the carpus. With the patient's elbow at 90°, 
the hand is  p laced in a fu l ly  supinated posit ion whi le  
the d istal forearm is  held firmly. The wris t  i s  main­
tained in a neutral pos i t ion whi le  the hand is  111oved 
into full radial deviation. The ulnar side of rhe carpus is 
forced into further supination and a volarly subl uxed 
position. (Fro111 Watson HK, Weinzweig J :  Physical ex­
aminarion of the wrist. Hand Cl i n  1 3 :27 ,  1 997. with 
permission.) 

CARPOM ETACARPA L  J O I N T  

24. Do a l l  five carpometacarpal (CMC) joints demonstrate equal motion? 
Absolutely not. The CMC joints l ink the digital rays with the carpus. The normal hand has no 

cl in ically detectable mobi l ity at the second and d1ird CMC joints and only several degrees of motion 
at the fourth CMC joint, which are functionally negligible. The fifth CMC joint has approximately 
20° of motion, which permit functional adaptation to the transverse arch of the palm. 



Physical Exa m i nat ion of the Wrist 59 1 

25. Which is the most important of the CMC joints? 
The first CMC (trapeziometacarpal)  joint is functionally the most important joint of the thumb ray 

because it allows movement of the entire column of· the thumb. Movements of this joint are quite com­
plex, involving multiplanar motion that includes anteposition, retroposition, adduction, and abduction. 

26. Degenerative joint disease most commonly involves which CMC joint? 
Although degenerative disease may involve any of the five CMC joints secondary to arthritis or 

trauma, the first CMC joint of the thumb is most commonly involved. 

27. What three tests are used to examine the first CMC joint? 
I .  Grind test. The examiner places the thumb and index finger of one hand on either side of the 

patient's CMC joint. While the metacarpal is  held with the examiner's other hand, the CMC joint is 
axially loaded. The examiner's first hand then moves the metacarpal base laterally in several direc­
tions. Symptoms are exacerbated, grat ing and chondromalacia are palpated, and the qual ity of carti­
lage is  determined. 

2 .  Adduction test. The examiner's thumb is placed on the midportion of the patient's first 
metacarpal whi le the fingers are placed along the length of the fifth metacarpal .  The first and fifth 
metacarpals are then passively adducted toward each other with gentle pressure. 

3 .  Abduction test. The patient's hand is positioned flat with the palm facing upward. The exam­
iner's index and middle fingers are placed on the volar aspect of the phalanges or metacarpal of the 
patient's thumb as the thumb metacarpal is passively abducted irno the plane of the finger metacarpals. 

28. What is the carpal boss? 
The carpal boss represents a partial or complete coalit ion or synchondrosis of the second and 

third CMC joints. This anomaly is usually asymptomatic but may result in pain secondary to local­
ized degenerative arthritis. 

29. How can you diagnose a carpal boss on examination'? 
Examination involves malal ignment of the second and third metacarpals .  The examiner grasps 

the heads of these bones with the thumb and index fingers of each hand and s imultaneously shifts 
one metacarpal head volarly and the other dorsally. Pain with this maneuver is  h ighly suggestive of a 
carp a I boss. 

EXT RAARTICU LAR CAUSES OF WRIST PA I N  

30. What i s  Finkelstein's test? 
Stenosing tenosynovit is of the first dorsal compartment, also known as de Quervain 's disease, is 

a common cause of wrist and hand pain, involving the abductor poll icis longus (APL) and extensor 
pol l ic is  brevis (EPB) sheaths at the radial styloid process. The findings of local tenderness and mod­
erate swel l ing of the extensor retinaculum of the wrist over the first dorsal compartment and a posi­
tive Finkelstein's test confirm the diagnosis. This test is performed by having the patient grasp his or 
her own thumb w ithin the ipsi lateral palm. Moderate-to-severe pain is e l icited as the patient's wrist 
is brought from radial deviation into extreme ulnar deviation. 

31. What is a " wet leather" sign? 
Crepitu s with tendon movement, suggestive of an i n flammation- induced change in the syn­

ovium or synovit is ,  is  known as a wet leather sign. 

32. How can you evaluate a problem involving the sheath of the ECU? 
The ECU sheath extends from the ECU groove on the ulnar head to the dorsal base of the fifth 

metacarpal. Condit ions such as ECU synov it is  or tendini t is ,  subluxation, stenosis,  and partial rup­
ture resul t  in pain on d irect palpation of the tendon at the leve l of, or just d i stal to, the ulnar head 
with the wrist in ulnar deviation. 

33. How can you diagnose a fracture or degenerative disease of the pisiform? 
Pis iform fractures are uncommon, representing approximately I %  of all carpal bone fractures. 

D iagnosis is often overlooked because roughly 50% of all p is i form fractures are associated with 
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more severe upper extremity injuries. In addition, pisiform fractures are missed because they are dif­
ficult to see on routine radiographs of the wrist. Subpisiform degenerat ive joint disease, usually sec­
ondary to delayed diagnosis of pisiform fractures or untreated injuries, is another infrequent etiology 
of ulnar wrist pain. Examination of the pis ifonn is performed quite easily by loading the subpisiform 
joint laterally as with the thumb CMC joint. 

34. How can you diagnose an injury or fracture of the hook of the hamate? 
Pain secondary to an acute fracture or nonunion of the hook of the hamate may be an e lusive 

cause of wrist pain. Examination of the hook of the hamate is performed by deep palpation over 
the tip of the hamular process in the palm by the examiner's thumb and by pressure on the dorsal 
u lnar aspect of the same bone with the examiner's index and middle fingers. The hook is eas i ly  
located by first placing one's thumb on the volar pisiform. Movement approximately 2 cm along 
a l ine connecting the pisiform to the head of the second metacarpal (45° angle) locates the hamular 
process. 

35. How can you diagnose flexor carpi radialis (FCR) tendinitis? 
FCR tendini t is ,  often seen in laborers who perform repetit ive wrist motions. may cause pain 

over the flexor aspect of the wrist. On examination, pain i s  e l ici ted by palpating over the osteofi­
brous FCR tunnel, which begins approximately 3 cm proximal to the wrist and extends to the main 
insertion of the FCR on the base of the second metacarpal .  In our experience, the region of greatest 
acute tenderness is  an area less than I cm in diameter centered where the FCR tendon enters the 
trapezium tunnel at the level of the wrist crease. Pain usual ly  increases with resi ted wrist flexion 
and resisted radial deviation of the wrist. 

36. What is intersection syndrome? How can it be diagnosed on examination? 
Pain and swel l ing of the muscle bel l ies of the APL and EPB in the area where they cross the 

common radial wrist extensors are characteristic of intersection syndrome. This area i s  approxi­
mately 4 cm prox imal to the radiocarpal joint. With severe cases, swell i ng, redne s ,  and crepitus 
may be found. Examination of the region with gentle palpation e l ic i ts  marked tenderness. 
Tenosynovitis of the second dorsal compartment is the cause of this disorder, which occurs less com­
monly than de Quervain's disease and must be differentiated from it .  

37. What are substitution maneuvers? 
Fictit ious complaints presented for secondary gain can be difficult to dist inguish from actual 

symptoms. To do so, i t  is  necessary to incorporate within the physical examination a number of sub­
stitution or distraction maneuvers. These maneuvers take advantage of the cl inician's knowledge of 
wrist anatomy and biomechanics as wel l  as the patient's ignorance. Two of our own ubstitution ma­
neuvers are presented below. However, even more important than any of these maneuvers i under­
standing why they are so usefu l .  With that understanding, a myriad of addi tional subst i tu t ion 
maneuvers can be devised. 

l .  ANA substitution maneuver. With the wrist in radial dev iation, the ANA junction i s  ob­
scured by the radial styloid, and no amount of thumb pressure in this region results in pain. With the 
patient distracted, the wrist is gradually brought into ulnar dev iation while the pres ure is constantly 
applied. Only in ulnar deviation, with the ANA junction exposed to thumb pressure, should pain be 
el icited. Pain described while the wrist is in rad ial deviation should be noted as a positive substitu­
tion maneuver. 

2. Flexor pollicis longus (FPL) substitution maneuver. A patient attempting to feign hand or 
wrist weakness wi l l  do so without knowledge of muscular innervation patterns. This becomes ex­
tremely important during examination for carpal wnnel syndrome, in which the application of a sub­
stitution maneuver can be used to assess weakness of the thenar muscles. Such thenar weakness is 
secondary to compression of the motor branch of the median nerve. The FPL. which is inner ated by 
the anterior interosseous branch of the median nerve, is completely unaffected in the worst case of 
carpal tunnel syndrome or v i rtually any wrist disorder. In the cooperative patient i t  i all but impossi­
ble to overcome a ful ly flexed FPL. Thus, FPL weakness in any patient, other than one with anterior 
interosseous syndrome, should alert the examiner. 
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1 1 5 .  RADIOLOGIC EXAMINATION O F  TH E WRIST 

Viktor M .  Metz, M D , a nd Lou is A. Gil u la ,  M D .  

1 .  How should t h e  standard posteroanterior 
(PA) radiogram for examination of the wrist be 
obtained? 

The standard PA v iew should be obtained with 
the elbow flexed 90° and the shou lder abducted 
90°. The hand (not the wrist) is placed palm flat on 
the cassette (w i th no flex ion, extension, or dev ia­
tion). The central beam is perpendicular to the cas­
sette and is centered over the capitate head. 

Standard neutral PA view of the wrist showing col l inear 
al ignment of the axis of the th i rd metacarpal shaft with 
the m id  ax i s  o f  the rad i us .  The u lnar styloid process 
(curved whire arrow) i s  projected most ulnar. The exten­
sor carpi u lnaris ( ECU)  groove (arrowhead) i s  radial to 
the base of the u lnar styloid. There is  para l le l ism of the 
art i cu lar su rfaces of the second through the fifth car­
pometacarpal joints (black rhick arrows), indicating that 
the pa lm is flat on the x-ray cassene. The scaphoid fat 
pad (open arrows) is evident on this PA view. 

2. What criteria identify an adequate PA view? 
I .  The third metacarpal shaft has col l inear al ignment with the mid axis of the radius ( indicating 

the absence of radial or ulnar dev iation). 
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2 .  The extensor carpi ulnaris groove projects radial to the midpoint of the ulnar styloid ( indicat­
ing that the elbow is at shoulder height) .  

3 .  The second through fi fth carpometacarpal joints should be evident by rec gnizing parallel 
articular cortices at these joints. Lack of profile of these joints is caused by extensi n of the wrist or 
nexion at the MP joints. 

3. Why is it important to obtain adequate PA views of the wrist? 
Ulnar variance measurements should not be made on a PA v iew of the wrist that does not meet 

the above criteria because adducting the elbow toward the patient's side usually makes the ulna more 
positive ( longer in length than the adjacent radius). 

4. How should the standard lateral view of the wrist be obtained? 
The standard lateral v iew should be obtained with the 

e lbow flexed 90° and adducted against the trunk. The central 
beam is perpend icular to the cassette and is centered over the 
head of the capitate. I f  the lateral v iew is performed correctly, 
the palmar surface of the pis iform bone is located between the 
ventral cortex of the head of the capitate and the ventral cortex 
of the distal pole of the scaphoid. Th is is termed the scaphopiso­
capitate (SPC) relationship. 

Standard lateral radiograph of the wrist. The pal mar surface of the pisi­
form bone (s1raig/11 black arrow) is projected 2 mm dorsal to the d istal 
ventral pole of the scaphoid (curved black arrow). The pronator quadra­
tus fat pad (long while arrows) is seen on the lateral view and is  straight. 

5. What does the scaphoid bone do on a PA view obtained in ulnar deviation? 
The scaphoid elongates because it t i lts dorsal ly. In this view the long axis of the scaphoid is seen 

much better than in the neutral PA view. This view is particularly helpful for detection of scaphoid 
fractures because the scaphoid waist is more in profile. 

6. What are the pronator quadratus and the scaphoid fat pads? What is their importance? 
The pronator quadratus fat pad, seen on the lateral radiograph in question 4. l ies between the 

pronator quadratus muscle and the volar flexor tendon sheaths. The scaphoid fat pad (see figure in 
question 1) l ies between the radial collateral l igament and the abductor pol l ic is longus tendon. These 
fat pats are disturbed in trauma and may suggest occult fractures. The fat pads are abnormal when 
they are bowed (convex) away from the adjacent bones. 

7. What is a Colles' fracture? 
A Colles' fracture is a fracture of the distal radial epiphyseal or met.aphyseal area with the distal 

fracture fragment displaced or angu lated in the dorsal direction. The fracture 1 ay occur with or 
wi thout intraarticular involvement. It is the most common fracture ol the dis tal  radius and occurs 
most often in older patients. The mechanism of injury is a fal l  on the dorsiflexed hand. 
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Typical Colles' fraclure of 1he dis1al rad ius wi1h Lhe dis1al fracture 
fragmenl angulaled in lhe dorsal d i reciion (arrow). 

8. How are Colles' fractures classified'? 
There are several different classi fication schemes for distal radius fractures. The classification of 

Coll es' fractures by Fry km an has gained wide acceptance in some areas of the world. Frykman divides 
the fractures into eight types based on the presence of intraart icular involvement of either the radiocarpal 
or the distal radioulnar joint and the presence or absence of an associated fracture of the ulnar styloid. 

9. What is a Smith 's fracture? 
A Smith 's fracture i s  a fracture of the distal rad ial epiphyseal or metaphyseal area with the d istal 

fracture fragment displaced or angulated in the volar d i rection. L ike a Coll es' fracture, a Smi th 's 
fracture may occur with or wi thout intraart icular involvement and with or w i thout an associated 
fracture of the ulnar styloid. The common mechanism of injury is a fall on the volar nexed wrist. 

10. What is the definition of a Barton's fracture'? 
A Barton's fracture is defined as an intraart icular fracture of the posterior or anterior (reverse 

Barton's fracture) rim of the distal radius with (in contrast to Smith's and Colles' fractures) accom­
panying palmar or dorsal displacement of the carpus with the radius fragment, respectively. 

1 1 .  What is a fracture of the radial styloid process called? 
A fracture of the radial styloid process is cal led a chauffeur's fracture (eponym: Hutchinson's 

fracture). I t  i s  an intraarticular fracture in which the fracture l ine usually runs through the junction of 
the scaphoid and lunate fossae of the radius and courses radially in an oblique direction. The mecha­
nism of injury is axial compression of the scaphoid bone against the radial styloid. 

12. What is the most frequently fractured carpal bone? 
The most frequently fractured carpal bone is the scaphoid. Scaphoid fractures account for 60-

70% of all carpal injuries; 70% are located in the waist of the scaphoid, 20% are located in the prox­
imal pole, and I 0% involve the distal pole. 

13. What are the complications of scaphoid fractures? 
Compl ications of scaphoid fractures include delayed union, nonunion, malunion, and avascular 

( i schemic) necrosis .  The tendency for these complications depends on the fracture site. In general, 
the prognosis  is best in cases of fractures of the distal third and worst in fractures of the proximal 
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third because proximal fractures invariably compromise the blood supply of the proximal fracture frag­
ment. Increased density of the fracture fragment is commonly seen in the healing scaphoid fracture, es­
pecially when examined with computed tomography (CT). This finding is due to decreased vascularity 
of the proximal pole; as a result, the proximal pole does not demineralize as much as the distal pole. 
Usually with healing, revascularization of the proximal pole occurs and density differences disappear. 
Less commonly, true necrosis, identified by fragmentation or bone volume loss, may occur. 

PA radiograph of a patient who suffered a caphoid fracture, 
treated with a plaster cast. Clear evidence of increased density 
of the proximal fracture fragment (arrow) indicates decreased 
vascularity of this proximal pole. I ncreased density is not syn­
onymous with avascular necrosis. Avascular ( ischemic) necro­
sis with fragmentation and col lapse may or may not develop. 

1 4. What is the difference between static and dynamic instabilities of the wrist? 
In general, the term carpal instability describes abnonnalit ies in the al ignment of carpal bones. 

Static instabil i ties are constantly present and can be diagnosed on a routine (static) radiographic ex­
amination ( PA and l ateral v iews). Dynamic instabi l it ies, however, are not always seen on routine 
static radiographs. Dynamic instabi l i ties need stress or motion to produce the instabi l ity and there­
fore may be diagnosed by obtaining instabi l i ty series or stress maneuvers recorded with v ideotape, 
fluoroscopic spots, or overhead views with applied stress. 

15. What is rotary subluxation of the scaphoid (RSS)? 
RSS (or scapholunate dissociation) is  the most frequent type of wrist instabil ity. The scapholu­

nate joint space is of abnormal width because of rupture of the scapholunate and adjacent l igaments 
and capsule. In patients with an associated rupture of the volar radiocarpal l igaments, the scaphoid 
bone t i l ts volarly. This condition is  called RSS. Because of the volar t i lt ing the scaphoid foreshortens 
and displays a signet-ring shape on the PA neutral v iew. The signet ring is  so cal led because of the 
appearance of a stone in the middle of a ring. The shape results from the distal half of the scaphoid 
overlapping the proximal part of the scaphoid at its waist. 

A view of the wrist of a patient with rotary subluxation of 
the scaphoid. The scapholunate joint space (arrow) i s  ab­
normally wide because of rupture of the scapholunate l ig­
ament. A signet-ring shape of the scaphoid (curved arrow) 
is evident because of its volar t i l l ing due to rupture of ad­
jacent extrinsic I igaments. 
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1 6. What are the two major types of carpal dislocations? 
Carpal dis locations are divided into two major types: lunate 

and perilunate dislocations. Under normal conditions on the lat­
eral radiograph, the lunate is centered over the radius fossa, and 
the capitate is centered over the lunate Fossa. In general, 
whichever bone is centered over the radius ( lunate or capitate) is 
the bone that is considered to be in normal anatomic alignment. 
In lunate dislocation the lunate is displaced ventrally or dorsally 
and the head of the capitate is centered over the radius. In perilu­
nate instabi l ity the lunate remains in anatomic position, and the 
capitate is displaced with respect to the radius. If neither the 
lunate nor the capitate is centered over the radius, the condition is 
called a midcarpal dislocation because both the lunate and capi­
tate are separated from each other. 

Righi, Midcarpal d islocation. The l unate ( L) is displaced ventrally, 
whereas the capitate head (C) is centered over the dorsal portion of the 
radius. This condition is  between a perilunate and a lunate dislocation. 
Often a perilunate d islocation precedes or is the first stage of a lunate 
dislocation. 

1 7. What is the role of CT in carpal trauma? 

In selected cases, if  routine 
radiograms are inconcl usive,  
CT has become increasingly 
popular for diagnosing trau­
matic wrist disorders. CT is 
useful to evaluate complex car­
pal trauma, to detect loose in­
tra.art icular bodies, to visual ize 
bone graft material, and to de­
termine the degree of fracture 
healing. 
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Above, Axia l  CT of the distal radius and u lna. With CT, 
intraarlicu lar involvement of a fracture and the degree of 
fracture fragment d isplacement are belier demonstrated 
than with convent ional radiographs. This example shows 
an extensively comminuted fracture of the distal radius 
with involvement of and d isplacement at the d istal ra­
dioulnar joint. The top of the image is  volar with respect 
to the bot1om. 

Leji, Coronal CT scan of the wrist demonstrates a 
scaphoid waist fracture. Sclerotic margins of the fracture 
fragments and no evidence of bony bridging of the frag­
ments indicate nonunion of the fracture (arrow). 
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18. What are the advantages of MRI for diagnosis of wrist disorders·? 
MRI  is the only imaging technique that al lows simultaneous and direct visua l ization of bony, 

cartilaginous, and l igamentous structures of the wrist. Because of improvement in examination tech­
niques and development of special wrist surface coils, MRI has become an important imaging tech­
nique.  It is  useful for d irect v isual ization of the intrinsic and extrinsic wrist l igaments and their 
disorders and extremely sensitive and specific for detection of early stages of avascular necrosis of 
carpal bones. I n  addition, MRI has become an important imaging technique for detection of occult  
wrist  fractures. 

Leji, Coronal MRI  of the wrist al lows precise and direct visualization of the intrinsic interosseous scapholunate 
and lunotriquetral l igaments (arrows) as triangular structures of low signal intensity. Righr, 0 the coronal MRI 
of the wrist in  a patient with a c l inically suspected scaphoid fracture, a fracture through the proximal third of the 
scaphoid is evident (arrows). The fracture was not seen on radiographs. 
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1 1 6 .  FRACTURES O F  TH E CARPAL BON ES 

J ames Lilley, M D ,  Mark Ha likis , M D ,  and J ulio Taleisn ik ,  M . D  

What is the relative incidence of carpal fractures? 
Scaphoid 79% Lunate 1 %  
Triquetrum 1 4% Pisiform 1 %  
Trapezium 2.3 % Capitate 1 %  
Hamate 1 .5% Trapezoid 0.2% 
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2. What is the blood supply to the scaphoid? Why is it important ? 
The superfic ia l  pal mar branch and the dorsal carpal branch of the rad ial artery feed the d istal 

pole of the scaphoid. I ntraosseous vessels flow retrograde to supply the proximal pole. Fractures 
through the scaphoid's waist can sever the blood supply to the proximal pole, leading to avascular 
necrosis (AYN) of the proximal fragment in as many as one-third of cases. An even higher incidence 
of AYN is found in more proximal fractures. AYN is associated with nonunion and persistent symp­
toms of pain or instabi l i ty of the wrist. 

SUPERFICIAL 
PALMAR BRANCH 
RADIAL ARTERY 

VOLAR DORSAL 

DORSAL 
CARPAL BRANCH 
RADIAL ARTERY 

The dorsal blood supply to the scaphoid via the dorsal carpal branch of the radial artery and the volar blood supply 
via the superficial pal mar branch of the radial artery enter the distal pole of the scaphoid. Blood supply to the prox­
imal pole is intraosseous and retrograde. Fractures to the waist of the scaphoid disrupt this intraosseous supply and 
may lead to avascular necrosis of the proximal pole. (From Amadio PC, Taleisnik J:  Fractures of the carpal bones. In  
Green DP (eel): Operative Hand Surgery, 3rd ed. New York, Church i l l  Livingstone, 1 993, p 80 I ,  with permission.)  

3. What is the typical presentation of a scaphoid fracture? 
The typical patient is a young man who has fallen on an outstretched palm and extended wrist . 

He presents with pain and swell ing of the radial wrist. The presence of tenderness in the anatomic 
snuffbox should lead to a presumptive diagnosis of fracture until radiographic examination proves 
conclusively negat ive. 

4. What is the anatomic snuffbox? 
It is a small triangular depression just distal and dorsal to the radial styloid. The extensor polli­

cis brevis (EPB) and abductor pol l icis longus (APL) form its volar border as they run together in the 
first dorsal compartment of the wrist. The extensor pol l ic is longus ( EPL) forms the dorsal border. 
Extension of the thumb demonstrates the borders best. With ulnar deviation the scaphoicl is uncov­
ered by the radial styloicl and is palpable at the floor of the snuffbox. 

5. What radiographic views should be included in the initial work-up of a scaphoid fracture? 
Four v iews have been found to ident ify 97% of scaphoid fractures: one posteroanterior (PA) ,  

one lateral, and two obl ique projections, the supinatecl and pronatecl obliques. The clenched fist posi­
tion or active ulnar dev iation in the PA view places the scaphoid more para l le l  to the film and im­
proves visual ization of the fracture .  Several authors favor the ulnar deviation PA v iew in l ieu of the 
supinatecl obl ique. The lateral v iew helps to v isual ize fractures in the coronal plane and to assess the 
degree of scaphoid fracture angulation. 

6. What is an occult scaphoid fracture? 
A completely nonclisplacecl fracture or occult fracture may not appear on plain fi lms initial ly. A 

period of I 0- 1 4  clays may be required for resorption to occur at the fracture site before it is v isible 
radiographical ly. Alternatively, a bone scan may provide this information sooner. A negative scan 
excludes a fracture; a posit ive scan may warrant trispiral or computed tomography (CT) studies to 
confirm the presence of fracture and define its anatomy. 
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7. What is the navicular fat stripe sign? 
I t  is  a small radiolucent l ine in the soft tissues radial to the carpus as seen on the P v iew. A pre­

served fat stripe or fat pad is evidence that the scaphoid is  intact. Fracture leads to radial displace­
ment or (usually) obliteration of the fat stripe. 

8. What are the important classification systems of scaphoid fractures? 
The middle third or waist of the scaphoid is the most common location of injury. ost treatment 

recommendations are directed to waist fractures, which Russe subclassifies by the anatomy of the 
fracture. The plane of the fracture is  defined in relation to the long axis of the scaphoid. Horizontal 
oblique fractures, the most frequent of the wrist fractures, are perpendicular to the long axis of the 
l imb but obl ique in relation to the longitudinal axis of the scaphoid. These are stable and should heal 
with 6-8 weeks of immobi l i zation. Transverse fractures are less common and less stable, for al­
though perpendicular to the long axis of the scaphoid, they are oblique in relation to the long axis of 
the l imb. Healing occurs i n  6-- 1 2  weeks. The rare vertical oblique pattern is less stable and requires 
even longer immobil ization, because i t  is  more subject to shear forces along the long axis of the l imb. 

Cooney and others have recognized the importance of fracture displacement and angulation in 
predicting stabil i ty. Nonunion rates climb 10- to 20-fold when displacement of greater than l mm is 
found on any radiograph ic  v iew. Angulation, which is  suggestive of carpal instabi l i ty, also con­
tributes to nonunion. Examples include scapholunate angles greater than 60° or a radiolunate angle 
greater than 1 5°. Herbert published an alphanumeric classification scheme that incorporates fracture 
anatomy, chronicity, and stabil ity factors. Unstable or type B fractures include distal oblique, com­
plete waist, proximal pole, and transscaphoid perilunate fracture dislocations. Prognostic informa­
tion is developing from this system as i t  is adopted by other authors. 

TYPE A: 
STABLE ACUTE FRACTURES 

TYPE B: 
UNSTABLE ACUTE FRACTURES 

� � � � 
DISTAL OBLIQUE COMPLETE FRACTURE PROXIMAL POLE 

FRACTURE OF WAIST FRACTURE 

TYPE C: 
DELAYED UNION �c u DELAYED UNION 

TYPE D: 
ESTABLISHED NONUNION 

TRAN�SCAPHOIO­

PERILUNATE 

FRACTURE DISLOCATION 

OF CARPUS 

FIBROUS UNION PSEUOARTHROSIS 

Herbert's alphanumeric classification systems 
of scaphoid fractures. (From Amadio PC, 
Taleisnik J: Fractures of the carpal bones. In 
Green DP (ed): Operative Hand Surgery, 3rd ed. 

ew York, Churchi l l  Livingstone. 1 993, p 805, 
with permission.) 

9. How does a scaphoid fracture contribute to wrist instability? 
The wrist can be understood as a three-bar l inkage with the distal carpal row, the proximal row, 

and the radius forming l inks in a chain. Like a chain, this construct is stable in tension but unstable 
in compression. It requires a stabi l izing bar to support compression. The scaphoid provides this sta­
b i l i ty by its connect ion d istal ly to the capitate and proximally to the lunate. D isruption of the 
scaphoid renders the carpus unstable and subject to col lapse. The radius ,  lunate, and capitate ai·e 
then no longer col inear. Most frequently, the lunate ti lts dorsally with the attached proximal pole of 
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the scaphoid. Loading of the distal fragment by the trapezium and trapezoid favors axial compres­
sion, causing the distal fragment to flex while the proximal fragment extends and thus creating a 
volar flexed "humpback" position of the scaphoid. This deformity contributes to delayed heal ing of 
the fracture, because it maintains malal ignment across the scaphoid waist . 

The three-bar l inkage 111odel of  the wrist predicts stability 
in  tension (panel A)  and col lapse in co111pression (panel B) 
unless an addit ional stab i l iz ing link is added to the con­
struct (panel C). S = scaphoid, the stabilizing l ink; L = the 
lunate; C = capitate; and R = radius. ( Fro111 A111adio PC, 
Taleisnik J: Fractures of the carpal bones. In Green DP (eel): 
Operative Hanel Surgery, 3rd eel. New York, Churchi l l  
Livingstone, 1 993, p 863, wi th  permission.) 

A 

B 

• 

c 

� 
�· 

1 0. What are the essentials of closed treatment of scaphoid fractures? 
Unstable scaphoid fractures are treated with open reduction and internal fixation (ORlF) in most 

cases. Stable or nondisplaced fractures may be treated by closed methods. The use of short- or long­
arm casting is  controversial .  Although reports show a statistical ly significant decrement in heal ing 
time with inclusion of the elbow, short-arm casting of stable scaphoid fractures yields a 95% union 
rate in an average of I I weeks. Therefore, stable fractures may be treated in a short-arm thumb spica 
cast. However, inclusion of the elbow is recommended by several authors for initial immobil ization 
fol lowed by short-arm casting until radiographic union. Electrical stimulators have been used to pro­
mote healing of the scaphoid, but prospective double-bl ind studies that demonstrate efficacy are 
lacking. This type of therapy is much more costly than casting alone. 

1 1 . What are the indications to operate on a fracture of the scaphoid? 
Displacement greater than 1 mm or angulation demonstrated by a scapholunate angle greater 

than 60° or a radiolunate angle greater than 1 5° are considered significant. Displaced or angulated 
fractures, fractures that demonstrate no healing at 6- 1 2  weeks, and nonunions that have fai led closed 
treatment after 6 months are best treated surgically. Very proximal fractures, which are at higher risk 
for nonunion and avascular necrosis, are also good candidates for surgical treatment. I ndeed, routine 
internal fixation is  recommended for these proximal fractures. 

1 2. What surgical options are available? 
f nternal fixation with K-wires is indicated for fracture associated with dis location or l igamen­

tous instabil ity. Smooth wires are also useful to fix an avascular fragment; a minimum of three wires 
is  needed. The Herbert screw is a proven method for osteosynthesis of the scaphoid. The larger pitch 
of the leading threads compared with the trailing threads is designed to provide compression across 
the fracture. The screw is counter-sunk below the articular surface and is general ly not removed. The 
internal fixation provided by the screw allows more rapid mobi l ization of the wrist. Russe described 
using i l iac crest strips alone for fixation to improve healing potential .  Heal ing rates are comparable 
to those of the Herbert screw plus bone graft. Recognizing the problems associated with the flex ion 
or "humpback" deformity, Fisk and Fernandez described the use of a volar-placed wedge of bone to 
reduce the deformity. This corticocancellous graft can be fixed with wires or a screw at the nonunion 
s i te .  The use of a vascularized bone graft swung on a pedicle has been described for fai led grafts. 
Several techniques are described, including osteotomy of a portion of the pronator quadratus inser­
tion, which is rotated distally with a strip of muscle attached. 
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13. What differences are seen in pediatric scaphoid fractures? 
Most commonly they are in  the d istal third (59%) and tubercle (33%) .  Very few are displaced. 

They can and should be treated by closed technique until skeletal maturity unless gr ssly displaced. 

14. Describe the surgical approaches to the scaphoid. 
The key landmarks of the volar or Russe approach are the tuberosity of the scaphoid and the tendon 

of the flexor carpi radial is (FCR). A curvi l inear skin incision that crosses the wrist crease obliquely 
should allow access to both l andmarks. Longin1dinal division of the deep fascia radial to the FCR allows 
radial retract ion of the radial artery and ulnar retraction of the FCR and palmar cutaneous branch of 
the median nerve. The volar radiocarpal joint capsule can be incised to expose the scaphoid. The ex­
posure i s  extended by division of the thenar origin distally and the pronator quadratu proximally. 

The dorsolateral approach to the scaphoid has the disadvantage of crossing the branches of the su­
perficial radial nerve as well as endangering the blood supply to the scaphoid; however, i t  provides better 
access to the proximal pole. The nerve is retracted in a dorsal or volar direction as needed. The extensor 
fascia is divided longitudinally, and the artery is exposed and retracted volarly with care to preserve the 
dorsal carpal branch. The proximal pole is then well demonstrated by ulnar deviation of the wrist. 

15. Can the scaphoid be fixed arthroscopically? 
Patients with nondisplaced scaphoid fractures who cannot commit to 8- 1 2  weeks of immobi­

l ization are candidates for arthroscopically ass isted fixation using the Herbert-Whipple screw, a can­
nulated modification of the Herbert screw. A guidewire is placed under arthroscopic guidance across 
the fracture,  and a second, paral le l  wire is used for derotation. The screw is introduced volarly 
through a small incision and passed over the guidewire. 

16. What is Kienbiick's disease? How is it related to fractures of the lunate? 
Fractures of the lunate a.re rare when distinguished from K ienbock's disease or AVN of the lunate. 

The etiology of K ienbock's disease is uncertain. I t  is possible that in some cases a fracture predisposes 
the bone to AYN, which leads to later collapse. Alternatively, other factor may impair blood flow to 
the bone, causing the necrosis, which, in turn, leads to collapse and fracture. (See chapter 1 1 7. )  

17. What i s  the typical presentation and work-up of a triquetral fracture? 
Isol ated triquetral fractures are common ly avulsion or shear fractures from a hyperextension 

injury with ulnar wrist pain, swel l ing, and tenderness. Wrist hyperextension may cause the hamate 
or ulnar styloid to impinge on the triquetrum,  causing a dorsal shear fracture. Acute wrist pal mar 
flexion may lead to an avulsion fracture by the dorsal radiotriquetral l igament. Obl ique radiographs 
are the most helpful .  Treatment in a splint is adequate. Triquetral fractures are also a sociated with 
perilunate fracture dislocation. S imple fractures are treated with splint immobi l izati n . 

18. How are pisiform fractures best diagnosed and treated? 
Typically resu l t ing from a direct blow, pis iform fractures present wi th ulnar and volar wrist pain 

and unmistakable tenderness. Supinated oblique and carpal tunnel radiographic views are most help­
ful. Cast treatment has not proved to alter the natural h istory of the injury, but i t  i s  recommended by 
several authors over spli nting. Symptomatic nonunions do well with exc ision of the pis i form. 

19. What rare carpal fracture is associated with cyclists? 
Trapezia! fractures, which are seen best with a Sett's oblique view of the trapezium and may be 

treated by closed technique in a short-arm thumb spica cast if nondisplaced. Displacement is often 
intraarticular and requires ORIF. Nonunion is treated with partial or total excision, fusion, or inter­
posi tion arthroplasty. 

20. Which carpal fracture is associated with golf and racquet sports? 
Fractures of the hook of the hamate. A dull ache in the ulnar wrist (even dorsally) or hypothenar 

eminence may be associated with chronic and acute trauma to the area, especially in  golf, basebal l ,  or 
racquet sports. The symptoms are aggravated by lateral movement or flex ion of the l i t t le finger. 
D iagnosis requires radiographic evaluation that includes oblique and carpal runnel views. Standard 
or computed tomography of the wrist may be needed to clarify the plain fi lm images. Immobi l ization 
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reduces the risk of nonunion. Excis ion provides rel i able rel ief for patients who fail conservative 
therapy for symptomatic nonunion. 

21 .  What is scaphocapitate syndrome? 
The scaphocapitate syndrome i s  caused by fractures through the waist of the capitate and 

scaphoid waist with rotation of the proximal capitate fragment 90- 1 80°. I f  recognized early ( 3-4 
weeks) ,  both fractures may be treated with ORIF. I njuries recognized late may be treated expec­
tantly, with arthrodesis reserved for persistent symptoms. Moreover, AYN is a sequel to chronic or 
acute injury of the capitate because the blood supply to the proximal pole is tenuous. 

22. How do scaphoid fractures contribute to wrist arthritis? 
Pat ients with a symptomatic nonunion of the scaphoid have been shown to undergo a pre­

dictable pattern of wrist arthrit is .  Because the distal fragment is unrestrained after fracture, it tends 
to rotate. This rotation makes the distal articulations incongruous and promotes degenerative change. 
The proximal articulations are spared because they are spherical and because the proximal fragment 
remains stabil ized by the radioscaphoid and scapholunate l igaments. The pattern of degeneration is 
simi lar to that seen in cases of rotatory subluxation of the scaphoid, also known as scapholunate ad­
vanced collapse (SLAC) wrist. It refers to a pattern of progressive joint space and cart i lage loss that 
begins at the radial styloid and then progresses down the radioscaphoid articulat ion. The capitolu­
nate and scaphocapitate articulations are later involved. S t i l l  further progression leads to hamatolu­
nate degeneration and scapholunate dissociation as the capitate migrates prox imal ly. The radiolunate 
articulation is  always spared. (See chapter 1 20 . )  
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1 1 7 . KI E N BOC K ' S  D I S EAS E 

David C Kirn , M D , a nd David M .  Lich tman ,  M . D . 

1. What is Kienbiick's disease? 
Avascular necrosis (AYN) of the lunate. To varying degrees, collapse of the lunate is associated 

with avascular changes. This pathologic process may progress to carpal col l apse and u l t imately 
result in pancarpal arthritis. 

2. What age group and sex are most commonly affected? 
The male-to-female ratio is 2: I .  The most common age group affected is 20-40 year olds. 

3. What is the cause? 
The theories about the cause of Kienbock's disease are numerous and varied. In 1 843, before the 

advent of radiographs, Peste described lunate col lapse in anatom ic spec imens. He attributed this 
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finding to an acute, traumatic event. In 1 9  l 0, Robert Kienbi:ick noted col lapse and clerosis of the 
lunate on radiographs and attributed them to progressive vascular compromise resulting from repeti­
tive wrist sprains and contusions. Based on the radiographic association of identifiable fracture l ines 
and lunate collapse, some authors believe that the characteristic lesions result from fai lure of lunate 
fractures to unite. Intrinsic factors such as ulnar variance, lunate vascularity, and intraosseous pres­
sure gradients also have been impl icated as etiologic agents of K ienbi:ick's disease. 

4. What is ulnar variance? 
Ulnar variance is the relationship between the distal art icular surfaces of the radius and u lna. 

Zero variance refers to level art icular surfaces. Ulnar-minus variance is a relati  ely short ulna 
with respect to the radius or an ulna with a more proximal articular surface. Ulnar-plus variance 
refers to a long ulna relative to the distal radiu . 

5. What is the significance of ulnar variance to Kienbi:ick's disease? 
Data indicate a h igher incidence of ulnar-minus variance in patients with K ienbi:ick's d isease 

compared with the general population. Laboratory studies confirm that shortening the ulna results in 
increased shear stress across the lunate. These forces are translated across the lunate particularly i n  
dors iflexion and u lnar deviat ion. However, not a l l  authors agree that ulnar variance i s  a c l in ica l  
factor. In certa in Asian populations, for example, there is less  corre lation between variance and 
Kienbi:ick's disease. 

6. Does lunate vascular anatomy influence A VN? 
The extraosseous blood supply to the majority of l unates consists of contributions from the 

radial, ulnar, anterior intraosseous, and deep palmar arch arteries. These arteries coalesce to form a 
rich vascular plexus on the dorsal and palmar lunate surfaces. Furthermore, most l unates have a 
complex intraosseous network of anastomoses between the dorsal and pal mar ves e ls .  However, 
some lunates have only a single palmar vessel with minimal internal branching--e pecial ly to the 
proximal surface. These are the lunates that may develop AYN after traumatic arterial disruption.  
Recent data demonstrate that in K ienbi:ick's disease, intraosseous pressure in the lunate is h igher 
than measurements obtained from the radial styloid, capitate, <rnd normal lunates. This finding may 
imply that venous congestion rather than primary arterial insufficiency is the precipitating event. 

7. What are the symptoms of Kienbi:ick's disease? 
The sine qua non of Kienbi:ick's disease is wrist pain. Although the patient may relate a precipitat­

ing n·aumatic event, the symptoms are usually insidious in onset. In the early stages, pain is localized 
to the area of the lunate and associated with symptoms of inflammation such as swelling and pain with 
motion. As the disease progresses, patients report stiffness, cl icking or grinding, and a concomitant 
crescendo in pain. Late-stage symptoms are consistent cl inically with carpal degenerative arth1it is .  

8. What are the physical findings? 
Varying degrees of swel l ing may be found along the dorsum of the wrist, part icularly in com­

parison with the contralateral side. Palpation demonstrates tenderness dorsal ly  about the l unate. 
Depending on the severity of the disease, grip strength may be decreased and range of motion may 
be painfu l .  Later in the disease the range of motion decreases, and there may be grinding and crepi­
tus with motion. 

9. What are the radiographic findings? 
Although ini t ia l ly the radiographs may be normal, later they typical ly demonstrate increased 

density of the lunate accompanied by fracture l ines, fragmentation, and progres ive col l apse. 
Advanced col lapse i s  associated with proximal migration of the capitate, increased in terca..rpal 
widening of the proximal row, and pennanent flex ion of the scaphoid. The latter exhibits the charac­
teristic ring sign on an anteroposterior view. 

10. What features are found on magnetic resonance imaging (MRI)? 
AYN typically involves the lunate in a di ffuse pattern. The hallmark finding of AYN is a uni­

formly decreased signal intensity on both T l - and T2-weighted images. 
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1 1. What role does MRI serve in managing Kienbock's disease? 
The sensit iv ity and spec ific i ty of MRI  for carpal AYN are well  su i ted for the d iagnosis of 

Kienbock's disease. MRI  is  particularly useful in early stages when cl in ical findings are suggestive 
but radiographs are negative. Diagnosis in the early stage provides the basis for instituting the appro­
priate treatment. Early increased signals on T2 images imply revascularization and a good prognosis. 

12. What is the differential diagnosis'! 
The differential diagnosis most typically includes rheumatoid arthritis, posttraumatic arthritis, 

synovial-based inflammatory diseases, fractures, carpal instabil ity, and u lnar abutment syndromes. 

13. List and describe the stages of Kienbock's disease. 
The Lichtman classification is  used to evaluate Kienbock's disease and to decide the most ap­

propriate treatment: 
Stage I.  Radiographs are normal. Technetium bone scans are characteristically "hot," and MRI 

demonstrates diffuse decreased signals on T l - and T2-weighted images. Physical findings are indis­
t inguishable from a wrist sprain. 

Stage II.  Density changes isolated to the lunate as indicated by sclerosis .  The lunate also may 
demonstrate fracture l ines or minimal collapse on its radial border. However, its overall size, shape, 
and relat ionship to the carpal bones are not significantly altered. Cl inical ly stage II is  represented by 
recurrent pain, swell ing, and wrist tenderness. 

Stage III.  Collapse of the lunate. Anteroposterior views exhibit a shortened lunate and elonga­
tion in the sagittal plane, accompanied by proximal migration of the capitate. Stage IIIA is charac­
terized by no fixed carpal derangements or instabil ity, whereas stage IIIB involves fixed rotation of 
the scaphoid, decreased carpal height, and ulnar migration of the triquetrum. Clin ically stage I l l  is 
characterized by progressive weakness, stiffness, and pain. Cl icking and clunking are also noted. 

Stage IV. In addition to the radiographic findings of stage I L LB ,  stage IV is associated with gener­
alized degenerative changes in the carpus. Clinically this stage is indistingui shable from degenerative 
arthritis of the wrist. 

A/Jove leji . Stage I. T l -weighted MRI  shows 
marked signal reduction in the lunate, compatible 
with loss of blood supply. 
Top right, Stage I I .  Density changes in the lunate 
as indicated by sclerosis. Note the u lnar-minus 
variance. 
Bottom right, Stage I I IA .  Collapse of the lunate. 
There are no fixed carpal derangements. 
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Le/i, Stage 1 1 1 8 .  Decreased carpal height and proximal migration of the capitate. Note the scaphoid cortical ring 
sign (arrow). Right. Stage IV. Generalized degenerat ive changes in the carpus. 

14. How are the various stages of Kienbock's disease treated? 
See algorithm on facing page. 

15. Does immobilization have a role in the treatment of Kienbock's disease? 
In stage I, immobi l ization in a wel l-fitted short cast for up to 3 months is recommended. 

Although immobil ization may not el iminate all axial loads encountered during routine act ivities of 
dai ly l iv ing, it may prov ide an opportunity for the lunate to heal ( revascularize). 

16. How about simply excising the lunate? 
Excising the lunate alone does not prevent proximal migration of the capitate and carpal insta­

bil ity secondary to disruption of perilunate l igaments. 

1 7. What about lunate excision arthroplasty? 
Historically both autogenous and synthetic "spacers" have been used for lunate excision anhro­

plasty. Spacers are rarely used today because placement of an anchovy tendon graft, such as a coiled 
palmaris longus tendon, precludes direct or indirect lunate revascu larization procedures used for 
early stages of Kienbi:ick's disease. Furthermore, in advanced stages, spacers alone may not provide 
enough support to inhibit carpal col lapse. Artificial spacers such as s i l icone implants are no longer 
recommended because of the incidence of complications such as particulate synovitis and cyst for­
mation in adjacent bones. 

18. Does altering ulnar variance affect revascularization? 
Both cl inical and biomechanical studies support the benefit of joint-leveling procedures-either 

radial shortening or ulnar lengthening. Such operations significantly decompress the lunate by redis­
tributing the axial load from the lunate to the radioscaphoid and ulnocarpal joints. The lunate then 
presumably wi l l  revascularize spontaneously ( indirect revascularizat ion) .  We rec mmend rad ial 
shortening for stage II  or IHA disease before significant lunate collapse occurs. This procedure is  in­
dicated only for the typical u lnar-m inus case. 

19. Can a lunate be revascularized by direct vessel reimplantation'? 
In the early stages of Kienbi:ick's disease, various direct revascularization techniques have been 

successful in reversing the progress of lunate collapse. Operations such as vascular bundle transfer 
of the second dorsal intermetacarpal artery and vein, pronator quaclratus peclicled bone grafts, and 
pedunculated p i s i form transfers have demonstrated restoration of lunate v iabi l i ty. The success of  
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Treatment Algorithm for Kienbock's Disease 

Stage I 

I 
Immobilization 3 months 

I 
No improvement 

~ 7-mmm Ulm-pl""� 
Radial shortening Revascularization 

Radial shortening 

Stage II/IHA � 
Ulnar-minus Ulnar-plus/neutral 

Stage IIIB 

I 
l ntercarpal fusion (STT or SC) 

Stage IV 

� 

� 
Revascularization 

or 

Capitate shortening 

or 

Radial wedge osteotomy 

Proximal row carpectomy or Total wrist fusion 
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direct revascularization, however, is predicated on performing the procedures before s ignificant 
collapse occurs. We use them in stage Il-l l IA for ulnar-plus cases ( in  which additional radius short­
ening is contraindicated). 

20. When should intercarpal arthrodesis be considered? 
I ntercarpal arthrodesis for stage I I IB  Kienbbck's disease (carpal instab i l ity) provides a number 

of advantages. Al though arthrodesis biomechan ically unloads the lunate and encourages i ndirect 
revascularization, the premise of these procedures in stage I I IB  is to address the carpal instabi l i ty, 
i . e . ,  proximal m igrat ion of the capitate and scaphoid flex ion .  Furthermore, l im ited fus ions are 
durable and maintain functional wrist mobi l ity. A necrotic or fragmented lunate should be excised. 
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2 1 .  Which intercarpal arthrodesis is most appropriate? 
A triscaphe (STT) or scaphocapitate (SC) fusion i s  recommended in stage I I IB .  Both procedures 

place the scaphoid in its anatomic position in reference to the scaphoid fossa and provide stab i l ity to 
the midcarpal joint. Other intercarpal fusions have been investigated but do not unload the lunate 
biomechanically (e.g., triquetrohamate fusion). 

22. What salvage procedures are performed for advanced disease? 
In the presence of pancarpal arthrosis (stage IV Kienbi:ick's disease) e i ther a proximal row 

carpectomy (PRC) or total wrist fusion is  recommended. Factors such as the patient's physical de­
mands, occupat ion, preexisting conditions, and the articular integrity of the prox i1 al capitate and 
lunate fossa of the radius are considered in choosing between the two procedures. 

CONTROVERSIES 

23. Are radial wedge osteotomies (closing or opening) effective procedures for Kienbock's 
disease? 

Laboratory studies yield confl icting data about the effect of radial wedge osteot my procedures. 
Increasing radial angle incl ination by an opening wedge osteotomy and decreasing angle incl ination 
by closing wedge osteotomy result in lunate decompression biomechanically. Although it is difficult 
to understand how both of these procedures can achieve the same biomechanical result, c l inical stud­
ies to date report good results with closing radial wedge osteotomies. 

24. How about vascularized radial bone grafts? 
There are several reports of success with reverse-flow vascularized metaphyseal bone grafts for 

scaphoid nonunions. Described by Zaidemberg, the technique uses a dorsal radius graft based on an 
ascending branch of the radial artery-the 1 ,2 intercompartmental supraretinacular artery. Prel imi­
nary data about s imi lar techniques for stage IDA Kienbi:ick's disease appears promising as an adjunct 
to prevent lunate col lapse, relieve wrist pain, and improve grip strength. More data and long-term 
follow-up are needed before the technique is accepted in the armamentarium for lunate AYN. 

25. What procedure is best suited for patients with ulnar-positive variance? 
For obvious reasons, radial shortening or ulnar lengthening is contraindicated. We currently rec­

ommend direct lunate revascularization for early stages (I-II IA) .  A lternatively, a radial wedge os­
teotomy or capitate shortening may be considered. STT or capitohamate fusion is best reserved for 
stage IDB,  regardless of variance. 
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Michael P Staebler, M D ,  Michael Belanger, M . D , and Edward Ake/ma n ,  M D . 

1 .  How do carpal dislocations typically occur? 
Most carpal dislocations result from extreme hyperextension injuries with intercarpal supination. 

This mechanism is usually due to violent trauma as in a fal l  from a height or a motor vehicle accident. 

2. What is the difference between a perilunate dislocation and a lunate dislocation? 
In a peril unate dislocation the lunate remains aligned with the radius while the rest of the carpus 

is displaced, usual ly dorsally. In a lunate dislocation the capitate remains aligned with the radius 
whi le the lunate is  volarly extruded from the carpus. 

3. How do patients with carpal dislocations typically present? 
Patients usual ly  describe a high-energy mechanism. However, physical exam findings may not 

be particularly dramatic init ial ly. Patients usually have diffuse mi ld-to-moderate swel l ing when seen 
early, but swe l ling is l i kely to increase significantly wi th time. Tenderness is di ffuse, and range of 
motion is  decreased significantly because of pain. Be aware of possible median nerve i njury from 
direct contusion at the moment of impact, compression of the nerve by the lunate, or swel l ing within 
the carpal tunnel. 

4. What is progressive perilunar instability? What are the stages? 
Progressive perilunar instabi l ity (PLI) is a term coined by Mayfield to describe the spectrum of 

l igamentous injuries involv ing the wrist .  I t  is  based on studies in which cadaveric wrists were sub­
jected to loads in extension, u lnar deviation, and intercarpal supination. Four stages of l igamentous 
injuries with resulting carpal malalignment that eventually led to lunate dis locations were noted: 

Stage I: Scapholunate instab i l i ty. Tearing of the scapholunate in terosseous and volar ra­
dioscaphoid l igaments results in scaphoid dissociation. 

Stage II: The midcarpal capsule is  also disrupted at the capitolunate joint, al lowing the capitate 
to dislocate dorsally. 

Stage I l l :  An avulsion fracture of the triquetrum or lunot:.riquerral l igament disruption results in 
a perilunate dislocation. 

Stage IV: Lunate dis location. Disruption of the dorsal radiocarpal l igaments al lows the l unate 
to displace volarly, whereas the rest of the carpus remains al igned with the radius. 

Progressive peri lunar instabi l i ty (PL!) .  The four stages of PL! , ac­
cording to Mayfie ld 's sequence of l igamentous injury patterns, 
result in carpal instabi l i ty and, eventually, carpal dislocation. (From 
Green DP: Carpal dis locations and instabi l it ies. In Green DP (eel): 
Operative Hanel Surgery, vol 2, 3rd eel .  New York, Church i l l  
Livingstone, 1 993, p 869, with permission.) 
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5. What is the "spilled teacup" sign? What does it signify? 
Seen on a lateral wrist radiograph, the spil led teacup represents the lunate and signifies a lunate 

dis locat ion. Normal ly  the l unate, shaped l ike a kidney bean on a lateral radiograph, l ies with its 
convex surface against the distal radial articular surface and its concave surface holding the head of 
the capitate. In a lunate dislocation, the lunate has flipped volarly on its volar radiolunate l igament 
h inge so that the concavity (opening of the cup) faces into the carpal tunnel .  

6 .  Describe briefly the  various theories of  wrist carpal biomechanics. 
I .  Proximal and distal rows. The seven major carpal bones (exclud ing the pisiform, which is a 

sesamoid) are arranged in two transverse rows, a proximal and a distal row. The scaphoid acts as the 
bridge between the two rows. The proximal row includes the triquetrum, lunate, and proximal pole 
of the scaphoid; the distal row consists of the hamate, capitate, trapezium, trapezoid, and distal pole 
of the scaphoid. Motion occurs both between rows ( intercarpal) and within rows ( intracarpal) .  

2 .  Columnar carpus. Originally described by Navarro and modi fied by Taleisnik, this theory 
states that the carpus is composed of three columns: ( I )  central column ( lunate, capitate, ha mate, 
trapezoid, and trapezium); (2) lateral column (scaphoid); and (3) medial column (tr iquetrum). The 
central column is the main flexion/extension l ink along the axis of the radius, lunate, and capitate . 
The scaphoid acts as the stabi l iz ing or connecting l ink for the midcarpal joint. The triquetrum is the 
pivot point around which carpal and hand rotation takes place. 

3. Oval ring concept. Lichtman considers the carpus as a ring with two mobile l inks "permit­
ting reciprocal motion between the proximal and distal rows during radial and ulnar deviation." The 
l inks include the scaphotrapezial and triquetrohamate joints. 

7. What is meant by lesser and greater arc injuries of the carpus? 
The lesser arch is an imaginary l ine or arc around the lunate that includes only oft tissue struc­

rures (scapholunate l igament, capitol unate l igament, and l unotriquetral l igament). The greater arc 
consists of the bony structures around the lunate. Peri lunate dislocations may be purely l igamentous 
or also involve fractures. They are described by the carpal bones involved. For example, a peri lunate 
dislocation with an associated scaphoid and capitate fracture is described as a transscaphoid, trans­
capitate perilunate fracture/dislocation. 

8. What is the significance of a chauffeur's or radial styloid fracture'? 
A fracture through the radial styloid may be a harbinger of a more serious l igamentous injury to 

the carpus. The energy that produced the radial styloid fracture may propagate throu0h the lesser arc, 
producing a scapholunate disruption or more significant PU. 

9. How can a dorsal perilunate dislocation be reduced? 
The technique described by Tavernier is usefu l .  Complete muscle relaxation is essential  for 

atraumatic reduction. This technique entails an initial period of 5- 1 0  minutes of continuous longitu­
dinal traction in fingertraps with I 0-1 5  lb of weight to al low relaxation of muscle forces. After lon­
g i tudinal traction, manual traction is maintained by the surgeon . The thumb of one hand applies 
gentle pressure to the volar aspect of the wrist to stabilize the lunate. With the other hand, the pa­
tient's wrist is extended while longitudinal traction is  maintained. Gradually, the wrist is flexed, al­
lowing the capitate to snap back into the concavity of the lunate. 

10. What is the best method of treatment for an acute perilunate/lunate dislocation or frac­
ture/dislocation? 

In general, with the significant amount of l igamentous disruption and possible fractures assoc i­
ated with these injuries, nonoperative management with closed reduction and casting is rarely satis­
factory. A critical determ inant of successful reduction is the position of the scaphoid. A scapholunate 
angle greater than 80° with a scapholunate gap greater than 3 mm indicates s ignificant residual 
scaphoid rotatory subluxation and often a poor long-tenn outcome. Some authors favor closed reduc­
tion fol lowed by percutaneous pinning of the scaphoid to the capitate and lunate, but only if anatomic 
reduction of the scaphoid, lunate, and capitate can be achieved. In many instances, especially with an 
associated fracture of one or more carpal bones, anatomic reduction cannot be ach ieved. Most authors 
now advocate open reduction, l igament repair, and internal fixation of these h igh-energy injuries. 
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Many authors favor the combined dorsal and volar approach of Dobyns and Swanson to allow assess­
ment and repair of l igamentous and bony structures on both sides of the wrist. 

1 1 .  What is Watson's test? 
Watson's test, or the "scaphoid shift," as Dr. Watson prefers, is a provocative maneuver used to 

evaluate scaphoid stab i l ity and peri scaphoid synovi t i s .  The thumb of one hand is p laced on the 
scaphoid tuberosity (distal pole on volar surface) while the four fingers of the same hand are placed 
behind the radius. With the patient 's wrist initially in ulnar deviation and s l ight extension, the exam­
iner's opposite hand is used to deviate radial ly and to flex s l ightly the patient 's wrist. Pressure on the 
tuberosity prevents the scaphoid from palmarflexing with scaphoid instabi l ity or rotary subluxation. 
The scaphoid thus is "pushed" dorsal ly out of the radial Fossa, producing pain and/or a palpable 
clunk. A comparison test on the opposite wrist should always be performed. (See chapter 1 14 . )  

1 2 .  What i s  a DISI  deformity? A VISJ deformity? 
DISI ,  which stands for dorsal intercalated segmental instabil ity, occurs when scapholunate l iga­

ment disruption results in volar flexion of the scaphoid and dorsal angulation of the lunate. V IS ! ,  
which stands for volar intercalated segmental instability, signifies a lunotriquetral l igament disrup­
tion with volar angulation of the lunate compared with a normally al igned scaphoid. 

13. List other radiographic signs of scapholunate dissociation. 
I .  Foreshortened scaphoid-when the scaphoid is volar flexed, as in scapholunate dissociation, 

it appears shorter on the anteroposterior (AP) view. 
2 .  S ignet ring s ign-seen on the AP v iew; represents an axial v iew of a s ignificantly volar 

flexed scaphoid. 
3. Lack of paral lel ism between the articular surfaces of the scaphoid and lunate. 
4. Increased capitolunate angle (normally 0° with a normal range of 0- 1 5°) .  

Carpal bone angles. In  each case the normal angle is shown (A) i n  comparison with the abnormal angle seen with 
a DISI deformity (B). The average scapholunate angle is 47°; an angle greater than 80° is indicative of scapholu­
nate dissociation or rotary subluxation of the scaphoid. The capitolunate angle should be 0° with the wrist in neu­
tral; the normal range is 0- 1 5°.  The racliolunate angle is abnormal if it is greater than 1 5° .  (From Green DP: 
Carpal d is locations and instab i l i t ies .  In Green DP (ed ) :  Operat ive I-land Surgery, vol 2 .  3rd eel. New York, 
Churchi l l  Livingstone. 1 993, p 874. with permission.) 

14. Who was Terry Thomas? What is the significance of his name? 
Terry Thomas was a famous English film comedian with a wide gap in his front teeth. The "Terry 

Thomas" sign, seen on an AP of the wrist, indicates a widened scapholunate gap and signifies a scapho­
lunate dissociation. A scapholunate gap > 3mm is considered diagnostic of a scapholunate dissociation. 

15. What is the difference between static and dynamic scapholunate dissociation? 
Static scapholunate dissociation is associated with a fixed deformity between the scaphoid and 

lunate as seen on AP and lateral views. ln dynamic dissociation there is no radiographic evidence of 
abnormality with plain v iews. Any abnormal scapholunate relationship is ident ified only by stress 
radiographs, such as a clenched fist AP v iew. 

16 .  Which radiographs help to make the diagnosis of scapholunate dissociation? 
A typical scaphoid series includes the following: 
I .  True lateral view with the wrist in neutral-useful for evaluation of overa l l  al ignment and 

measurement of carpal angles. 
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2. Posteroanterior (palm down) view in maximal ulnar deviation-profile view of the scaphoid; 
helpful for seeing scaphoid fractures. 

3. AP view with clenched fist-accentuates a dynamic scapholunate dissociation. 

ZERO PA 

A B c D 

Methods of taking standardized PA and lateral radiographs of the wrist, according to Taleisnik. The arrows indi­
cate the d i rection of the x-ray beam, which i s  centered directly over the radiocarpal joint. (From Green DP: 
Carpal dis locations and instab i l i t ies. I n  Green DP (ed): Operative Hand Surgery, vol 2,  3rd ed. New York, 
Churchi l l  Livingstone, 1 993, p 875, with permission.) 

17. What is a normal scapholunate angle? When is a scapholunate angle considered pathologic? 
On a lateral view, with the wrist in neutral, a l ine is drawn through the long axi of the lunate. A 

second l ine is drawn through the long axis of the scaphoid. The angle formed by the intersection of 
the two l ines is the scapholunate angle. Nonna[ values range from 30-60° with an average of 47°, as 
described by L inscheid. An angle greater than 80° should be considered a defini te i ndication of  
scapholunate dissociation or rotary subluxation of the scaphoid. 

18. Other than lunotriquetral tears, what major diagnostic categories must be considered in 
working up ulnar-sided wrist pain? 

Ulnar impaction syndrome, due to the relatively increased length of the ulna with increased 
load-bearing through the carpus onto the ulnar side of the wrist, may cause painful symptoms s imi­
lar to lunotriquetral injury. Triangular fibrocartilage complex tears can m imic lunotriquetral in­
juries with simi lar symptoms of pain and crepitance. Localization of the source of pain via palpation 
and provocative testing helps to distinguish between possible sources of ulnar-sided pain. 

1 9. How large is the normal angle between the long axis of the triquetrum and the axis of the 
lunate? 

Although it can be difficult to visualize the triquetrum and lunate adequately because of overlap 
of adjacent carpal bones, the average difference in angulation is 1 4°. After a lunotriquetral l igament 
tear, the angle may be decreased significantly and in fact reverse orientation to as much as negative 
1 6°. In chronic cases lunotriquetral joint space narrowing with associated subchondral sclerosis and 
cysts may be seen. 

20. Describe the typical h istory and examination of a patient with a lunotriquetral ligament 
tear. 

The h istory is  variable, but many patients recall a speci fic dorsi flex ion injury event. Patients 
may describe a painful palpable or audible c l ick or clunk on the u lnar aspect of the wrist, part icu­
larly with u lnar deviation. Complaints also may include weakness and decreased range of motion. 
Physical findings may demonstrate synovi t is  or arthri t is  with periart icu lar infl ammation and 
swell ing. Palpation over the lunotriquetral joint may produce local tenderness. Provocative test i ng 
that loads the u lnar carpus may demonstrate increased or pathologic motion c mpared with the 
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other s ide .  Radiographic examination ranges from completely normal to V I S !  deformi ty. The 
degree of radiographic abnormality most l i kely depends on the extent of the associated injury to ad­
jacent intercarpal l igaments. 

21. Describe a shear or ballottement test of the lunotriquetral joint. 
The shear test attempts to demonstrate increased lunotriquetral motion. The examiner p laces 

one thumb on the dorsum of the lunate to push volarly and the other thumb on the volar palm at the 
pisiform, pushing dorsally. Pain, with or without crepitance, is  a positive test. Comparison should be 
made with the unaffected side. 

22. How can lunotriquetral instabilities be graded'? 
Viegas has described three stages of increasing severity: 
Stage I: partial or complete disruption of the lunotriquetral interosseous l igament (LTIL) with 

no cl inical or radiographic evidence of dynamic or static VIS ! .  
Stage I I :  complete disruption of the LTI L  and pa l  mar  LT l igaments wi th  c l in ical and/or radi­

ographic evidence of dynamic VIS I .  
Stage I I I :  compete d isruption of the  LTI L  and palmar LT l igaments, inc luding disruption of  

the scaphoid and l unate portion of the dorsal radiocarpal l igament, with c l inical or radiographic 
evidence of stat ic VIS I .  
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1 1 9 . U LNAR WRIST PAI N  

Arnold-Peter C Weiss. M . D . 

1. What five carpal bones make up the ulnar side of the wrist? 
The ulnar carpus encompasses the lunate, triquetrum, pisifom1, hamate, and capitate. 

' What structure on the ulnar side of the wrist is frequently injured yet not seen on radi ­
ographs? 

The triangular fibrocart i lage complex (TFCC), which is made up of the ulnar carpal l igaments, 
ulnar wrist capsule, and triangular fibrocart i lage meniscus. 
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Main structures of the wrist. s = scaphoid, c = capitate, I = l unate, h = 
hamate, t = triquetrurn, tfcc = triangular fibrocart i lage complex. 

3. What intercarpal ligament is frequently injured along with the TFCC? 
The l unotriquetrial l igament is  commonly injured along with the TFCC. These two structures 

are the most l ikely soft tissue elements of the ulnar wrist to cause pain. 

4. Ulnar wrist pain in the hypothenar eminence in golfers is commonly caused by what type 
of fracture? 

A fracture of the hook of the hamate. These fractures are frequently not seen on anteroposterior 
(AP) and lateral radiographs of the hand or a carpal tunnel view. They are commonly m issed but can 
be documented by computed tomography (CT) of the wrist. Treatment involves cast immobil ization, 
excision of the nonunion fragment i f  healing does not occur, or open reduction and internal fixation 
of the hook. 

5. What structure on the ulnar side of the wrist is prone to age-related changes? 
The TFCC is prone to degenerative tears that are directly proportional to age of the patient. 

6. What is ulnar variance? 
U lnar variance refers to the length of the distal ulna compared with the lunate Fossa of the distal 

radius. Patients are described as ulnar-plus, ulnar-neutral, or ulnar-minus. An u lnar-minus variance 
is  associated with the development of K ienbock 's disease (avascular necrosis of the l unate) ,  which 
causes wrist pain. An u lnar-plus variance i s  associated with ulnar carpal abutment syndrome, in 
which the ulna is  longer than the radius and pushes into the underside of the TFCC, causing degen­
erative changes and u lnar-sided wrist pain. 

7. What diagnostic tests help in differentiating causes of ulnar-sided wrist pain? 
Wrist arthrography and magnetic resonance imaging (MRI). Wrist arthrography involves injec­

tion of dye into the wrist to visual ize the TFCC and intercarpal l igaments. Abnormal lea.ks of the dye 
between areas where the structures a.re supposed to be intact indicate disruption. MRI can also define 
tears of the TFCC and, to a lesser degree, the intercarpal l igaments. 

8. What technique has the best sensitivity, specificity, and accuracy for defining ulnar-sided 
wrist pain due to soft tissue injuries? 

Wrist arthroscopy is more sensitive, specific, and accurate than other diagnostic techniques for 
defining soft tissue disruption of both the intercarpal l igaments and TFCC. 

9. During arthroscopy, loss of what finding may indicate tearing of the peripheral TFCC? 
During arthroscopy a probe is used to  bal lot the TFCC cart i lage d isc .  Normal ly  the cart i l age 

disc is  taut and demonstrates a trampoline effect. If the cartilage disc does not rebound to forces pro­
vided by the probe, a tear of the peripheral TFCC should be suspected. 
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10. What is the vascular anatomy of the TFCC'? 
The TFCC has a rich vascular supply to the peripheral portion, whereas the central portion and 

attachment to the distal radius are relatively avascular. Tears located in the peripheral TFCC, there­
fore, have a high propensity to heal if treated by debridement and/or repair, whereas tears of the cen­
tral component are unl ikely to heal with repair alone. 

1 1 .  What is the main form of treatment for central TFCC tears? 
Because this portion of the TFCC is relatively avascular, the redundant portions ( i .e . ,  any flaps 

that may be present) of the meniscal disc itse l f  are debrided. Debridement decompresses the tear 
itself and does not alter the structural anatomy of the ulnar wrist. 

12. In patients who have undergone TFCC debridement but still have ulnar-sided wrist pain, 
what procedure may be used as an initial salvage procedure for relief of pain? 

In patients who have TFCC pain and u lnar-posi t ive variance, an ulnar shortening osteotomy 
that takes pressure off the underside of the TFCC may be useful after failed TFCC debridements. 
This procedure is  also effective in some patients who have concomitant lunotriquetral l igament and 
TFCC tears. 

13. What vascular anatomy is commonly associated with ulnar-sided wrist pain'? 
Hypothenar hammer syndrome. Patients who often use their hypothenar eminence as a hammer 

(e.g., jackhammer operators) may develop a clot in the ulnar artery. Thrombosis causes local ized 
pain, and occasionally a mass is  felt in the hyothenar region. The diagnosis can be made by perform­
ing an Allen's test, in which loss of refi l l  of the ulnar digits may be noted. 

1 4. What physical tests are used to examine for lunotriquetral ligament tears? 
The lunotriquetral shear test ( Kleinman or Reagan) and lunotriquetral compression test 

(Linscheid) are useful for evaluating the lunotriquetral l igament. During e ither test, pain or a c l ick 
centered at the lunotriquetral joint may indicate disruption of this l igament. 

15. What is the most common diagnostic and therapeutic procedure for lunotriquetral l iga­
ment tears? 

Wrist arthroscopy (using the 4/5 or 6-R portals) is the best way to identify lunotriquetral l iga­
ment tears. Partial tears can often be treated by debridement alone; complete tears also occasionally 
may be made asymptomatic by debridement of the ligament edges. For patients who have persistent 
pain, lunotriquetral fusion and four-corner fusion ( fusion of the capitate, hamate, lunate, and tri­
quetrum) have been advocated. 

16.  Why do some authors advocate a four-corner fusion rather than a l unotriquetral fusion 
for documented l unotriquetral ligament tearing? 

The fusion rate obtained with a four-corner fusion is substantially h igher than that obtained with 
a lunotriquetral fusion. Approximately 50% of lunotriquetral fusions result in nonunion. 

17. If  pain is el icited by the l unotriquetral shear test, what other condition m ust be ruled 
out? 

Pisotriquetral arthrit is . Because the lunotriquetral shear test is  performed by putting the thumb 
over the pis iform and pushing dorsal ly to provide shear between the lunate and triquetrum, pisotri­
quetrnl arthri t is rather than any problem at the lunotriquetral l igament may cause pain by compres­
sion of this joint. For this reason, testing for pain isolated to the p isotriquetral joint by "shucking" 
the pisiform against the triquetrum alone should be done. 

18. What are the two types of TFCC meniscal tears? 
Traumatic and degenerative. Traumatic tears are usual ly l inear and occur at the edges of the 

TFCC at ei ther the soft tissue attachments or attachment to the distal radius. Degenerative tears gen­
erally occur in ulnar impaction syndrome (with an ulnar-plus variance), in older people, and in the 
midportion of the fibrocarti I age meniscus. 
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1 2 0 .  I NTE RCARPAL ARTH RODES I S  

J effrey Weinzweig , M D . ,  and H .  K irk Watson ,  M . D . 

1 .  What is an intercarpal arthrodesis? 
Intercarpal arthrodesis, also refen·ed to as l imited wrist arthrodesis, is  the selective fusion of ad­

jacent carpal bones within the wrist. It is  a proven method for treat ing specific carpal pathology that 
maximizes postoperative wrist motion, function, and strength while el iminating pain and instabi l i ty. 

2. Which wrist joints are responsible for tlexion and extension? 
Both the radiocarpal and midcarpal joints contribute to all phases of  flexion and extension 

motion of the wrist . Two-thirds of nexion occurs at the radiocarpal joint. whereas one-third occurs at 
the m idcarpal joint .  S l i ght ly more extension occurs at the radiocarpal joint than at the midcarpal 
joint. 

3. What is the functional range of wrist motion? 
The functional range of wrist motion is 5° flex ion, 30° extension, I o· radial dev iation, and 1 5 ° 

ulnar deviation. Almost all activities of daily liv ing are completed within these ranges of motion, all 
of which are usually surpassed with l imited wrist arthrodeses. Radioulnar deviation after radiocarpal 
fusions is  the only exception. 

4. Is wrist motion lost after intercarpal arthrodesis? If so, how does the loss compare with 
motion lost after a total wrist arthrodesis? 

In the normal wrist adjacent carpal bones demonstrate motion l imitations specific to a given in­
tercarpal joint. Fusion of intercarpal joints results in some degree of motion loss; the extent depends 
on the joint(s) involved in the l imited wrist arthrodesis. Fusions crossing the radiocarpal joint (e.g., 
radiolunate arthrodesis) result in the greatest loss of motion; fusions crossing the proximal and distal 
rows of the carpus or m idcarpal joint (e.g., capitate-lunate-hamate-triquetral arthrodesis or scapholu­
nate advanced col lapse [SLAC] reconstruction; see question 1 8) resul t  in an intermediate loss of 
motion; and fusions within a single carpal row (e.g. ,  lunotriquetral arthrodesis) result in the least loss 
of motion (see question 26). When multiple carpal bones undergo fusion. a compensatory increase in 
motion occurs at the unfused joints, thereby max imizing total wrist motion. This adaptation of the 
carpus is  not usual ly ful ly achieved unt i l  9- 1 2  months after intercarpal arthrodesis .  Total wrist 
arthrodesis, however, results in  complete loss of all wrist motion. 
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5. What are the indications for an intercarpal arthrodesis? 
Intercarpal arthrodes i s  addresses a diverse group of wrist disorders, including degenerative 

d isease, rotary subluxation of the scaphoid, midcarpal instabil ity, scaphoid nonunion, K ienbbck's 
disease, carpal osteonecrosis, and congenital synchondrosis or partial fusion of various intercarpal 
joints. 

6. Why is it critical that unaffected intercarpal joints be left unfused? Are there any exceptions? 
Unaffected intercarpal joints must be left unfused if motion is  to be maintained postoperat ively; 

hence the conceptual basis for selective l imited wrist fusion. An exception to this principle is  the in­
clusion of the hamate and triquetrum in SLAC wrist reconstruction to maximize the su1face area for 
bone graft consolidation (see question 1 8 ) .  

7. Why must the normal external dimensions of the carpal bones i ncluded in  a l im ited 
arthrodesis be preserved? Are there any exceptions? 

Preservation is essential to maintain normal articulations with adjacent bones. Preservation of 
the external dimension of the triscaphe (scaphotrapeziotrapezoid [STT ] )  joint during arthrodesis is 
accompl ished with a temporary spacer that is  removed after pin placement. In lunotriquetral 
arthrodesis, the distal rim of cart i lage on the adjacent surface of each bone is left intact. This carti­
l age is  an important guide in maintaining reduction and al ignment of the bones before fixation. 
SLAC wrist reconstruct ion ( see question 1 8 ) ,  with fusion of the capi tate, lunate, hamate, and tri­
quetrum, presents an exception to this principle. Whereas reduction of the lunate and correction of 
any dorsal intercalated segmental instability (DJS! )  is essential, maintenance of the original external 
dimensions of the four carpal bones is  not. No other intercarpal joints remain to be affected. Some 
collapse of the capitate and hamate on the lunate and triquetrum is tolerated because all loads pass 
directly through the single fused unit and subsequently through the preserved radiolunate joint. 

8. Why must pin fixation include only bones involved in  the arthrodesis? 
This technique permits any encountered stresses or loads to be dissipated by motion in the adja­

cent local joints. Inadvertent inc lusion of adjoining bones during fixation inhibits the motion of adja­
cent joints, thus increasing the amount of load transferred through the heal ing art hrodes is  and 
potentially disrupting the fusion site. 

9. Why is the scaphoid susceptible to degenerative arthritic change? 
The susceptibi l ity of the scaphoid to degenerative arthritic change is attributable to its anatomy 

and position within the wrist. The articular surface of the distal radius is composed of two articular 
fossae, a radial Fossa for the scaphoid, and an ulnar Fossa for the lunate. The fossa for the scaphoid is 
ovoid or e l l iptical, whereas the fossa for the lunate is  spherical. Part of the sphere is  composed of the 
most radial portion of the triangular fibrocart ilage. The proximal articular surface of the scaphoid re­
sembles a simple teaspoon with its handle immediately dorsal and radial to the position of the re­
laxed thumb. Flex ion and extension occur with full articular contact of the spoon (scaphoid) in the 
el l iptical fossa of the radius. If the spoon handle is brought in front of the l i ttle finger and flexed so 
that the handle is  perpendicular to the long ax is of the forearm, the contact surface of the spoon in 
the el l iptical fossa is disrupted. When this occurs, the proximal spoon surface (scaphoid) l ies on the 
rad ial edges of the e l l ipt ical Fossa, and fairly rapid destruct ion between the scaphoid and rad ius 
occurs in these regions. 

Distal rad ius and u lna anatomy. An end-on v iew of 
the distal radius and ulna demons1ra1es Ihe e l l ipiical 
scaphoid fossa and Ihe spherical l unale fossa. The 
radial port ion or the Iriangular f"ibrocarl i lage (TFC) 
comribules to 1he support mechanism for 1he lunate. Elliptical Fossa 

Spherical Fossa 
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10. What i s  a triscaphe arthrodesis? 
Triscaphe arthrodesis is  a fusion of the scaphoid, trapezium, and trapezoid bones and is often re­

ferred to as an STT fusion. A single bony unit is  created with external dimensions identical to those 
of the three carpal bones before fusion. Preservation of the external bony dimension is necessary to 
prevent carpal collapse and excessive loading of the capitate, which ult imately result in degenerative 
change and instabi l i ty of the lunocapitale column followed by SLAC wrist (see question I 5) .  

I ndications for triscaphe arthrodesis include symptomatic rotary subluxation of the scaphoid 
(see question 1 1 ) , degenerative disease of the triscaphe joint, nonunion of the scaphoid, Kienbock's 
disease, scapholunate (SL) dissociation, traumatic dislocations, midcarpal instabil ity. and congenital 
synchondrosis of the triscaphe joint. Triscaphe arthrodesis provides a stable radial column for load 
transfer across the wrist to the radius and permits the unloading of carpal units no longer capable of 
bearing load, such as the lunate in Kienbock's d isease. in addition, it provides stability and strength to 
a wrist affected by the pathomechanics of rotary subluxation of the scaphoid or midcarpal instabi l i ty. 

1 1 . What is rotary subluxation of the scaphoid? How is it treated? 
Rotary subluxation of the scaphoid ( RSS) is a well-recognized entity in which the scaphoJunate 

articulation is  disrupted and the wrist develops a pattern of instabi l ity with loading. Lt is  classically 
described as a diastasis between the scaphoid and lunate with dorsal displacement and rotation of the 
proximal pole of the scaphoid. Disruption of the l igamentous support of the proximal pole permits it 
to rotate dorsally while the distal pole rotates volarly, producing an increased SL angle on lateral ra­
diographic examination with the scaphoid lying more perpendicular to the long axi of the forearm. 
This deformity produces a scaphoid with abnormal motion that may subject the radioscaphoid joint 
to abnormal loading stresses, eventually result ing in destruction of the joint. 

Patients with RSS present with various combinations of five consistent complaints: ( I )  activity pain, 
(2) postactivity pain, (3 )  activity modification, (4) carpal tunnel syndrome symptoms, and (5) wrist 
ganglions. All patients present wid1 at least d1ree of these historical findings; many pre ent with all five. 
Radiographic findings on the neutral posteroanterior (PA) view may include foreshortening of the 
scaphoid, a positive ring sign, and an increased scapholunate gap. Radiographic fmdings on the neutral 
lateral view may include a scapholunate angle greater than 70° and a DISI defonnity of d1e lunate. RSS 
is best treated with a triscaphe arthrodesis to stabilize the scaphoid and radial column of the carpus. 

Rotary subl uxation of the scaphoid. A, The neutral PA view 
shows foreshortening of the scaphoid, a positive ring sign, and 
an increased scapholunate gap. 8, The neutral lateral view shows 
a scapholunate angle of 90° and a DISl deformity of the lunate. 

12. How is a triscaphe arthrodesis performed? 
The triscaphe joint is approached through a transverse dorsal wri t i nc is ion just distal to the 

radial  styloid. The radial  styloid is  exposed, and the distal 5 mm of the styloid are resected. The 
triscaphe joint is  approached through a transverse capsular incision between the extensor carpi radi­
al is longus and brevis tendons. The articular surfaces and the subchondral hard cancel lous bone of 
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the scaphoid, trapezium, and trapezoid are removed with a rongeur. The cortex dorsal to the articular 
cart i lage on the trapezium and trnpezoid is  also removed to broaden the surface area for grafting. 

Two 0.045-inch Kirschner wires are then passed percutaneously and preset through the trapezoid 
up to the fusion s i te to be driven into the scaphoid. The scaphoid is reduced (see below) ,  and a 5-mm 
spacer, usual ly the handle of a small hook, is placed into the scaphotrapezoid space to maintain the 
original external dimensions of the triscaphe joint. The preset pins are then driven from the trapezoid 
into the scaphoid, avoiding placement into the radioscaphoid joint or radius, and the spacer is removed. 

Cancellous bone graft, harvested from the distal radius, is then densely packed into the spaces 
between the scaphoid, trapezium, and trapezoid. The pins are cut beneath the skin level, and the skin 
incisions are closed with a single-layer subcuticular monofilament suture. The wrist capsule and exten­
sor retinaculum are simply realigned without suturing. The postoperative dressing consists of a bulky 
noncompressive wrap incorporat ing a long-arm plaster splint. The hand is placed in a protected posi­
tion with the wrist in s l ight extension and radial deviation, the forea1m neutral, and the elbow at 90°. 

Triscaphe (STT) anhrodesis. A. Radiographic examination 6 weeks after triscaphe arthrodesis demonstrates typ­
ical pin placement and adequate bony consolidation. B, Three months after triscaphe fusion, the arthrodesis is ra­
diographically solid. 

13. What is the key to performing a successful triscaphe arthrodesis? 
The most important step in triscaphe arthrodesis i s  reduction of the scaphoid. The normal 

scapholunate angle is  approximately 4 7° to the long axis of the forearm. Scaphoid red uction i s  
accompl i shed by placing the wr is t  in fu l l  radial dev iation and 45 ° of  dors i flexion; the scaphoid 
tuberosity is  reduced by the surgeon's thumb to prevent scaphoid overcorrect ion .  P inn ing is per­
formed as described, after which the scaphoid should l ie at approx imately 55 °  to 60° of palmar 
flex ion re lative to the long axis of the rad ius when seen from the lateral view. This position en­
sures optimal radioscaphoid congru ity and maximizes postoperat ive range of motion. I t  is  not 
necessary to correct abnormal rotation of the lunate. 

14. Are there any absolute contraindications to a triscaphe arthrodesis? 
Triscaphe arthrodesis is  contraindicated if significant degenerative change is found at the ra­

dioscaphoid joint. 

15. What is SLAC wrist? 
S LAC wrist is  the most common pattern of degenerative disease of the wrist, accounting for 

57% of al l  periscaphoid arthritis. The scaphoid is the weak l ink in the wrist in regard to degenerative 
disease, and the special ized radioscaphoid joint  is particu larly susceptible. Rotation, fracture 
nonunion, or necrosis of the scaphoid may produce a collapse pattern on the radial side of the wrist, 
u l t imately leading to degenerative disease or SLAC destruction, which occurs first between the 
radial styloid and the scaphoid (stage IA). With progressive degenerative disease, complete destruc­
tion of the radioscaphoid joint occurs with col lapse of the articular space (stage IB) .  Once this col­
lapse has occurred, whether i t  is  secondary to scaphoid instab i l ity or scaphoradial in  nature ,  the 
capitate- lunate joint is  unable to bear loads normal ly. The capitate drives off the rad ial or dorsal 
radial portion of the distal lunate articular surface, causing cart i lage shear stress with eventual de­
struction of the capitate-lunate joint and resultant midcarpal SLAC (stage l ! ) .  
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Stages o f  scapholunate advanced collapse (SLAC) 
wrist. A, SLAC changes are seen earliest at the 
radial aspect of the radioscaphoid joint beginning 
at the radial styloid (stage LA ). B,  Subsequently, 
the remainder of the radioscaphoid joint i s  in­
volved (stage IB ). C. Finally. destruction of the 
capitate-lunate joint occurs ( tage I I ) .  Isolated 
involvement of the capitate-lunate joint also may 
be seen and is referred co as midcarpal SLAC. 

1 6. Which conditions predispose to the development of SLAC wrist? 
The most common cause of S LAC wrist is  rotary subluxation of the scaphoid fol lowed by 

scaphoid nonunion. Other condit ions that produce SLAC degeneration include Preiser's d isease, 
midcarpal instabi l i ty, intraart icular fractures involving the radioscaphoid or capitate-lunate joints, 
and Kienbock's disease (tertiary to the secondary RSS). 

1 7. Which joint in the wrist is virtually never involved in degenerative disease? Why not? 
The key to reconstruction of the SLAC wrist lies in the radiolunate joint, which is highly resistant to 

degenerative change and is preserved at all stages of the SLAC sequence. The articulation of the lunate 
with the radius is spherical; thus, the lunate can be moved volarly or dor ally, radia y or ulnarly, and 
the proximal articular surface of the lunate wi l l  sti l l  be perpendicularly loaded (see question 9). Even 
with significant displacement of the lunate into VIS!  or DlSI ,  the radiolunate joint usually is preserved. 

1 8. How is SLAC wrist reconstruction performed'? 
SLAC wrist reconstruction involves excis ion of the scaphoid and arthrode i of the capitate, 

lunate, hamate, and triquetrum. This procedure, also referred to as a four-corner fusion, is  pe1·formed 
with two parallel dorsal incisions: one over the radiocarpal joint and one proximally over the distal 
radial aspect of the radius for bone graft harvest (same incisions as for the triscaphe arthrodesis). After 
incising the extensor ret inaculum along the third compartment, a transverse incis ion is made through 
the wrist capsule at the level of the capitate-lunate joint. The scaphoid is approached in the interval be­
tween the extensor carpi radial is longus and brevis and removed in piecemeal fashion with a rongeur. 

Longitudinal traction on the fingers permits exposure of the rad iolunate joint · cl confirmation 
that it is  wel l-preserved. Next art icular cart i lage and subchondral bone are removed from the adja­
cent surfaces of the capitate, lunate, hamate, and triquetrum. Cancel lous bone is then harvested from 
the distal radius. Three 0.045-inch Kirschner wires are passed percutaneously and preset through the 
capitate, hamate, and triquetrum up to the fusion s i te to be driven into the l unate. A fourth wire is 
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preset into the triquetrum to be driven into the capitate. Pan of the cancel lous graft is then packed in 
the deep interval between the capitate and lunate. After correction of any DIS! deformity of  the 
lunate (see question 1 9), the preset pins are driven into the lunate from the capitate, hamate, and tri­
quetrum and from the triquetrum into the capitate. Bone graft ing, closure, and postoperative dress­
ings are the same as for the triscaphe arthrodesis (see question 1 2) .  

SLAC wrist reconstruction. A ,  Radiographic examination 6 weeks a l"ter SLAC reconstruction with l imited wrist 
anhrodesis and scaphoid excision demonstrates typical pin placement and adequate bony consol idation. B, Six 
months after SLAC reconstruction. the arthrodesis is radiographically solid and the radiolunate joint wel l  preserved. 
Note the ulnar displacement of the capitate on the lunate, which tightens the radioscaphocapitate l igament and pre­
vents ulnar translation. 

19. What is the key to performing a successful SLAC wrist reconstruction? 
The most important step in SLAC wrist reconstruction is correction of  the commonly associated 

DISI deformity of the lunate. The capilate must be volarly and ulnarly displaced on the lunate to pre­
vent the DIS! posit ion and to al ign the hand over the radius-lunate joint. A buttress pin running dor­
sal ly in to the l unate abutting the dorsal edge of the rad ius may be used to maintain the lunate in a 
s l ight VIS! posit ion. A joker (s imi lar to a Freer) placed across the distal l unate surface and used as a 
lever wi l l  suffice for position control. It is important to bring the capitate ulnarly and 10 al ign it cen­
tered on the lunate. Inadequate reduction of the DIS!  deformity of the lunate at the time of arthrode­
sis not only leads to loss of carpal height but also limits the available arc of radiolunate motion. 

20. Are there any absolute contraindications to SLAC wrist reconstruction? 
Patients who present with S LAC wrist in conjunction with lunate or radiolunate pathology are 

not candidates for this type of reconstruction. S ignificant ulnar translation, which disrupts the con­
centric congru ity of the radiolunate art iculation and predictably leads to joint  destruct ion,  os­
teonecrosis of  the l unate (as in Kienbock's disease), and preexist ing radiolunate degenerative 
change, are absolute contraindications to SLAC wrist reconstruct ion. The salvage procedures under 
these conditions include proximal row carpectomy and wrist arthrodesis. 

21. What are the most common patterns of degenerative disease of the wrist? 
In its normal anatomic position, the scaphoid articulates with the radius at the radiocarpal joint 

and with the trapezium and trapezoid at the triscaphe joint. It is ,  therefore, not surprising that ap­
proximately  95% of all degenerative disease of the wrist is  periscaphoid in origin. Review of more 
than 4000 radiographs of the wrist yielded 2 1 0  fi lms demonstrating degenerative arthritic change. 
The SLAC pattern of degenerative change was seen in 57%, triscaphe joint arthrit is in 27%, and a 
combination of both in I 5%. 

22.  What is a congenital carpal synchondrosis? Which intercarpal joint is most commonly 
involved? 

Cavitation of a common cartilaginous precursor during the fourth to eighth weeks of intrauterine 
l i fe results in the formation of indiv idual carpal bones. Incomplete cavitation results in congenital 
carpal synchondrosis or incomplete separation of the carpal bones, which becomes radiographical ly 
apparent as the carpus ossifies. This occurs most commonly at the lunotriquetral joint, where the joint 
has the pathognomonic appearance of a fluted champagne glass. The distal portion of the joint usually 
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has normal cartilage development, whereas proximally normal joint development has been arrested, 
predisposing it to degenerative joint disease. The capitate-hamate joint is the next most commonly in­
volved. Such anomalies occur rarely, are generally believed to be asymptomatic, and are usually dis­
covered as incidental findings during radiographic evaluations for minor trauma. 

23. Why might a congenitally fused intercarpal joint require subsequent arthrodesis? 
Congenital synchondrosis of a joint can be recognized radiographically by the presence of bone 

where articular cartilage should be found. This unique radiographic fmding is diagnostic of this in­
teresting anomaly. In degenerative arthritis, on the other hand, the articular cartilage has developed 
and subsequently been worn away; as a result, the normal bony surfaces approach one another. The 
spectrum of synchondrosis ranges from partial to complete fusion, depending on the degree of for­
mation of the articular cart i laginous elements. Degenerative disease may result from motion within a 
partial ly fused intercarpal joint that possesses inadequate cartilage to tolerate loading, necessitating 
a l imi ted wrist arthrodesis. 

24. What are the indications for limited wrist arthrodesis of the lunotriquetral joint? 
Pathology aris ing from the lunotriquetral (LT) joint is  a known cause of ulnar wrist pain .  

Indications for l imited wrist arthrodesis of th is  articulation include LT joint instabi l ity, degenerative 
arthritis, and symptomatic congenital synchondrosis or incomplete separation of the lunate and tri­
quetrum. Patients with LT pathology usually experience pain by palpation directly over the LT joint 
or by shear loading of die joint while perfo1ming an LT ballottement test. 

25. How is an LT arthrodesis performed? 
The LT joint is  exposed through a transverse dorsal ulnar incision centered over the joint, and 

the adjacent articular surfaces are removed with a dental rongeur. The distal margins of cartilage are 
left intact to preserve the relationship of the two bones and to help maintain al ignment during fixa­
tion. During removal of the articular surfaces, a biconcave space is created to centralize any loads 
and to aid in preventing displacement of grafted bone. Two 0.045-inch Kirschner wires are preset 
into the triquetrum in parallel fashion. The joint is reduced using the preserved margins as gu ides, 
maintaining the normal external dimensions of the bones, and the K-wires are driven into the lunate. 
The biconcave space is then densely packed with cancellous bone graft. A long-aim dressing incor­
porating a dorsal spl int is  applied. 

26. Which intercarpal arthrodesis results in the greatest loss of wrist motion? Which results 
in the least loss of motion? 

Of the intercarpal arthrodeses, the four-bone SLAC wrist reconstruction results in the greatest loss 
of wrist motion. This fusion crosses the midcarpal joint and involves four intercarpal joints ( lunate-cap­
itate, triquetrum-hamate, lunate-triquetrum, and capitate-hamate joints). The average range of motion 
after SLAC reconstruction is  approximately 60% of the contralateral normal wrist. The average range of 
motion after triscaphe a1throdesis is approxinlately 80% of the contralateral normal wr· t. A1throdesis of 
the LT joint, typically regai·ded as die tightest joint in the wrist, results in the least loss of cai-pal motion. 

27. What is the optimal bone graft donor site for intercarpal arthrodesis? 
The distal radius provides an ample supply of cai1cellous bone in the san1e operative field and 

with m in imal morbidity. 

28. How is bone graft harvested from the distal radius? The identification of which structure 
is helpful during graft harvest? 

A 3-cm transverse incision is  made approximately 3 cm proximal to dle radial styloid, extending 
from the s i te of Lister's tubercle dorsally to a point just volar to the first dorsal compartment. A flat 
periosteal surface is  exposed between the first and second extensor compartments; this surface is 
identified by a constant periosteal artery that runs longitudinally in the region. The periosteum is in­
cised longitudinally along this small ,  dispensable artery and elevated to permit removal of a teardrop­
shaped cortical window approximately 2 cm long x 1 .5 cm wide with a narrow, straight osteotome. 
Harvest of the cortical window begins distal ly on the radial tuberosity. Adequate cancel lous bone 
graft is  harvested with an 8-mm curette, and the cortical window is replaced. The c rtical window is 
held securely in place simply by repositioning the overlying periosteum and extensor tendons. 
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29. Can scapholunate (SL)  dissociation be treated with a SL limited wrist arthrodesis? 
Absolutely not. S L  l imited wrist arthrodesis may seem an ideal approach to the management of 

SL dissociation, but there are several important reasons why this is not so. Perhaps the most obvious 
is the difficulty of achieving union by fusion of the relatively smal l articular surfaces of the two bones. 
Cancellous contact areas a.re inadequate; therefore, nonunion rates are predictably high. However, 
there are two other compel l ing reasons to avoid this procedure. The first reason is that any l imited 
wrist artlu·odesis requires sufficient bone to carry the load of the carpus. The banana-shaped SL com­
bination provides inadequate bony volume to carry the loads that this fusion would be required to bear 
and would result in carpal symptoms. The second reason is based on the fact that the scaphoid and 
lunate reside in two different fossae on the same bone. A ridge is typically found between the fossae 
on the radius and is occasionally substant ial .  Fusing the scaphoid to the l unate would remove the 
small but necessary degree of motion between the bones and resu lt  in decreased range of motion 
compared with the SLAC reconstruction and degenerative change of the radiocarpal joint. 

30. Both scaphoid-capitate arthrodesis and triscaphe arthrodesis are used to treat scaphoid 
instability. How do the procedures differ biomechanically? 

Scaphoid-capitate arthrndesis and triscaphe arthrodesis are two distinct operations. The scaphoid­
capitate fusion transmits load directly across the fusion site from the capitate to the scaphoid and then 
to the radius. With triscaphe arthrndesis, the loads are not transmitted primarily through the fusion site. 
In fact, most of the load passes from the capitate across normal cartilage to the scaphoid and again 
across normal cartilage to the radius. Arthrodesis of the triscaphe joint prevents the proximal pole of 
the scaphoid from displacing beneath the capitate under load, but the fusion does not carry the load. 
The nonnaJly small amount of motion between the capitate and scaphoid gradually increases and pro­
vides a significant difference in wrist motion between the two types of limited wrist a1throdesis. 

3 1 .  What are the indications for a radiolunate arthrodesis in nonrheumatoid patients? 
Destruction of the radiolunate joint and ulnar carpal translation are the only indications for radi­

olunate arthrodesis in nomheumatoid patients. Destruction usually results from dye-punch fractures 
involving the spherical lunate Fossa on the distal radius. This type of l imited wrist arthrodesis also 
may be indicated for wrist stabil ization in the management of ulnar translat ion. The procedure re­
qu ires sufficient d istal radius bone graft to e levate the lunate and thereby prevent loss of carpal 
height. Overcorrection of the posi t ion of the lunate on the radius by sl ightly excessive elevation is 
well-tolerated by the wrist and, in fact, preferred; undercorrection of the lunate position with loss of 
carpal height results in decreased wrist motion and wrist instabi l i ty. 

32. What is an absolute contraindication to radiolunate arthrodesis? 
Destruction of the capitate-l unate joint is an absolute contraindication to this procedure because 

wrist motion depends on this midcarpal joint after radiolunate arthrodesis. 

33. How is the wrist managed after intercarpal arthrodesis? 
Our postoperative management is simi lar for most interca..rpal arthrodeses, including triscaphe fu­

sions and S LAC reconstructions. Maximal initial immobil ization is mandatory for these small bone 
fusions. Three to five days after surgery, the bulky intraoperative dressing is removed, and a long-arm 
thumb spica cast is applied (a short-arm cast is used after LT arthrodesis). The proximal carpal row is 
easily immobil ized by casting the forea1111 and arm, but i t  is difficult to maintain adequately the posi­
tion of the distal carpal row. Therefore, the metaphalangeal joints of the index and middle fingers are 
flexed to 80-90° and included in the long-arm cast, whereas the interphalangeal joints are left free. 
The index and middle metacarpals are mortised into the carpals as the "fixed unit" of the hand. Thus, 
their immobil ization tends to maintain the position of the distal carpal row. Because there is relatively 
free motion at the base of the ring and l ittle metacarpals, they are not included in the cast. As with any 
thumb spica cast, the thumb is immobil ized to the tip. We refer to this type of  immobil ization as a 
"Groucho Marx" cast because it is reminiscent of the comedian's classic pose holding a cigar. 

Four weeks after ]jmited wrist a.1throdesis, the long-a.1111 cast and intracuticular sutures a.re removed. 
A short-an11, thumb spica. cast is applied for an additional 2-3 weeks. Only the thumb is included in the 
cast. Six weeks postoperatively, the short-aim cast is removed, and radiographs are obtained. If radi­
ographic evidence of union is seen, the pins are removed and the wrist is mobi l ized. 
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34.  What is the incidence of complications after intercarpal arthrodesis? 
Triscaphe arthrodesis has been an extremely reliable procedure, and compl ications are relatively 

few (approximately J OOO procedures have been performed). Nonunion has been exrremely uncom­
mon with a rate of  1 -3%,  depending on the i ndication for l imi ted wrist arthrodesis .  Infection, 
hematoma, and transient neurapraxias have been rare in our experience. Degenerative change at the 
radioscaphoid joint, consistent with SLAC wrist, occurred in 1 .5% of cases, necessitating subsequent 
S LAC reconstruction. However, radiolunate degenerative change was not observed in any case. 

Compl ications after almost 300 SLAC wrist reconstructions include nonunion in I %  of cases, 
wound infection in I %, and reflex sympathetic dystrophy in l .5%. Dorsal impingement between the 
capitate and rad ius after SLAC reconstruction required rev is ion arthroplasty in 1 3% of patients. 
Inadequate reduction of the DIS! deformity of the lunate at the time of arthrodesi not only leads to 
loss of carpal height but also l imits the available arc of radiolunate motion. During wrist extension 
the capitate approaches the dorsal l ip of the radius, where impingement may occur with associated 
pain. Coaxial al ignment of the lunate with the capitate is  essential for optimal outcome. 

Complications after performing 26 LT l imited wrist arthrodeses using the cancellous biconcave 
technique include reflex sympathetic dystrophy in 1 patient and pin migration, neces itating early 
removal of the Kirschner wires, in 1 patient. There were no nonunions in this series. 
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Page numbers in boldface type inclicare complele chaprers. 

Abdominal wall 
acure loss of. 344 
anatomy of. 3 1  1 -3 1 2. 34 1 -342 
blood supply to. 3 1 0-3 1 1 
runclional role of. 341  
muscles or .  origins and insertions of, 34 1 
reconstruction of. 341-348 

Abdominoplasty, 3 1 0-3 1 5  

l iposuc1ion performed wi1h. 3 1 6  
Abducens nerve. 1 49 
Abduction test, 59 1 
Abscess 

of the breast. 253 
.. 

collar-bulton," 444. 5 1 0  
dorsal hand. 5 1 0  
"horseshoe:· 5 I I 
intracranial.  1 4 1  
orbital. 1 4 1  
o r  the thcnar space. 5 1 0-5 1 1  

Accutane. 320 
Achondroplasia, 88 
Acid burns, 389, 390. 39 1 -392 
Acquired immunodcllciency syndrome ( A I DS) .  See also 

Human immunodeficiency virus ( H IV) i n fection 
patienls 

tattooing as risk factor for. 325 
Acrocephalosyndacryly. See A pen's syndrome 
Acrocephaly, 88 
Acrochordon, 53 
Acrosyndacryly, 549 
Acyclovir. 32 1 
Adducrion test, 59 1 
Adenocarcinoma, of the oral cavity. 2 1 6  
Adenoid cystic carcinoma. 1 1  I 
Aclenoma. plcomorph ic. 2 1 5  
Adnexal carcinoma. 48 
Aero111011a.v hydrophi/a infecrions. 440, 5 1 1 ,  5 1 4  
African-Americans. finger duplica1ions in. 548 
Aging. effect on wound healing. 3, 4 
Airway assessment. of burn patients. 382 
Airway obstruction. 1 30. 1 3 1 .  303 
Alar rims. 304 
Albinism, 46 
Albright syndrome. 98 
Alcohol use. 67-68. 555 
Alkali  burns. 389. 390. 392-393 
Allen's 1es1, 423, 447. 453 
Alloderm. 3 1 7 
Allografts 

for burn injuries. 385, 4 1 4  
definition of, 408 
indications for. 4 1 2  

Alloplastic implants, 23-29 

for facial skeleton augmeniation. 332-334 
for scalp bony defect reconstruction. 228 
speech-enhancing. 332 

Alopecia, burn-relarcd. 405-406 
Alopecia arcara, 329 
Alpha hydroxy acids, 3 2 1  
Alveolar bone. fracrurcs of. 1 3 1 .  1 68 
Alveolar ridge, cancer or, 2 1 7  
Amblyopia. 277 
Amniotic bands, 549 
Amniotic fluid, role in wound con1rac1ion, 35 
Amniotic membrane. use as temporary dressing, 403. 4 1 2  
Amputated parts. reuse of, 357. 522-523 

Amputation 
congenital. 549 
of fros1bi1c-injured rissuc. 397 
or rhe hand. 502. 5 1 2 .  523 
l imb salvage versus. 358-359 
lower-ex1remi1y. 354. 355, 370 

in tibial level injuries. 356-357 
ulceration as precursor to, 359. 365 

transverse. 52 1 
Amyo1rophy. neuralgic. 536 
Anastomosis 

lymph node-venous. 375 
Martin-Gruber. 527 
microlymphaticovcnous, 375 
microvascular. 2 1 7. 433 

Anatomic snuflhox. 448. 599 
Andy Gump defonniry. 2 2 1 
Anemia 

burn wound. 384 
hcmangioma-rclated. 53-54 

Anesthesia. 1 4- 1 9. 46 1 -467 

for augmen1a1ion mammaplasty, 239 
for facial rejuvcnative surgery. 273 
for fingertip surgery. 503 
as postopera1ivc nerve deficit cause. 465 

Angel's kiss. 53 
Angiolibroma. I I I 
Angiography. I 1 3  
Angiosome, 4 1 7  
Ankle. defects or. local coverage for. 353 
Ankylosis. fibroosscous. 1 60 
Anterior ethmoidal nerve. nasal frac1ure-related injury to. 1 44  
Antibacterial agents. use o n  problematic wounds. 33 
Anribiotic prophylaxis 

for al loplastic implan1a1ion parients. 28 
for augmentation mammaplasty patients. 239 
contraindication in burn victims. 383 

Ant icoagulation. See also Leeches 
use in m icrosurgery patients, 432 
use in replantation patients, 5 1 4. 5 1 5-5 1 6  

Anular bands. 549 
Anulus of Zinn. 1 49 
A pen ·s syndrome. 59. 87. 552 

di fferentiated from Crouzon's syndrome. 88 
frontal bone advancement in,  90 
limb anomalies associated with, 97 
orbital hypertelorism associated with. 94 

Aponeurosis surgery. 205 
Aquatic organisms, infections caused by. 5 1 1 .  5 1 4  
Arhinocephaly, 98 
Arnold's nerve. 1 74. 208 
Arterial insurficicncy. 402. 5 1 4  
Arteries. See also specific arteries 

f'lap-perfusing function of', 4 1 4, 4 1 5  
Artcriogram. for brachial plexus injury evalua1ion. 534 
Artcriovenous malformations. neonatal. 52 
Arthritis 

of the carpometacarpal joint, 5 6 1  
as contracture cause. 557 
rros1bi1e-relatcd. 398 
or !he hand. 537-539. 56 1 
joint pro1ec1ion techniques in, 572 
or the wrisl. scaphoid fracture-related. 603 

Anhrodesis. 498 
inrcrcarpal .  6 1 6--624 

as Kienbiick's disease 1rea1mcnt. 607-608 
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Arthrodesis (co111.) 
small joint, 539-542 

of the wrist, 538, 572 

Arthrography, for ulnar-sided wrist pain evaluation, 6 1 4  

Anhrogryposis multiplex congenita. 554 

Arthropathy, inflammatory, imaging of, 461 

Arthroplasty 
excision lunate, 606 

perichondral, 543 

small joint, 542-544 

Articular/nonarticular test, 585, 586-587 

Asian patients 
al loplastic facial  implants in, 332 

blepharoplasty in, 277-278 

double eyelid operation in, 2 8 1 -282 

Aspiration 
during anesthesia induction, 1 6  
facial fracture-related, 1 30, 1 34 

Atresia, intestinal, 343 

Auriculotemporal nerve. 208, 305 

Autografts, 408 

Autoimmune diseases, augmentation mammaplasty-
associared, 240 

Autologen, 3 1 7  

Axil  la, borders of, 252 

Axil lary nerve 
anatomy of, 534 

blocks of. 462, 463, 464-465 

Axil lary masses, 565 

Axonotmesis, 524 

Bacterial infections. See also specific bacterial infections 
relationship 10 chronic lymphedema, 372 

Bal lollement tests, 589 

Bands of B iingner, 525 

Barton's fractures, 595 

Basal cell carcinoma, 47-50, 5 1  

of the ear, 2 1 1  
excision of, anesthesia for, 1 4  

o f  the eyelid, 202 

metastatic potential of, 564 

Basal cell nevus syndrome, 46 

Bathtub deformity, 22 

Baze-Dupre-Christal syndrome, 46 

B e l l 's palsy, 229-230 

Bel l 's phenomenon, 204 

Bennen's fractures, 474 

Bernard operation, 1 89 

Bier blocks. 466 

Binder's syndrome, 98 

B iopsy 
of basal cell carcinoma, 48-49 

of breast lesions, 252 

of hand tumors, 564, 565 

of malignant melanoma, 39, 44 

sentinel lymph node, lymphatic mapping with, 44 

of skull base tumors, 1 1 3 

Birthmarks, vascular. See Vascular malformations 
Bite wounds, 32, 5 1 1 ,  5 1 2  

B lepharochalasis, 276 

Blepharodermatochalasis, 276 

B lepharophimosis, 205 

B lepharopigmenlation, 286, 325, 329 

Blepharoplasty, 276-286 

with rhytidectomy, 296 

B lepharoptosis, 277, 278, 279, 280 

compensated, 277 

Bl indness 
blepharop1osis-rela1ed, 277 

blunt facial  trauma-related, 1 63 

zygoma fracture treatment-related, 1 60 

B lood transfusions, preoperative, 1 6  

I ndex 

Body contouring, 3 1 5-3 17 

Bone fixation, in replantation surgery, 5 1 .:. 

Bone grafts 
alveolar, 79-80 

for infected nonunion tibial fractures. 357-358 

for intercarpal arthrodesis, 622 

for mandibular reconstruction. 222, 22'1 
for nasal reconstruc1ion, 1 97 

for the orbit and maxilla, 1 62 

for osteoplastic reconstruction. 5 1 8  

for scalp bony defect reconstruction, n 
vascularized radial.  608 

Bone resorption, 22. 334 

BoneSource, 26 

Bone transport, 358 

Bone tumors, of the hand, 458--459 

Bonnet-Dechaume syndrome, 55-56 

Boutonniere deformity, 445, 449. 492. 539 

Bowen's disease, 47 

Brachia! plexus, 533-536 

anatomy of, 46 1 ,  533-534 

anesthesia for. 46 1--462 

injuries 10, 497-498, 534-536 

nerve blocks of. 461 -463 

Brachycephaly, 58, 59, 88. 90-9 1 

Brachydactyly, 97 

Brain, growth of, 60. 87 

Branchial arches. 1 72. 229, 305 

Breast 
aesthetically-pleasing. 246 

augmentation of. See Mammaplasty, augmentation 
blood supply 10. 240-24 1 ,  248-249 

development of 
effect of burn scars on. 405 

phases of, 246 

diseases of, 25 1 -254 

innervation of, 24 1 .  249 

normal form and dimensions of. 246 

ptosis of, 247. 330 

mastopexy reversal of. 246-251, 255 

reconstruction of, 22, 254-258 

nipple-areola reconstruction in, 258-262 

in Poland syndrome patients, 553 

tissue expansion in. 20, 22 

reduction of. See Mammaplasty, reduction 
supporting structures of. 246-247 

Breast cancer 
augmentation mammaplasty-associated, 240 

conservation therapy for. 252 

genetic factors in, 25 1 

metastatic, 253 

occult, 244 

relationship to breast reduction, 245 

risk factors for. 25 1 

treatment of, 252-253 

Breastfeeding, 239, 243, 253 

Breast implants. See also Mammaplasty. augmen1:.1tion 
use in  breast reconstruction, 256. 257-258 

encapsulation of, 239, 255 

rupture of, 240. 256 

Breslow's measurements. 564 

Brows. See Eyebrows 
Bupivacaine, 1 8, 463 

Burns 
chemical, 389-395 

depth and size estimation of. 383 

of the ear, 2 1 0  

hypertrophic scarring associated with. 3 

as leg ulcer cause, 359 

muscle relaxant use in, 1 8  

reconstruct ion of, 40 1-406 

of the scalp, 226 



Burns (cont.) 

splinting of, 574 
thermal, 382-385. 390 
zones of, 383 

Burn victims 
nutritional requirements of. 399, 400. 401 
transport of. 382 

Burow·s triangles. 1 86. 1 89 

Calorie-to-nitrogen ratio, for burn patients, 400 
Camptodactyly, 550-55 1 .  557 
Cancer. See a/.,·o specific types of cancer 

as gynecomastia cause. 263 
Candidiasis, 30 1 .  323-324 
Canthal drift, 96 
Cantholysis, lateral. 279 
Canthopexy, tarsal strip, 284 
Canthoplasty, medial. 96 
Canthus. lateral. 20 1 
Capitate bone, 6 1 3  

anatomy of. 6 1 4  
blood supply of, 578 
dislocations of. 597 
fractures of. 598 

Cap technique, for fingertip skin grafts, 503 
Caput ulnae syndrome. 496. 537 
Carcinogenesis, chemical, 46 
Carcinogens, cutaneous. 45-46 
Carotid artery, external 

arterial anaslomosis of. 2 1 7  
branches of, 1 74 

Carotid sheath. contents of. 1 74 

I ndex 

Cerebrospinal nu id. listula of. 1 32 
Cheek 

anesthetic units of. 1 90 
llap reconstruction of. 1 90 
junction with the eyelid, 285 
local naps for. 1 90 
major functional muscles or, 1 88 
retaining ligamenls of. 269 

Cheiloplasty, Bernard-Burow, 1 89 
Chcmcxfoliation. See Chemical peeling 
Chemical injection injuries, 393-395 
Chemical injuries, 389-395 

Chemical peeling. 3 1 8-32 1 ,  327 
Chemotherapy, 253. 394 
Chest wall. reconstruction of, 336-340. 553 
Chest wall naps. anterior, 480 
Chilblain, 395 
Children. See also Neonates 

anesthesia use in. 1 6- 1 7  
blepharoplasty in. 277-278 
burn injuries in. 383. 400, 404. 4 1 4  
cleft l i p  repair in. 1 6- 1 7  
facial fractures i n .  1 35-139 

facial hcmangioma removal in, 54 
frontal sinus fractures in, 1 40 
mandibular fractures in, 1 67 
mandibular reconstruction in. 225 
MObius syndrome in .  235 
nasal fractures in. 1 46 
oral electrical injuries in.  388-389 
otoplasty in. 305, 308 

Carpal bones. See also Capitate bone; Hamate bone: Pisiform 
scaphoid fractures in, 602 
septoplasty in.  1 47 

bone; Triquetrum bone 
dislocations and instabi l i ty of. 597. 609-6 1 3  

fractures of, 598-603 

movement of, 580. 583 
Carpal boss, 59 1 
Carpal height ratio, 584 
Carpal instability, 596 
Carpal tunnel 

anatomy or, 447 
nexor lenclon arrangement in.  450 
release of, 330, 53 1 .  533. 565 

Carpal tunnel syndrome. 528, 529. 574 
Carpenter's syndrome. 88, 97 
Carpometacarpal joint 

anatomy of, 582 
arthritis of, 56 1 
dislocations of, 477 
l igaments of. 5 8 1  
of t h e  litt le finger. 475 
mobility of, 446 
physical examination of. 590-591  

Carpus. See Carpal bones 
Cartilage 

conchal, excision of. 307 
costal, embryological formation of, 336 
lateral. 302, 304 

Cartilage grafts. 1 97- 1 98,  209, 303 
Catgut. as suture material. 7. 25 
Causalgia, 567 
Cel lu l i te, 3 1 5 . 3 1 7  
Cellulitis. 342. 359 
Cement, as burn injury cause, 393 
Centric occlusion. 1 1 8. 1 27 
Centric relation, 1 1 8 .  1 27 
Cephalocele, 95 
Cephalometric plane. 84 
Cephalometrics, 82-86. I 1 9  
Cephalostats, 82 
Cerebral palsy, tendon transfers in.  495-496 

small joint artl1rodesis in, 54 1 
syndactyly repair in. 545-547 

Chin 
alloplastic implants in. 333, 334 
contouring procedures for, 297 
deformities of. 1 2 1  

Choke vessels. 4 1 7  
Cholesteatoma. I I 1 
Chondritis, post-otoplasty, 309 
Chondrosarcoma. of skull base. I I I 
Chromonychia. 500 
Chronic pain syndromes, 566-567 
Cime1idine. as gynecomastia cause, 263 
Clark's levels, 564 
Claw hand deformity, 404, 494, 562-563. 573 
Clert l ip,  60-66 

bilateral. 63-65 
passive prosthetics for, 73-74 
presurgical orthopedic correction of. 74. 75. 76-77 

cleft palate-associated, 67 
incidence of. I 0 I 
orbital hypertelorism associated with, 94 
surgical repair of, 1 6- 1 7, 80-8 1 

in urero. 36 
uni lateral, 6 1 -63. 73-74 

C left l ip nose. 63 
C left palate. 66-72 

bilateral 
passive prosthetics for, 73-74 
presurgical orthopedic correction of. 74. 75, 76-77 

classification of, 67 
clcrt l ip-associated. 67 
incidence of. I 0 I 
orbital hypertelorism associated with. 94 
Pierre Robin anomaly-related, 98 
surgical repair of. 68-72. 80-8 1 
unilateral. 73-74 
untreated. 70, 80 

Clenched fist deformity. 496 

627 
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Clinodactyly, 550 
Clivus 

transfrontal nasal exposure or. I 1 3- 1  1 4  
t umors or. 1 1 3- 1 1 6  

Closrridium. as gas gangrene cause, 342 
"Cloverleaf skul l ," 88 
Clubbing. of the nail plate. 500 
Cobb syndrome, 53 
Cold injury. 395-396. See also Frostbite 
Cold intolerance, fingertip injury-related, 503 
Collagen 

in Dupuytrcn's disease, 557 
injeciable, 25 
in wound healing. 2 ,  4, 34 

Collateral l igaments, 476 
Coloboma, I 03, I 04 
Columella, retracted, 304 
Comatose patients, orbital content enu·apment diagnosis in, 1 5 1  
Compartment syndromes, 356, 388, 402 
Complex reg ional pain syndromes, 567, 568 
Compression garments, 404, 405 
Computed tomography (CT) 

for abdom inal wal l  defect evaluation, 343 
for carpal trauma evaluation, 597 
for frontal sinus fracture evaluation. 1 40- 1 4 1  
for lower-limb lymphedema evaluation, 373-374 
for orbital fracture evaluation, 1 50 
for skull  base tumor evaluation, I 1 2  
for zygomatic and mandibular fracture evaluation, 1 34, 1 57 

Computer imaging, 272 
Condylar head, subluxation of, anterior lo the glenoid fossa, 

1 3 3  
Condylar resorption, progressive, 1 23 
Condyle 

fractures of, 1 68- 1 69, 1 70 
in children, 1 38 

as mandibular growth center, 1 38 
Congenital anomalies, 545-554. See also specific congenital 

anomalies 
Congestive heart failure, 53-54 
Constriction ring syndrome, 549, 554 
Contractures 

axil lary. 405 
burn-related, 40 I .  403, 404-405 
elbow flex ion, cerebral palsy-related, 496 
of the fingers. 557 
of the interosseous muscles, 454 
postoperative, 558 
or skin grafts, 41 I 
thenar flap-related, 502 
thumb-index, 546 

Cooper"s ligaments. 246, 247 
Cornea. abrasions lo, 206-207 
Coronal l i fts, 283 
Coronocanthopexy, 277 
Coronoidectomy, 1 60 
Coronoplasty, 296 
Corrugator muscles 

association with glabellar frown lines, 330 
resection of, 284 

Corticosteroids, as hemangioma treatment. 54 
Cranial bones, formation of, 86 
Cranial capacity, 87 
Cranial Fossa 

anterior, I I 0 
nonrecognized fractures of, instrumentation of, 1 34 
relationship to the orbit, 1 48 
tumors or, 1 1 3-1 1 4  

fractures of, 1 32 - 1 3 3  
Cranial nerves 

foramina of, 1 74 
relationship to the facial nerve, 229 

Craniectomy, strip, 90, 330 
Craniofacial ;rnomalies, congenit'-11, scarless fetal wound 

healing in,  36 
Craniofacial clefts. 1 00-107. See also Cleft lip; Cleft palate 

classification of. 99 
reconstruction of, 1 06-107 

Craniofacial patients, preoperative evaluation of, 59-60 
Craniofacial surgery 

complications of. 60 
plate-and-screw fixation sets for, 25 
principles or, 58-60 
rigid bony fixation in, 24 

Craniofacial syndromes, 96-99 

Craniosynostosis, 58. 8(1--93 

classification of, 58-59 
surgical correction of. 58-60. 90-93 

'"Creep."' 2 1  
Cribri f"orm plate 

level of. 94 
transverse widening of, 1 06 

Cribriform tumors, 1 1 3 
Cri1ical ischemia time. 4 1 7  
Crossbite. 1 26 
Croton oil ,  3 1 8  
Crouzon's syndrome, 59. 87 

differentiated from Apert's syndrome. 88, 97 
frontal bone advancement in, 90 
learning deficiency associated wilh. 97-98 
orbital hypenelorism associated with, 94 

Crow's feet, 270 
Crown-rump length, I 00 
Cryotherapy, for basal cell carcinoma, 49 
Cryptorchidisrn, 377 
Cubital tunnel syndrome, 528. 532 
Cupid's bow, I O I .  1 02- 1 03. 1 04, 2 1 1  
Curettage, of basal cell carcinoma, 48. 4 
Curis aplasia congcnira, 553 
Cutis laxa, 273 
Cyanoacrylate, 27-28 
Cyanosis, jaw fracture-related, 1 3 1  
Cyst 

branchial, 1 72 
dermoid, 94. 1 05 .  JOS. 2 1 5  
inclusion, 557, 564 
magnetic resonance imaging of, 563-564 
mucous, 500 
of the thyroglossal duct, 1 72- 1 73 

Dacryocystorhinostomy, 206 
Danazol, as gynecomastia lreatment, 264 
DCIS (ductal carcinoma in situ). 25 1 
Debridement 

of abdominal wounds. 1 8  
o f  contaminated wounds, 32 
of decubirus ulcers, 5 
of facial lacerations, 1 33- 1 34 
of fracture-associated 'vounds. 3 1  
o f  pressure sores, 369. 370 
serial, after sternal wound dehiscence. 337 
or traumatic wounds, 30-3 1 

Debridement agents, enzymatic. 5 
Deformations, 96--97, 547 
Degloving injuries. 379, 522 
Delayed hypersensitivity reac1ions. to tauoos. 325 
Dental analysis, as cephalometric analysis component. 84 
Dental decay, 1 28 
Dental malocclusion, Angle classification system for, 1 1 8, 

1 24, 1 66 
Dental rehabilitation, of mandibular reconstruction patients, 

225 
Dentition, 123-128 

adolescent, 79 
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Dentition (cont.) 
anatomy or, 1 24-- 1 25 
identification of. 1 2 3- 1 24 
innervation of. 1 25 
in mandibular fractures. 1 66-- 1 67. 1 68. 1 69 
mixed, 79, 1 66- 1 67 
primary, 77 
traumatic injuries to. 1 27 

Dermabrasion. 32 1 .  325, 326--327 
Dermal-fat grnl"ts. nasolabial. 289 
Dermal ovcrgraft ing. 4 1 2  
Dennaplaning. 327 
Dermatocelc, I 05 
Dermatochalasis. 276 
Dermatome. 41 0 
Dermis, cellular and fibrous componcnls of, 409 
Dermo ids. 94, I 05. I 08. 2 1 5  
Desiccation, o f  basal cell carcinoma. 49 
Dexon. as suture material. 7 
Diabetic patients 

arterial system or. 364-365 
Dupuytren's d isease in. 554 
foot ulcers in, 4. 355. 363-365 
hand infections in. 5 1 2  
wound healing in.  3 

Diazepam, as gynecomastia cause. 263 
Digastric muscle. innervation of. 229 
Digastric muscle lransfers. 236 
DiGeorge syndrome. 67 
Digital nerve blocks. 466 
Digital rays, 545 
Digoxin, as gynecomastia cause. 263 
Diplopia, 1 52,  1 6 3  
D I S !  (dorsal intercalated segmental instabi l i ty )  deformity. 6 1 1  
Disruptions, 547 
D isseminated inlravascular coagulopathy. 55 
Distal inlerphalangeal joint 

dislocations of. 476 
in  fingernail injuries. 502 
llexion of. 454 
rusion or, 540 

Distal radioul nar joint. 585. 589 
Diuretics, as lymphcdcma LrcatmcnL, 375 
"Dog cars," 9- 1 0. 20. 244-245 
Dorsal capsular ligaments, or the wrisL. 583 
Dorsal intercalated segmental instability ( D I S ! )  deformity. 6 1 1 
Dorsal mutilation injuries, 520-5 2 1  
Dorsal wrist syndrome 1cs1. 585. 586 
Down syndrome. 98 
Doxorubicin.  toxicity of. 394 
Drainage/drains 

or felons, 507 
of hcrpetic whit lows. 508 
use in reduction mammaplasty. 243 

Drawer test, anteroposterior. 590 
Dressings 

biologic, 385, 403, 406. 41 I 
for burn injuries. 385. 403. 406 
occlusive. 5 
postoperative 

ror laser therapy patients. 324 
for otoplasty patients. 309-3 1 0  

for skin graft donor sites. 4 1 1-4 1 2  
effect o n  wound healing. 4 

Drugs. See also specific drugs 
as gynecomastia cause. 263 
as leg ulcer cause. 360 

Dry eye syndrome. postoperntive. 202 
Ductal carcinoma in si tu.  25 1 
Duplex scanning. for venous hypertension diagnosis. 361 
Duplications, 547-554 
Dupuytrcn's disease. 554--559, 574 

Dura. role in suture patency, 86 
Dysgencsis. gonadal. 378 
Dysplasia. internasal. 1 0 1 - 1 02 
Dystopia. enophtha\mos d i ffcrcmiatcd rrom ocular. 1 33 

Eagle- Barrett syndrome. 343 
Ear 

amputated or avulsed. 208. 2 1 0  
blood supply of. 306 
burns of. 2 1 0 
cancer of. 208. 2 1  I 
embryonic origins or. 305 
external 

aging. aesthetic rejuvenation of. 27 1 
cancer of. 208 
landmarks of. 207-208 
regional nerve block of, 1 5  

innervation of. 305-306 
lobule prominence or. 308 
middle. 209. 229 
normal size. position. protrusion, and axis of. 207. 306 
prominent. 305. 306 

nonoperative treatment for, 309 
reconstruction of. 207-21 I. 333 
rcplantation of. 5 1 5  
"telephone" deformity of. 308 

Ecchymosis, mandible fracture-related. 1 69 
Ectopic pans surgery. 522-523 
Ectropion. 205 

burn injury-related. 405 
lower l id.  204. 236 
post-blcpharoplasty. 280 
subciliary incision-related, 1 54 

Edema 
measurement of. 575 
reduction or. 575 
venous. 372. 373-374 
as wound healing impairn-1ent cause. 4 

Edematous t issue. streptococcal infections of. 30 
Ehlcrs-Danlos syndrome, 2-3. 273 
Elbow, extension reconstruction of, 497 
Electrical injuries. 386-389 

Electrocautery. l ight. for talloo removal. 327 
Electrocoagulation. 329 
Electrodiagnostic testing. for nerve compression evaluation. 

53 1 ,  532-533 
Elcctrogustometry test. 232 
Electrolysis. 320 
El lenbogen·s criteria. for ideal eyebrow position and contour, 

274 
Embolism. fat. l ipectomy-associatccl. 1 5 - 1 6  
Embolization. a s  aneriovcnous malformation treatment. 56 
Encephalocelc. 88. I 05. I 06 
Enchondroma. 458. 459. 565 
Endoscopic procedures, 329-331 

comparison with traditional surgical approaches. 33 1 
for forehead and eyebrow l ifts. 275. 276. 284 
for nerve decompression. 533 
for rhytidcctom ics. 293-294 

Enophthalmos. 96. 1 52.  1 57.  1 63 
Enteral nu1rition. for burn patients. 40 1 
Enteromesentcric bridge. 375 
Entropion, 205-206 
Epiblcpharon. 205 
Epicanthoplasty. medial. 282. 283 
Epicanthus. 205 
Epicondylit is.  lateral. 530. 532 
Epidermodysplasia verruciform is. 46. 564 
Epidermolysis. 1 8 8  
Epigastric arteries. inferior. 342, 423 
Epinephrine. use in pediatric patients. 1 7  
Epiphoria. persistcnL 1 44 
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Epistaxis, 1 30, 1 4 1 ,  1 44 
Erection, artificial, 377 
Erythema, laser therapy-rela1ed, 323-324 
Erythroplakia, 2 1 5  
Erythroplasia o f  Queyrat, 47 
Escharotomy, 40 I, 402 
Esthesioneuroblastoma, 1 1  I 
Estrogens, as gynccomas1ia cause, 263 
Excision 

of burn wounds. 384, 40 1-402, 403 
ell iptical.  9- 1 0  
o f  lymphedematous tissues, 375 
of postauricular skin. during otoplasty, 3 1 0  
serial, 8 
of skin lesions, 8 
of 1a11oos. 326 

Expanded skin. See Tissue expansion 
Expression, differen1iated from pene1rance, 97 
Exstrophy/epispadias complex, 377-378 
Extensor carpi ulnaris tendon, ulnar deviator function of, 447 
Extensor digiti minimi tendon, relationship to communis 

tendons. 49 1 
Extensor indicis proprius tendon, relationship to communis 

lendons, 49 1 
Exlensor poll icis longus 1endon 

functional testing of, 446 
physical examination of, 453 
in 1endon transfers. 496-497 

Extensor tendons 
injuries to, 490-492 

rehabili1a1ion of, 5 7 1  
rupture of. 5 3 7 ,  5 3 8  

External lixaiion 1echniques, for small joinl anhrodesis, 54 1 
Extracel lular matrix. 34-35, 409 
Extraocular muscles, functions of, 149 
Extremities. See also Lower extremity; Upper extremity 

burn wounds of, 384 
enlarged. differential diagnosis of, 372-373 

Extrinsic extensor tendons, insertions of, 448 
Ex1rinsic Jlexor lendons, smalles1, 449 
Eye 

fronlal sinus frac1ure-re/a1ed injuries 10, 1 40 
reconstruc1ion of. paralyzed sphincler in, 236 

Eyebrow 
ideal posi1ion and con1our of, 270, 274 
p1osis of, 270 
suprareconstruclion of, 1 88 
suspension of, 205 

Eyebrow l i fts, 274-276 

Eyelids 
aeslhelic rejuvena1ion of, 270, 2 7 1  
Asian di fferen1ia1ed from Occidental, 206 
con1rala1eral, as skin graft harvest site, 204 
junction wilh cheek skin, 285 
liner tauoos on, 286, 325, 329 
lower 

nerve blocks for, 1 4  
reconstruc1ion of, 203-204 
skin excision of. 284-285 
skin reseclion of, 280 

malignant tumors of. 202 
opening and closure mechanism of, 278 
peripheral arlerial arcade of. 283 
p1osis of. 277. 278, 279 

blepharoplasty trca1men1 for, 276-286, 296 
pos1opera1ive, 280 

reconstruction of, 200-207 

upper 
anatomy or, 278 
hemangioma of, 54 
poslerior, lamella of, 200 
reconstruction of, 202-203 

Face. See also Head and neck 
aging 

aesthetic rejuvenative surgery for, 269-273 
evaluation of, 268-273 

augmen1a1 ion of, 26, 332-334 

embryologic development of. I 00 
grow1h of, in oral cleft patien1s, 80-8 1 
i njuries to, 130-135 

fractures, l35-139 

lacerations, 1 33- 1 34 
l ife-threa1ening, 1 30, 1 34 
as vision loss cause, 1 63 

profile of, 1 20, 304 
reanimation of, 232-236. 435, 436 
reconstruction of, s i l icone use in, 27 
re1aining l igamenls of, 287-288 

Face l i ft .  See Rhy1idec1omy 
"Face predicls the brain" rela1ionship, of forebrain and 

craniofacial malformations. I 06 
Facial bones, bony struc1ural supports of, in children, 1 37 
Facial clefls. See also Clef! lip: Clef I palate 

surgical treatment of. 58 
"Facial danger nerves," 230-23 1 
Facial muscles, innervation of. 230 
Facial nerve 

face-lifl-rclated injuries to, 300 
in forehead l ifls, 33 1 
intratemporal lesion of. 232 
localizalion of, 1 73 
in parotid gland cancer surgery. 1 83 
reconstruclion of, 232-234 
rela1ionship to other cranial  nerves. 229 
severance of, 1 73 
surgical anatomy of, 1 73, 228-23 1 

Facial nerve palsy 
blunl craniofacial injuries-related, 1 33 
craniofacial microsomia-related. I 08 
facial reanimation in, 232-236 

effec1 on nasolabial fold appearance, 289 
Faciocraniosynostosis. 59 
Fasanella-Serva1 opera1 ion. 205 
Fascia 

dorsal thoracic, 424 
in Dupuy1ren's disease, 555-558 
pal mar, 444 
superficial facial .  relationship with mimetic muscles. 287 
lcmporoparietal. 230, 333 

Fascia I spaces, of 1he hand. 509-5 1 0  
Fasciitis, necrotizing, 344. 5 1 2  
Fascio1orny, 388 
Fasting. by surgical patients, 1 5  
Fat 

disiribution of, 3 1 5  
inlraconal differen1ia1ed from extraconal, 1 49- 1 50 
orbital, relalionship to preaponeurolic fat, 278 
preaponeuro1ic, as blcpharoplas1y landmark, 278 
of upper eyelid, color of. 286 

Fat injection, into the nasolabial crease, 2 9 
Fat transplantation. autologous, 3 I 7 
FDFG (free dennal-fat graft), 4 1 3  
Felons. 444, 507 
Femoral artery, lateral circumplex, 430 
Femoral cutaneous nerve. compression f. 529 
Fetal alcohol syndrome, 67 

Fibrin glue, 4 1 3, 527 
Fibroadenoma, of 1he breasl, 253 
Fibroblast growth fac1or, in fetal wound healing. 35-36 
Fibrocystic d isorder, 253 
Fibroma, or the oral cavily. 2 1 5  
Fibroosseous tunnel, pul leys in, 449 
Fibula, as mandibular bone grafl donor site, 224 
Fibular tunnel syndrome. 528 
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Fine-needle aspirarion 
of palpable breast masses, 252 

of salivary gland masses, 1 82- 1 83 

of thyroid nodules, 1 83 

Finger extension test. 585. 586 

Fingernails. See ails 
Fingers. See also Phalanges; Thumb 

index, use in thumb reconstruction, 5 1 6, 5 1 7  

lumbrical-plus, 502 

rep Ian tat ion of, 5 1 3-5 14,  5 I 5 

roiational deformities of, 453-454 

Fingertip injuries, 501-506 

Finkelstein 's sign, 455, 530, 5 9 1  

Finochictto-Bunnell test, 454 

Fistula 
abdominal, 343 

arteriovenous, 98 

ccrebrospinal fluid, 1 32 

postalvcolar cleft palate, 77 

Flaps. See also Skin grafts 
Abbe. 1 89, 2 1 4. 4 1 6  

for abdominal wall reconstruction, 344-345. 346. 347. 480 

anterior chest wall .  480 

axial, 4 1 5 .  478. 504 

bilateral rotational, 1 88 

bilobed, 9, 1 95 

blood supply for, 4 1 4, 4 1 5  

buried dermal, 374 

cervical rotation <idvancement, 2 1 6-2 1 7  

cervicopectoral, 1 90 

for chest wall reconstruction, 337-339 

Chinese, 423 

classification of, 4 1 5-4 1 6  

converging Lriangular, 1 0  

Convcrsc's scalping, 1 97 

cross-finger, 4 1 6, 505 

cross-leg, 355 

Cutler-Beard. 204 

delay phenomenon of, 4 1 7  

delay procedure for, 4 1 7  

deltopectoral, 1 9 1 - 1 92 

distant, 49. 345. 479 

Dufourmental .  1 2- 1 3 .  1 87 

endoscopic harvesting of. 330 

epigastric, 480 

Estlander, 1 89. 2 1 4  

fasciocutaneous. 2 1 6. 353, 4 1 9-426, 434. 479, 482 

fibular osteocutaneous. 223 

fillet, 480 

for fingertip reconstruction, 502, 504-506 

first web, 483 

nag, 505 

forehead, 1 95, 1 96. 1 97. 2 1 9. 275. 4 1 6  

forked. 64 

free 
an1erolateral thigh. 437 

bone, 438 

for burn scar revision. 406 

composite. 435. 482 
cutaneous lateral arm, 437 

donor sites for. 435. 435-439 

emergency, 522 
expanded. in scalp reconstruction. 228 

failure of. 4 1 8  

fascial, 438 

fasciocutaneous, 2 1 6-2 1 7  

groin, 437 

iliac bone crest. 438 
for scalp reconstruction, 227. 228 

sensate, 483 

sequential, 225 

Gil lies, 1 24 

Flaps (cont.) 

gluteal thigh, 370 

gluteus maximus/musculocutaneous, 369 

gluteus maximus/myocutaneous, 350-35 1 

gracilis.  369. 436 

great toe wrap-around, 483 

groin. 4 1 6. 423. 437, 479-480 

for hand reconstruction, 478-483 

iliac osteocutaneous, 223 

interpolation. 9 

island, 504 

neurovascular. 503 

palatal. 2 1 6  

jejunum free. 220 
Karapandzic, 2 1 4. 2 1 5  

kite, 506 

lateral arm, 220 
latissimus dorsi. 2 1 9, 227, 348-350 

Limberg, 4 1 6  

lingual. 2 1 6. 2 1 8-2 1 9  

Linton, 362 

for lip reconstruction, 2 1 3, 2 1 4-2 1 5  

Littler, 505 

local 
for abdominal wall wounds, 344-345 

for nasal reconstruction, 1 95- 1 96, 1 97 

for the head and neck, 1 85-193 

for lower extremity coverage, 357, 358 

lumbosacral back. 369-370 

for mandibular reconstruction. 222-223, 225 

McGregor, 2 1 4, 2 1 5  

medial forearm, 437 

Moberg volar advancement, 504 

movement or. 4 1 5-4 1 6  

muscle. 426-428 

comparison with fascia flaps, 425 

musculocutaneous. 49. 220, 336-337. 426-43 1 

limitations of, 2 1 9  

"mutton chop:· 346 

myocutancous, di fferentiated from muscu\ocutaneous 
flaps. 428 

nasolabial. 1 95. 1 96. 2 1 8  

neurovascular island, 503 

for nipple reconsLruction. 259. 260. 2 6 1  

omental. 2 2 7 ,  339. 347. 374-375 

for oral reconstruction, 2 1 6-220 

osseous, 434 

pala1al, 2 1 6, 2 1 9  

parnmedian forehead, l 97 

pectoralis major, 2 1 9, 337-338 

pectoralis minor, 437 

pcctoralis myocutaneous, 1 92 

pcdicle, 1 96. 504 

failure of. 4 1 8  

periosteal. 227 

pharyngeal. 80--8 I 
platysma. 2 1 8  

posterior auricular. 2 1 8  

principles of, 4 1 4-4 1 9  

radial forearm, 2 1 9, 222-223, 227. 4 1 6. 480-482 

random, 4 1 5 .  478. 504 

rectus abdominis, 338, 353 

rectus femoris, 346 

retrograde. 478 

rhomboid. 1 2, 1 86- 1 87 

rotation. 9 

Rubens. 257 

for scalp reconsLruction, 227. 228 

scapular ostcocutaneous, 223 

scapular/parascapular, 350 

sensate cutaneous. 437 

septal intranasal l ining, 1 98, 1 99 

63 1 
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Flaps (com.) 
skate, 259. 260. 26 1 

in skull base recons1ruc1ion. 1 1 6-- 1 1 7  

spli1-1hickness, 49 

sternocleidomastoid musculocutancous. 2 1 9  

s1ernocleido111as1oid myocutaneous, 1 92 

1arsoconjunc1ival, 203-204 

lemporal fascia!, 2 1 8  

lemporalis muscle. 2 1 6, 2 1 8  

1cmporoparie1al, 209. 2 1 0, 435, 482 

lensor fascia laia, 370 

1henar. 502. 506 

!high, 370 

transposition. 9 

transverse myocutancous. 1 92 

transverse rec1us abdominis myocutaneous (TRAM). 22. 
255. 256--257, 347. 4 1 6, 4 1 7. 4 1 8, 428. 434. 553 

Lrapezius muscle/myoculaneous, 220, 35 1 -352 

viabili1y of, 4 1 8  

vomer. 7 1  

V-Y advancemenl, 1 1 - 1 2, 2 1 3, 2 1 4. 504, 505 

Fleur-de-lis abdominoplas1y, 3 1 3  

Flexor digi1orum profundus iendon 
avulsion injury repair in, 488 

orienlalion of, 484 

physical examinalion of, 452 

Flexor digitorum superficial is tendon 
orien1a1ion of. 484 

physical exa111ina1ion of, 452--453 

rctraclion into palm. 488 

Flex or tendons. See also speci fie tlexor tendons 
arrangement in the carpal tunnel, 450 

injuries 10. 484--490 

rehabi l i 1a1ion of, 570-5 7 1  

rheumaioid anhri1is-rela1ed ruplure of, 537 

Flexor lendon shealh, 484--485, 

repair of. 487. 489 

Foo1 
diabe1ic, 4, 355, 363-366 

inl'ec1ions of, 366 

ischemic, 363 

neuropa1hic. 354, 355. 363. 364 

plantar. coverage for. 354 

sensory nerve evaluation in, 356 

wound coverage for. 353 

Foramina 
of 1he cranial base, 1 1 0- 1  I I 

of 1he cranial nerves, 1 74 

incisive, 66 

Forceps, for displaced nasal frac1ure reduclion. 1 35 

Forefool, plan1ar ulcers of, 365 

Forehead. 1 87- 1 8 8  

aes1he1ic uni1s of, 1 88 

:.mimation or, muscles involved in. 330-33 1 

arterial and nerve supply of'. 274 

cuianeous pliability of, 1 87 

local anesthesia for. 1 87 

transverse lines of. 274 
Forehead l i fts. 274-276 

endoscopic. 284. 3 3 1  

midforehead. 275 

Fractures 
Bennett's. 474 

boxer's. 472 

chauffeur's. 595, 6 1 0  

Colics'. 594-595 

comminutcd. 470 

epiphyseal. Saller-Harris classification of, 468 

facial, 1 30- 1 33, 1 34 

pediatric, 1 35-139 

frontoorbi tonasoet hmoidal , 58 

hamale. 592. 598, 6 1 4  

I ndex 

Frac1urcs (com.) 
Le Fon, 58 

comparison wi1h palate and alveolar fractures, 1 3 1  

clifferen1iated from Le Fon os1eo1omy, 1 6 1 

grccnst ick, 1 3 2  

hemorrhage from. 1 30 

Le Fon I, 1 60, 1 6 1  

Le Fon I I ,  1 32, 1 60 

Le Fon 1 1 1, 1 32, 1 60. 1 62 

mandibular, 1.64- 1 70 

maxi llary, 1 37, 160-1 64. See oho Fraclllr<!s, Le Fon 
displaced, 1 37, 1 38 

metacarpal, 467--475 

nasoorbiial-ethmoidal, 1 40. 1 54- 1 55,  206 

of 1he nose, 1 35. 1 36. 1 43-147 

open, 475 

open 1ibial, 3 1  

orbi1al. 1 47-156 

orbi1al floor blowoul. 26, 1 5 1  

phalangeal, 467--475 

radial styloid, 6 1 0  

Rolando's, 457, 474--475 

with segmental bone IOS!'.i, 475 

of teeth, 1 27 

zygomatic, 1 30-1 3 1 .  1 34. 1 36. 156-160 

Frankfon horizontal plane, 1 1 9 

Freckling. as malignant melanoma risk factor. 38 

Free dermal-fat grafts. 4 1 3  

Freeman-Sheldon syndrome. 553 

Free tissue transfers 
for chest wall reconsLruction. 337 

for distal lower extremity coverage. 3 -4 

functional. 482 

for hand coverage. 480 

microvascular. 43 1 --435 

for sickle cell ulcers, 366--367 

in thumb recons1ruc1ion, 503. 5 1 6. 5 1 8 .  554 

for venous leg ulcers. 363 

Fron1al bone. frac1ures of. in children. 1 36 

Frontal bone advancement, 90. 9 1 .  92 

Frontalis muscle 
resec1ion of'. 283 
as wrinkle line site. 8 

Frontal nerve, anatomy of. 274 

Frontal sinus 
anatomic boundaries of', 1 4 1  

developmenl ol', 140 

frac1ures of, 139-1-13 

post-fronlocranial remodeling growth of. 60 

Frontoorbital remodeling, in craniosynosto is. 60 

Frostbi1e, 360, 395-398 

Frown lines. See Glabellar frown l ines 

Gagging, Passavant's ridge formation during. 69 

Gait disturbances, 5 1 8  

Gamekeeper's thumb, 477 

Ganglion, 557. 563 

Gangrene, 359 

cu tis aplasia congcnita-rela1ed, 553 

frostbite-related. 397 

gas, 342, 5 1 2  

Gastrocnemius muscle. 430 

lateral, harvesting of, 437 

Gastroschisis. 342. 343 

Gender assignment. 378 

Genetic engineering. 65 

Genioplasty1 1 22 

Genitalia 
ambiguous, 378 

reconstruc1ion of. 376--380 

thermal injuries to, 385 

Gibson's principle. 307 



Gil lies approach. to the zygoma. I 59 

Gingivoperiostcoplasty. 63. 64. 65 

Glabcllar frown lines. 268. 274. 330 

Glial tumors. 94 

Globe 
orbital fat as support for. I 49- 1 50 

retrobulbar hemorrhage-related pressure on. 279 

traumatic injury 10. 1 30 
Glomus tumors. 500. 565 

Glossitis, median rhomboid, 2 1 5  

Glossopharyngeal nerve. 305-306 

Gluteus maximus muscle 
blood supply of. 369 

use as flaps. 350-35 I .  369 

Glycolic acids. 32 I 

Glycosaminoglycans. 35 

Goldcnhar syndrome. I 05. I 08. 209 

Golrers 

hamatc hook fractures in. 602-603 

ulnar wrist pain in.  6 1 4  

Gore-Tex, 345 

Gout, 459 

Graci l is free muscle transfer. 233 

Grafts. See also Bone grafts: Skin grafts 
cadaver. 403 

cartilage. 1 97- 1 98. 209. 303 

m icrosurgical lymphatic. 375 

onlay. 303 

porcine, 403 

Granuloma 
pyogenic, 50 I 

"swimming pool." 5 1 1  
tuberculous. 2 1 5  

Grease. removal from injured body parts. 39 I 

Great auricular nerve 

injuries to. I 73 . 299-300 

in oropharyngcal carcinoma. 208 

"Great nerves travel together." 229 

Grind test, 59 I 

Gump. Andy, 22 I 

Guyon 's canal. boundaries of. 44 7 

Guyon 's canal syndrome. 528 

Gynecomastia. 262-266 

endoscopic treatment for. 330 

ultrasound-assisted l i posuction treatment for. 3 1 6  

Hagedorn-Le Mesuricr method. o f  cleft I i p  repair, 6 I 

Haines-Zancol l i  test. 454 

Hair. tattoos as cosmetic mimics of. 329 

Hair-bearing skin. in lip reconstruction. 1 89 

Hair collar sign, 5.J.-55 

Hair fol l icles. effect on skin grafts. 408 

Hair removal procedures. 320 

Hamate bone, 6 I 3 

anatomy of, 6 1 4  

articulation with the lunate bone. 583 

blood supply of. 578 
fractures or, 598 

Hamate hook, fractures of. 592. 6 I 4 

Hanel. See also Fingers 
anatomy or. 444-450 

arthrodesis or, 539-542 

burn injuries to. 404 

cleft, 554 

congenital anomalies of. 5 1 6  

duplications. 547-554 

syndactyly, 545-547 

syndromes associJted with, 88 

fractures of, 467-475 

functional sensi bil i ty of. 45 1 

infections of. 444. 506-5 1 2  

innervation of. 446. 527 

I ndex 

Hand (cont.) 
ipsilateral deform ities or. 339 

metacarpal. 522 

mutilated. 5 1 9-523 

nerve function testing of. 527 

neurosensory functions of. 482-483 

physical examination of, 45 1-456 

radiologic examination or, 456-46 1 

rehabi litation or. 570-576 

replantation of, 5 I 3-5 14.  52 I 
rheumatoid arthritis of. 537-539 

small joint arthrodcsis in, 539-542 

small joint arthroplasty in. 542-544 

soft tissue coverage for. 47S-484 

1umors of. 562-566 

vascular anastomotic connections of. 447 

Hand surgery 
plate-and-screw fixation sets for. 25 

in  sickle cell disease patients. I 6 

Harlequin deformity. 89 

Head and neck. See ai.1-o Face: Neck 
embryology and anatomy of. 1 72-175 

local flaps of. 185-193 

reconstruction or. 1 90- 1 92 

633 

Head and neck cancer. 2 I I .  1 75-184. See also Oral cancer 
Height. as malignant melanoma risk l'actor. 38 

Hemangiocnclothelioma. kaposiform. 53 

Hemangioma. 52-54 

differentiated from vascular malformations. 52. 55 1 -552 

or the oral cavity. 2 I 5 

as tissue expansion contraindication, 22 

l- lemangiopericy1oma. I I I 
Hematologic disease. as leg ulcer cause. 360 

Hematoma 
abdominoplasty-rclated. 3 1 4  
al loplastic facial implant-related. 334 

cranial fossa fracture-related, 1 32- 1 33 

ear reconstruct ion-related. 2 1 0  

race-lift st1rgcry-rclatecl. 297-29 

gynecomastia surgery-related. 264 

retrobulbar. 206 

septa I .  I 45. I 46 

subungual .  500. 564-565 

1-lemoglobinuria. electrical injury-related. 388 

Hemorrhage 
max i l lofacial injury-related, I 30 

retrobulbar. 279 

Hepatitis. 325 

Hepatomegaly. 53-54 

Hermaphroditism. 378 

Hernia 

abdominal wall  rcpair-relatccl, 344 

incisional. 344 

inguinal. 377 

parastomal. 344 

transverse rectus abdom inis muscle !lap-related. 347 

Herniorrhaphy. 2 
Hinclf'oot, plantar ulcers ol'. 365 

Hislamine triple response. 535 

Histiocytoma. malignant fibrous. 564 

Holdaway rn1io. 85 

Holoprosenccphaly. 98. 1 06 

Holt-Oram syndrome, 553 

Hopkins rod endoscope. 330 

Homer's syndrome. 204, 280, 535 

Hot packs. 575 

Human immunodeliciency virus infection ( H I V )  patiems 
chemical peel or dcnnabrasion in.  32 1 
laser therapy in. 324 

Human papillomavirus. See Papillomavirus i nfection 
Hurler's syndrome, 88 

Hutchinson's sign. 45 1 .  50 I .  564-565 
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Hyaluronic acid, use i n  fetal wound healing, 34, 3 5  

Hydrofluoric acid, a s  b u rn  cause, 390, 39 1 ,  392, 393 

Hydroxyapatite, 25-26 

Hygroma, cystic, 55, 553-554 

Hyoid arch. 305 

Hyperplasia 
constricted breast, 250 

pseudoepithelomatous, 47 

Hypertelorism, orbital, 58, 94-96, 1 05, 1 06 

Hypertension, venous, 360-36 1 

Hyperthermia, malignant, 1 7  

Hyperthyroidism, as gynccomastia cause, 263 

Hypertrophy, virginal, 242 

Hyponychium, 499, 501  

Hypopharyngeal cancer, 1 80 

Hypoplasia, maxil lary, 36 

Hypospadias, 376-377 

Hypotelorism, craniosynostosis-related, 87 

Hypotension, in burn patients, 1 8  

Hypolhenar eminence, ulnar wrist pain in, 6 1 4  

Hypothyroidism, as gynecomastia cause, 263 

Hypoxia 
aspiration-related, 1 6  

effect o n  wound healing, 3 

l ieus, paralytic, in burn patients, 400 

I l iac arteries 
deep circumflex, 342, 430 

superficial circumflex, 342, 423, 479 

I l iac crest, as mandibular bone graft donor site, 224 

l l izarov technique, 358 

Immobilization 
of the hand, 469 

for wound healing, 7 

lmmunosuppression. as malignant melanoma risk factor, 38 

lmmunotherapy, for malignant melanoma, 4 1  

Implants. See also Alloplastic implants 
in nasolabial crease, 289 

Incisions 
axillary, 238 

bicoronal, I 53 

coronal, 1 55, 1 59, 275 

for felon drainage, 507 

gingival buccal sulcus. 1 60 

hairline, 275 

intraorbital, I 59 

intramammary, 238 

inverted T, 244, 245 

lateral brow, 1 54 

medial can thus, I 54 

mid-lid, 1 53, 1 55 

periareolar, 238 

for rhytidectomies, 292, 293, 294, 294-295 

subciliary, 1 53, 1 54, 1 55,  1 59, 1 62 

subtarsal, 1 59 

for thenar space abscess drainage, 5 1  I 
for tissue expander insertion, 20 

transconjunctival. 1 53-1 54, I 59, 20 I 

for upper l imb escharotomy, 402 

wound care for, 3 

W-type, in abdom inoplasty, 3 1 3  

Incisors, exposure during smiling and response, 1 1 9- 1 20 

Infections 
of the abdominal wall. 344 

alloplastic facial implant-related, 334 

of the foot, 366 

frontal sinus fracture-related, 1 4 1 ,  1 42 

of the hand, 444, 506-5 1 2  

mandibular fracLure-rcla1ed, 1 68 

rhytidectomy-related, 30 I 
of wounds, 4 

Infectious disease, as leg ulcer cause, 360 

Index 

Inferior oblique muscle, origin site of, 20 1 

lnfraorbital nerve, exit from skull. 1 4  

lnfraorbital nerve block, I 5 

lnfratrochlear nerve block. 1 5  
Inhalation injuries, 382, 383 

Insect bites, as leg ulcer cause, 360 

lnt.ercanthal distance. 94, 1 55 

lntercostal arteries, thoracic and lumbar. 342 

lntercosial nerve block. I 5 

lntercostobrachial nerve, in axillary lymph node dissection. 252 

Interferon, as resected melanoma treatment_ 44-45 

lntermaxillary fixation, 1 62. 1 67 

Internal fixation, 469-470 

of maxillary and orbital fractures, 1 62, 1 63. 1 67 

rigid, of mandibular fractures, 1 67 

in small joint arthrodesis. 541 

Internal mammary artery grafts, 337, 338 

Internal oblique muscle, 430 

lnterocclusal distance, 1 68 

lnterorbital distance, 94, 144 

I nterosscous muscles, 449 

lnterphalangeal joint 
anatomy of, 445-446 

extension of, 448 

fusion of, 550 

lnterpupi l lary distance. 94 

lnterscalene nerve block, 462, 464-465 

Intersection syndrome. 5 6 1 -562 

lmracranial pressure. cran iosynos1osis-reh11 d increase of, 87 

lntraocular pressure, inLraoperative i ncrease of. 279 

lntraoral approach 
in chin implant placemcm, 334 

to the orbital floor, 1 54 

lntraorbital fractures, I 5 I 
I ntraorbital nerve 

orbital noor fracture involvement of. 1 5  I 

relationship to orbital floor, I 48 

l 111raorbital nerve block. 2 1 2  

lntraorbital rim, standard approaches to, 1 59 

lntrascaphoid angle, 580-5 8 1  

Intravenous drug abusers, abscesses i n .  5 1 2  

I rrigation fluid, 3 1  

Ischemia 
of burn injuries. 402 

critical time of. 4 1 7  

ear reconstruction-related, 2 I 0 

face-lift-related, 298-299 

microvascular free tissue transfer-related, 432 

primary versus secondary, 4 1 7  

of wounds, 4, 29. 30 

lschemia-inducing agents. 394 

lschemia-repcrfusion injury, 4 1 7  

lsografts, 408 

Jacobsen's nerve, 1 74 

Jahss maneuver, 472 

Jehovah's Witnesses, leech therapy contraindication for. 440 

Joint(s), d islocations of, 476-477 

Joint motion, splinting for enhancement of. 575 

Jowls. 297 

Juncturae tendinac, 49 1 

Kanavel ,  Allen B.,  506, 509 

Kasabach-Merritt syndrome, 53 

Keloids, 5 

Keratinocytes, cultured, 4 I 2-4 1 3  

Keratosis, 3 ,  46 

K ienbock's disease, 603-608 

K leebanschiiclel anomaly, 88 

Kleinert traction, 570 

Kleinman test, 6 1 5  

Klinefelter's syndrome, 263 
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K lippel-Trenaunay-Weber syndrome, 55-56, 98 

Knee. soft t issue coverage of. 353 

Krukenberg procedure. 522 

K-wire fixation. 470, 60 1 

Lacerations 
facial ,  1 33-1 34, 1 73 

of nexor tendons. 484-490 

of the lip, 2 1 3  

periorbital, presence o f  fat in.  1 30 

Lacrimal bone, 1 48 

Lacrimal duel, 1 73 

Lacrimal glands 
in blepharoplasty, 278-279 

misidenti fication as upper eyelid fat, 278 

orbital and palpebral lobes of, removal of. 278-279 

ptosis of. 270 

transection of. 1 33 

Lag screw technique, for interfrngmentary compression. 475 

Lagophthalmos, 280-28 1 .  283 

Langer's lines, 8 

Laryngectomy, 1 8 1 - 1 82 

Larynx 
cancer of, 1 80- 1 82 

mechanical artificial. 1 8 1  

Laser 
action mechanisms and components of, 322, 323 

definition of, 322 

Laser procedures 
aesthetic, 322-324 

for hair removal .  320 

for hemangioma removal, 54 

for oral cancer resection. 220-22 1 

for 1a1100 removal. 325, 326, 327-328 

for vascular mul formalion removal, 55 

Lateral reti n:.1culum. 20 I 
Latham appliance, 6 1  

Latissimus dorsi muscle 
blood supply of, 1 92, 430 

use in breast reconstruction, 257 

use as flaps, 2 1 9. 227, 348-350 

LCIS (lobular carcinoma in si tu) .  25 1 -252 

Learning deficiency, 97-98 

Leeches, 439-44 l ,  5 1 4  

L e  Fort, Rene, 1 60. See also Fractures, L e  Fon 
Le Fort I maxi l lary segments. 1 2 1 - 1 22 

Le Fort I l l  advancement osteotomy, 9 1 -92 

Leg. See Lower extremity 

Le111igo maligna melanoma, 38-39 

Leprosy, 1a11oos as risk factor for. 326 

Lesser occipital  nerve, 208 

Le1hal midline cys1ic lympha1ic malformation. 55 

Leukoplakia, 47, 2 1 5  

Levator muscles 
aponeurosis or, 278 

function of, 205 

resection of, 205 

in velopharyngeal closure, 68 

Lcvator palatini muscles, cleft palate-related abnormalit ies of, 
68. 69, 72 

Levator palpebrae superioris muscle, function measurement 
of, 200-2 0 1  

Lichen pl anus, as l e g  ulcer cause. 360 

Lid. See Eyelid 
Lidocaine. 1 4, 15. 1 7  

Ligamen1s. See also specific l igaments 
as facial sof1 tissue support, 269 

injuries 10, 476-477 

Lightning injuries. 388 

Limb buds, 545 

Limbs. See also Lower extremity; Upper extremity 
syndromes affecting, 97 

Linburg ·s sign, 455 

Lines of facial expression, 8 

Lines of minimal 1ension. 8 

Li notriquetral shear test, 6 1 5  

Lip 
anatomic landmarks or, 2 1 1 
anesthesia i n filtration of, 2 1 2  

augmentation or. with fat transplantation. 3 1 7  

innervation of. 2 1 2  

lower 
chin implant-rehHccl numbness or, 334 

mandibular fracture-related numbness of. 1 34 

palsy or, 236 

reanimation of. 236 

lymphatic drainage or, 2 1 2  

musculature of. 1 88. 2 1 2  

primary function of. 2 1 2  

reconstruction of. 1 89, 2 1 1 -2 1 5  

upper, nerve blocks for, 1 4  
vascular anatomy or, 2 1 2  

Lip adhesion, 63, 65 

Lipectomy 
for jowl reduction, 297 

suction-assisted, 1 5- 1 6, 290 

Lipodystrophy, 3 1 7. 372-373 

Lipoedema. 372-374 

Lipoma, 1 4, 460 

Liposuction. 3 1 5-3 1 7  

as breast reduc1ion technique, 243, 245 

as gynccomastia treatment, 264 

of lymphedematous t issues, 375 

ultrasound-assisted. 243, 245, 3 1 6, 3 1 7  

Lip pit ,  98 

Lip pit-cleft lip syndrome. 98 

LOAF mnemonic, for interosseous muscle innervation, 449 

Lobular carcinoma in situ. 25 1 -252 

Local anes1hetics. See Anesthesia 
Lockwood's ligament, 285-286 

Long face syndrome, 1 2 1  

Long thoracic nerve. i n  axi l lary lymph node dissection, 252 

Lower extremity. See also Ankle; Foot: Toes 
amputated, replaniation of, 357 

amputation of. 356-357 

versus l i mb salvage, 358-359 

blood supply of, 354, 36 1 

compartments of. 355 

reconstruction of. 352-359 

ulcers of. 4. 355. 359-367 

Lumpectomy, 252 

Lunate bone, 6 1 3  

anatomy of, 579. 6 1 4  

articulation with the hamate bone. 583 

avascular necrosis or. See KicnbOck's disease 
blood supply of. 578 

dislocations of, 597 

fractures of, 598 

Luno1rique1ral compression lest, 589 

Lunolriquetral inlcrosseous l igamenl, 578 

Lunolriquctral joint. l imi1cd wrist arthrodesis of, 622 

Lunotriquetral l igament, 6 1 4  

tears of, 6 1 2-6 1 3, 6 1 5  

Lunula, 445. 499. 50 1 

Lymphangiogram. 373 

Lymphangioma. 55. 2 1 5  

Lymphangioplasty, 374 

Lymphangiosarcoma. 372 

Lymphatic malformations. 52, 55 

Lymphatic mapping, 44 

Lympha1ic system 
dermal, 501 

function of,  37 1 

Lymphedema, 37 1 -376 
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Lymph nuid ,  differentiated from venous edema. 3 7 3  

Lymph nodes. in mal ignant melanoma, 40 

elective dissection of. 43-44 

Lymphoma. 38 

Lymph vessels. transection of. 373 

Macrodactyly. 5 5 1  

Macrogcnia. 1 2 1  

Macromastia. 242 

Macrophages. role in wound healing, 2 

Macrostomia, I 08 

Maffucci syndrome, 56 

Magnclic resonance imaging (MRI )  
for abdominal wal l  defect evaluation, 343 

for electrical injury evaluation. 388 

for hemagioma evaluation. 52 

for inllammatory anhropathy monitoring, 46 1 

for Kienb6ck's disease evaluation. 604-605 

for lower-limb lymphedema evaluation, 373-374 

preoperative. for tumor evaluation. 563-564 

for skul l  base tumor evaluation, 1 1 3 

for soft-tissue tumor evaluation, 460 

for vascular malformation evaluation. 52 

for wrist disorders evaluation, 598 

Malar bone. See Zygoma 
Mahlr eminence, reconstruction of. I 90 

Malar fat pad. 287 

migration of, 288-289 

repositioning of, 289 

supporting struclllrcs of, 288 

suspension of, 289. 290 

Malformations, 96--97. 547 

Malignant melanoma. 38-45 

metastatic, 4 1 -42. 43 

Mallet linger. 49 1 -492. 540 

Malocclusion. Angle classi fication system for, I 1 8. 1 24, 1 66 

Malrotation. intestinal. 343 

Mamelon, 1 27 

Mammaplasl y 
augmentation, 27, 238-240 

bilateral intercostal nerve blocks for, 1 5  

breast implant malerials for, 238 

use in breast reconstruction, 254 

capsular contracture associated with, 239 

endoscopic procedures in, 330 

following mastopexy, 248 

reduction. 240-245. See also Mastopexy 
use in breast reduction, 254 

Mammography. 252 

in augmented breasts. 240 

Mandible 
anatomy of. 1 64-- 1 65 

coronoid process of. in zygoma fractures, 1 60 

fractures of, 1 3 1 ,  1 34. J 64--l 70 

cervical spine fractures-associated, 1 3 1  

i n  chi ldren, 1 36. 1 37, 1 38-1 39 

cdentulous, 1 69 

favorable and unfavorable, 1 66 

multiple. 1 69 

six Ps of. 1 65 

subcondylar, 1 32 

hypoplastic. distraction of, 1 09 

lengthening of, I 09 

malformations of, 1 08. 1 09 

Mandible 
major growth cenler of, 1 38 

movement of, average measuremems of, 1 28 

oral cancer involvement of, 1 79 

recons1ructio11 of, 221-225 

relationship Lo the facial nerve, 2 3 1  

size increase of, I 09 

trauma response of, 1 65 

I ndex 

Mandibular nerve block. 1 4  

Mandibular opening. vertical. normal range of, 1 22 

Mandibular osteocutaneous l igaments. 269 

Mandibular plane angle. I 1 9  

Mandibular ramus. I 08. I 09 

Mandibulectomy, 1 79, 2 1 7. 2 2 1  

Mandibulotomy, w i t h  pharyngotorny. 1 80 

Mannitol, 206 

Marijuana, as gynecomastia cause, 263 

Marioneuc l ines, 287 

Marlcx polypropylene mesh. 23-24. 345 

Masquelet 's tesL 589 

Masseter muscles 
mandibular nerve block for, 14 

paralysis of, craniofacial microsomia-related. I 08 

Mastectomy, 253 

breast reconstruction fol lowing. 254-258 

as gynecomas1ia trea1111cn1. 265 

Mastication, muscles of, 1 28. 1 74 

Mastopexy, 246--25 l 

use in breast reconstruction, 254 

Maxilla 
alignment of, in bi lateral cleft l ip repair. 
bone grafts for. 1 62 

bunresses of, 1 6 1  

fractures of', 160-164 

in children. 1 37 

classification of, 1 37 

displaced, reduction of, 1 37, 1 38 

Le Fort I, 1 60, 1 6 1  

Le Fort I I ,  1 32, 1 60 

Le Fon I l l .  1 32 .  1 60, 1 62 

Maxil lomandibular fixation. 1 67. 1 68, 1 69 

Maximal voluntary effort tests. 574 

Maxon, as suture material. 7 

McGregor's patch, 288 

Medial canthal tendon. 149 

avulsed, reduction of, 206 

canthoplasty of, 96 

incisions in, 1 54 

insertion site or. 201 

tumors of, 202 

Medial pectoral nerve, in axil lary lymph node dissection. 253 

Median nerve 
anmomy of. 534 

compression of. 528. 530. See also Carpal tunnel syndrome 
injuries Lo, 573 

interosseous muscle innerva1ion by. 449 

in thumb interphalangcal joint extension. 446 

Median nerve block, 465 

Median nerve palsy. Lendon transfer in, 493-494 

Median/ulnar nerve palsy, tendon transfer in, 495 

Melanoma. 564 

of the car, 2 1 1 

subungual, 501 

surgical margins ror. 1 84 

Meloschisis, I 03 

Meningioma, 233 

Meningitis, frontal sinus fracture-related, 1 4 1  

Meningomycloccle. 352 

Mental nerve, exit from skull. 14 

Mental nerve block. 14, 2 1 2  

Mental retardation. Crouzon ·s syndrome-related. 98 

Meralgia pares1he1ica. 529 

Meshed graf'ls, versus sheet grafts. 385 

Metabolic disease. as leg ulcer cause. 360 

Metabolic rate, in burn patients. 398, 399 

Metacarpal(s), short fourth. 459 

Metacarpal head, palmar rotation of. 5 1 7  

Metacarpophalangcal joinL 466, 467, 49 1 

anatomy of, 445 

arthroplasty of, 538. 57 1-572 



Metacarpophalangcal joint (com.) 
effect of extensor rupture on. 537 

flexion position of. 445 
flexor and extender of. 448 

fusion of, 540 
physical examination of. 453 
sprains of, 455 

Metals. as alloplastic implant materials. 25 
Metastasis 

to the hand, 459 
or malignant melanoma, 4 1 -42. 43 
or oral cavity carcinoma. 1 77 
to the skull base. 1 1 1  
of squa111ous cell carcinoma, 50-5 1 

Mcthyl111cthacrylate, 27 
M icrobiology. quantitative and qualitative. 3 1 -32, 33 

Microcephaly. 8. 98 

M icrogcnia. 1 2 1  
Microscope, operating. 5 1 3  
Microsomia 

craniofacial.  108-1 1 0  

hc111 ifacial, 5 8 .  1 04-105. 208 
M icrosto111ia. 405 
Microtia, 208-209 
Microvascular transplants. See Free tissue transfers. 

microvascular 
Midcarpal joint, physical examination of. 590 
Midfoot. plantar u lcers of, 365 
Midlinc capil lary stain. 54-55 

Midpal111ar space. boundaries of. 5 1 1  
Mid-tibial region. sofl t i ssue coverage of, 353 

Mi111etic 111uscles. 287. 288, 290 
M i neral supplementation. for burn patients. 400 
Mini-abdo111inoplasty. 3 1 3  
Mirault-Blair-Brown 111cthod, o f  cleft l ip repair. 6 1  
Mitotic index, o f  expanded skin. 20 
Mitotic rate. of malignant melanoma. 40 
Mo bi  us syndrome. 229. 235 
Moh ·s fresh frozen section technique. 48 
Moles, mal ignant potential of, 42 

Molluscu111, tattoos as risk factor for. 326 
Monobloc advancement. 93 

Monocryl, as suture material, 7 

Mucocelc, 1 1 1 , 1 4 1 .  2 1 5  

Mucoperichondrium. hydrodissection of, 304 
Mucosa 

Bowen's disease of. 47 
buccal. defects of. 2 1 6-2 1 7  

Muir-Torre syndrome. 46 

M u ller's muscle, injury to. 20 I 
Muscles. See also specific muscles 

or  branchial arch derivation. 1 72 
vascular supply of. 435-436 

Muscle transfers 
for facial reanimation, 234. 235. 236 

pectoral is mi nor. 234-235 
Muscularis uvulae muscle. role in vclopharyngeal closure. 

68 
Musculi frontalis muscle. function of, 274 
Musculocutaneous nerve. anatomy or. 534 
Musculofascial repair. indication for. 3 1 4  
Mycolwcterium 111ari1111111. 5 1 1  
Myco/Jacterium /flbercu/osis. tallOOS as risk rac1or for. 326 
Myoblastoma, granular cell .  1 25 
l\1lyocardial inrarction. general anesthesia use following. 1 8  
Myolibroblasts. 35. 557 
Myoglobinuria. 388 
Myonecrosis. clostridial. 342 

Nagar syndrome. 97 
Nahai-Mathcs classification. of fasciocutaneous llaps. 

42 1 -422 
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Nail fold. proximal. 45 1 
Nail plate. growth of. 444-445 

Nails 
runction of. 45 1 
pig111en1cd streaks of. See Hutchinson's sign 

Nasal angles. 302 
Nasal lining. 1 98. 1 99. 302 
Nasal nerve blocks. 1 5  
Nasal tip. See Nose. tip or 
Nasal valves. 302 
Nasion, as ccphalomctric landmark. I 1 9  
Nasoendoscopy. use for skull base tumor diagnosis, 1 1 3 
Nasoethmoidal-orbital fractures. 140. 1 54- 1 55. 206 
Nasofrontal angle. 302 

Nasojugal junction. 285 

Nasolabial angle, 302 

Nasolabial crease. 287. 288. 289 

Nasolabial fold. 287-290 

Nasolacrimal duct. 1 74 
postoperative dysfunction of, 96. 206 

Nasopharyngeal tumors, I 1 3- 1  1 5  
Nasoschizis. I 02- 1 03 
Natural skin lines. 8 
Navicular fat stripe sign. 600 
Neck 

aging 
aes1he1ic rejuvenation or. 27 1 
chronologic signs of. 268-269 

burn-related contractures of'. 404-405 
dissection of. 1 76- 1 77. 1 78- 1 79. 1 8 3 .  1 84 
local flaps for. 185-193 

reconstruction of. 1 90- 1 92 
zones of. 1 7 5  

Neck l ifts. laser facial resurfacing w i t h .  324 
Necrosis. avascular 

of the lunate bone. See KicnbOck"s disease 
scaphoid fracture-related. 599 

Neonates 
finger duplications in. 548 
passive oral prostheses for, 73-74 

presurgical orthopedic correction in. 74-77 
Ncrvc(s). See also specific nerves 

regeneration of. 525 

Nerve blocks. 1 4- 1 5. 46 1 -467 
brachia! plexus. 46 1 -463 
for fingertip injury repair, 503 
intraorbi1al. 2 1 2  

Nerve compression syndromes. 528-533 

Nerve decompression. 530-53 1 ,  532-533 
endoscopic. 533 

Nerve grafts 
of the brachia I plexus. 535 

cross-facial. 233. 235 

"baby sitter" principle of'. 235 
ipsilateral. 233 

Nerve injury 
combined, tendon transfers in. 498 
face l ift-related, 299-300 
hand rehabilitation in. 572 
onhognathic surgery-related. 1 22 

Nerve palsies. combined. tendon transfers in. 495 
Nerve transfers. 526 
Neurapraxia. 524 
Neurocranium. 87 
Ncurolysis. 532. 535 
Ncuroma. Morton ·s. 529 
Neurons. 524 
Ncuropathics. pressure ulcers associated with. 30 
Ncurotization. of the brachia! plexus. 535 
Neurolmesis. 524 
Ncuro1ropism. di fferentiated from neurotrophism. 527 
Neurovascular bundle. displacement of. 556 

637 
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Nevi 
benign, 5 0 1  

melanocytic, 3 8  
blue, 4 8  
dysplastic, 42 
sebaceous, 4 7 

Nipple 
discharge from,  253 
innervation of, 24 1 
in reduction mammaplasty, 244 

Nipple-areola grafts, 244 
in gynecomastia treatment, 264, 265, 266 

Nipple-areola reconstruction, 258-262 

ianoo use in, 329 
Nipple grafts. 244 
Nodular u lcerative carcinoma, 48 
Nodules, thyroid, 1 83 
NOE (nasoethmoidal-orbital) fractures, 1 40, 1 54-155, 206 

Orlon Scale, for pressure sore risk assessment, 368 
ose 
aging, aesthetic rejuvena1ive surgery of, 27 1 
blood supply of, 1 44 
in cleft l ip  repair, 63, 64 
fractures of, 143-147 

in children, 1 35, 1 36 
hemorrhage from, craniofacial fracture-related, 1 30 
lining of, 1 98, 1 99, 302 
middle, 302 
preoperative anesthesia injection into, 304 
proximal, 302 
reconstruction of, 193-199 

in  orbital hypenelorism, 96 
root of, horizontal wrinkles at, 274, 33 1 
skin quality of, 1 94 
structural anatomy of, 1 43, 1 73- 1 74, 302 
subunits of, 1 93 
tip of 

blood supply of, 302 
pinched, 303 
rot al ion of, 304 
supports for, 303 

Nulritional deficiencies, effect on wound healing, 3 
Nutritional support, for burn patients, 399, 300, 40 1 

Obesity, morbid, 3 1 5 
Oblique muscles 

functions of. 149 
origins and insertions of, 34 1 

Oblique retinacular ligament, 449 
Obstetric palsy, 535-536 
Occlusal plane, 1 27 
Occlusion. See also Malocclusion 

arterial versus venous, 440 
in maxil lomandibular fixation, 1 69 

Oculoauricular-vertebral syndrome, 225 
Oculomotor nerve, 149 
OK-432, as lymphatic malformation therapy, 55 
Olfactory function, during orbital hypcrtelorism correction, 95 
Ollier's disease, 458 
Omentum 

use as naps, 227, 339, 347 
prosthetic mesh coverage for, 346 
transposition of, as lymphedema treatment, 374-375 

Omphalocele. 342 
differe111ia1ed from gastroschisis, 343 

Onycholysis, 500 
Onychomycosis, 500 
Open bite 

anterior, 1 26 
condylar head subluxation-related, 1 33 
mandibular fracture-related, 1 32 

Open reduction, of fraclllres, 470 

Open roof, 303 
Oppenheimer effect, of alloplastic implants. 24 
Optic canal, 1 49 
Optic foramen, 148-149 
Oral cancer, 2 1 6  

distribution of, 2 1 6  
regional lymph node meLas1ascs of, 1 78 
resection of, in myocardial infarction patients, 1 8  
risk factors for, 2 1 5  

Oral cavity 
borders and contents of, 2 1 5  
electrical injuries to, 388-389 
reconstruction of, 2 1 5-221 

Oral cavity noor 
cancer of, 2 1 6  
reconstruction of, 2 1 6, 2 1 8. 220 

Oral cleft craniofacial d isorders, orthodontics for, 73-81 
facial growth and, 80-8 1 
for orthodontic management, 77-80 
passive prosthetics, 73-74 
for prcsurgical orthopedic correction, 74-77 

Oral commissure 
defects or, 1 89 
electrical injuries to, 388-389 

Orbicularis oculi muscle 
anatomy, innervation, and function of, 200, 286 
paralysis of, 206 

Orbicularis oris muscle. 2 1 2  
Orbit 

anatomy of, 147 
anterior, as inferior oblique muscle origin site, 20 I 
bone grafts for, 1 62 
bony structures of, 148 
fascial  framework of. 202 
fractures of, 1 30- 1 3 1 ,  1 32, 147-156 

protective bony structures of, 1 48 
trans frontal nasal exposure of, I 1 3- 1  1 4  

Orbital apex syndrome, 1 54 
Orbital fissures, inferior and superior, 1 49 
Orbital noor 

fractures of, 26, 1 34, 1 5 1  
involvement i n  Le Fort I l l  fractures, 1 62 
reconstruction of. 1 52. 1 62 
standard approaches 10, 1 59 

Orbital rim, lateral, common approaches I . 1 59 
Orbital roof, fractures of, 1 5 3  
Orbital walls, anatomy of, 1 48 
Oronasoocular cleft, I 03 
Oropharyngeal carcinoma 

ear pain associated with. 208 
squamous cell, 1 79- 1 80 

Onhodo111ics 
as craniofacial microsomia treatment, I 09 
as oral cleft craniofacial disorders trcatmenl, 73-8 1 

facial growth and, 80-8 1 
for orthodontic management. 77-80 
passive prosthetics, 73-74 
presurgical orthopedic correction, 74-77 

presurgical, 74-77, 1 20- 1 2 1  
Orthognathic surgery, 1 18-123 

Osseointegra1ion, dental rehabilitation by. 225 
Ossification, of cranial bones, 86 
Osteoarthritis, primary. 458 
Os1eogencsis, distraction, I 09 
Osteoma, osteoid, 566 
Osteomyelitis, 359 

human bite-related, 5 1  I 
pelvic, 369 

Osteosynthesis, rigid, 1 67 
Osteotomy 

with frontal bone advancement. 90. 9 1  
Le Fon, differentiated from L e  Fo n  rrac rures, 1 6 1  
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Os1eo1omy (cont.) 

Le Fon I, 92, 1 22 
Le Fon I l l ,  9 1 -92 
mandibular, 1 2 1 ,  1 22, 1 80 
with monobloc advancemen1, 93 
for orbital hypertelorism correction, 95 
radial wedge, 608 

010plas1y, 305-3 10 

bilateral, mal ignant hypcrthermia during, 17  
cartilage-molding and cart i lage-breaking techniques in ,  

308-309 
regional nerve block for, 1 5  

Outpatient surgery, discharge o f  patients following, 1 9  
Overbile, 1 1 9, 1 26 
Overfeeding, of burn patients, 400 
Overjel, 1 1 9, 1 26 
Oxalic acid, use in talloo removal, 326 
Oxycephaly, 58. 59. 88 

Packings, nasal, for nasal fractures, 1 45 
Pain, nerve compression syndromes-related, 529 
Pain management. 

in burn pa1ien1s. 384 
Pala1.al structures, 66 
Palale 

fraclures of. 1 3 1  
necrorizing sialometaplasia of, 2 1 5  
primary and secondary, 66 
reconstruction of, 2 1 6  

Pala1ine anery, i n  Le Fon I maxil lary segmen1s, 1 2 1 - 1 22 
Palatopharyngeus muscles, role in velopharyngeal closure. 68 
Palmaris longus tendon. 

absent, 450 
Palmar muti lation injuries, 5 2 1  
Palpebral fissures 

antimongoloid slant of, 1 53, 1 57 
postoperalive shonening of, 96 

Palsy. See Paralysis 
Papi l l edema, 87 
Papilloma, inverted, 1 1 1  
Papi l lomavirus infections, 326, 564 
Papineau technique, of bone grafting, 357-358 
Paraffin baths, 575 
Paraganglioma. I I I 
Paralysis 

facial. See Facial nerve paralysis 
obstetric, 535-536 
palaial, I 08 

Paraplegics 
pressure ulcers in, 30 
spasticity in. 368 

Parasymphyseal frac1ures, 1 68 
Parenteral nulrilion, for bum patients, 399 
Parkes-Weber syndrome, 55-56, 98 
Paronychia, 444, 500, 507, 508 
Paro1id duct 

injuries of, 1 33 
localization of. 1 73 
severance of, I 73 

Parotidectomy, 229 
Parotid gland, severance of, 1 73 
Parotid gland cancer, surgical treatment of, 1 83 
Parrol beak deformity, 303 
Parsonage Turner syndrome, 536 
Passavant's ridge, 69 
Pectoral is  major muscle 

comparison with internal oblique muscles, 430 
use in  median s1crnotomy wound reconstruction, 337-338 

Pectoralis minor muscle transfer, 234-235 
Pectus carinatum, 340 
Pectus excava1um, 339-340 
Pelvis, osteomyeli1 is of, 369 

Penetrance, di fferentiated from expression, 97 
Penicil l i n, 1 65 
Penile artery, 376 
Penis 

anatomy of. 376 
curvature of. 379 
reconstruclion of, 379 

Perineum. thermal injuries to, 385 
Pcridex, 1 65 
Perionychium, disorders of, 499-50 I 

Perioral region 
aging, aesthetic rejuvcnative surgery of, 2 7 1  
chemical peel o r  derrnabrasion of. 32 1 

Periosteum 
effect of radial ion 1herapy on, 2 1 7  
i n  rhinoplasly, 304 

Peripheral nerve 
compression syndromes of, 528-533 

functional anatomy of, 524 
in juries to, 524-528 

end-to-side repair of, 527 
tendon transfers for. 493-495 

Pernio, 395 
Pcroneal nerve compression, 529 
Peyronie, Fran<;ois de la, 379 
Peyronie's disease, 379, 555 
Pfciffer's syndrome. 88, 97 
Phalanges 

extraarticular fractures of. 470-47 1 
intraarticular fractures of, 457 

Phallic reconstruction. 379 
Pharyngeal wal l ,  speech-enhancing al loplastic implants in, 

332 
Pharyngotomy, 1 80 
Phenol, 

as burn injury cause, 390, 39 1 ,  393 
use as chemical peel, 3 1 8, 3 1 9, 32 1 

Phlcboliths. 53 
Phosphorus, as burn injury cause, 389, 390. 393 
Pho1oaging, Glogau's classification system of, 320 
Pho1oallergic reac1ions, 10 iauoos, 325 
Pho1ographs, preoperalivc, 2 7 1 -272 
Photoplethysmography, for venous hypertension diagnosis, 

3 6 1  
Photothermolysis, selective, 5 5 ,  323 
Phrenic nerve blocks, 464, 464-465 
Pierre Robin anomaly, 98 
Pigment. See also Skin pigmentation 

deposition wilhin 1he nail plate. 50 I 
Pinocchio l ip,  303 
Pisiforn1 bone, 6 1 3  

fractures of. 59 1 -592, 598 
Pisotriquelral joint, 582-583 
Pivol shift lest, 590 
Placenlal bands, 549 
Plagiocephaly. 58, 59, 89. 90-9 1 ,  97 
Pla1elet-derived grow1h factor, 4, 5, 35-36 
Plates, use in mandibular reconstruction, 222 
Plates and screws, bioabsorbable, 24 
Platysma 

in lower l i p  reanimation. 236 
ptosis of, 292 
in rhytideclomies, 29 1 -292, 293, 296, 297 

Platysma-auricular ligament, 269 
Platysma-cutaneous l i gament, 269 
Ple1hysmography. air. 36 1 
Pneumothorax 

brachia! plexus block-related, 464 
inlercostal nerve block-related, 1 5  

Points A and B, a s  cephalometric landmarks, I 1 9  
"Pointed head," 88 
Poland syndrome, 339, 552-553 
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Poll icizalion. of hypoplas1ic 1humbs. 552 

Polydioxanone. as suture material, 7 

Polyethylene. use in facial augmentation, 26, 332 

Polyglycolic acid, absorbable, as alloplas1ic implanl malerial. 
24 

Polymers 
absorbable. as alloplastic implant malerial, 24 

nuorocarbon. 28 

Polymorphonuclear cells. in wound healing, 2,  3 

Polypropylene, use in abdominal wall reconslruction, 345 

Polyps. mucosa!, of the oral cavity, 2 1 5  

Polytetranuoroethylene ( PTFE). 28 

Ponten, Bengt, 422 

Porokera1osis, 46 

Pon wine stains, 54, 55 

lalloo 1reatmen1 for, 328. 329 

Preauricular defecls. flap closure of. 1 90 

Prehension. 5 1 9  

Premax i l la, 66 

Prepalatal struclures, 66 

Pressure sores, 29, 30. 368-371 

Presurgical orthopedic correcl ion, of cleft l ip/cleft palate, 
74-77 

Procerus muscle, 33 1 

Profile analysis, as cephalomelric analysis component, 84-85 

Prof undus tendons. in transected fingers. 450 

Progeria. 273 

Prolene, use in abdominal wall reconstruction. 345 

Pronator quadratus fa1 pad. 594 

Pronator syndrome, 528 

Proplast I. 28 

Proprius tendons. 448 

Prostheses/prosthe1ic materials 
for abdominal wall wound coverage, 344, 345-346 

for mutilated hands, 523 

for thumb reconstruction, 5 1 6  

Provocative testing. fo r  nerve compression diagnosis. 530 

Proximal interphalangeal joint. 49 1 

dislocations and subluxa1ions of. 476 

fusion of, 540, 550 

intcrosseous muscle contracture of, 454 

intraarticular fractures of. 572 

soft 1issue support for, 476 

"Prune belly" syndrome, 343 

Pseudoblepharoptosis. 277 

Pseudohypoparathyroidism. 98 

Pseudomacrogenia, 1 2 1  

Pseudomicrogcnia. 1 2 1  

Pseudoptosis. 247 

Pseudoxanthoma clasricum. 273 

Psorulen u ltraviolet A. as vit i l igo treatment, 329 

Ptcrygoid muscles, paralysis of. cranioracial m icrosomia-
related. I 08 

Ptosis 
o r  the arm, 3 1 7  

of' ihe breast, 247. 330 

mastopexy reversal of. 246-25 1  

i n  reconstructed breasts, 254, 255 

congenital. 205 

evaluation of, 204-205 

of the eyelid. See B lepharoptosis 
of the lacrimal glands, 270 

mid-face. 293 

Muller's muscle injury-related, 20 I 
of the platysma. 292 

postoperative, 96 

surgical correction of. 205 

Pudenda! artery. superficial external. 342 

Pu l leys, anular and crucia1e, 449. 484, 485, 559-560 

Punctum, relationship of colobomas to, 1 03 

Pupil. Marcus Gunn. 1 30, 1 5 0  

Pyramidalis muscle. origins and insenions of, 34 1 

Quadrangular space. 435 

Quadriga syndrome, 502 

Quadrilateral space. 424 

Quadriplegics 
pressure ulcers in, 30 

tendon transfers in 497 

Radial artery. isolated injuries to. 5 1 5  

Radial mutilation injuries, 5 2 1  

Radial nerve 
anatomy of, 534 

compression of. 530 

injuries 10, 52 1 ,  572 

paralysis of. tendon transfers in. 493 

in thumb in1erphalangeal joint ex1ension. 446 

Radial nerve block. 465 

Radial 1unnel syndrome. 528. 532 

di fferentiated from tennis e lbow, 530 

Radiation. ionizing. as skin cancer risk factor. 46 

Radiation injuries. 30 

Radiation therapy 
adverse effects of. 30 

abdominal wall wounds. 342. 344 
leg ulcers, 360 

on the perios1eum. 2 1 7  

scalp wounds. 226. 227 

for basal cell carcinoma. 49 

for head and neck cancer. 1 77 

for oropharyngcal squamous cell carcinoma, 1 79-1 80 

for squamous cell carcinoma of the tongue. 1 79 

Radiocarpal join!. 582-583 

physical examination of. 590 

Radiography 
for nasal fracture evaluation. 145 

for scapholunale evaluation. 6 1 1 -6 1 2  

Radiology, of the hand, 456-461 

of the wrist, 593-598 

Radiolunate angle, 579 

Radioscapholunate ligament. 580 

Radioulnar joint. dis1al, 582-583 

Radius 
distal 

analomy of. 6 1 7  

arterial blood supply of. 5 8 1  

fractures or, bone grafl harvest-related. 223 

as mandibular bone graft donor site.  223. 224 

Rapid slide tesl, 32 

Ravitch technique. for pectus excavatum reconstruction. 
339-340 

Reagan's 1es1, 589, 6 1 5  

Rccombinanl human grmvth hormone. as burn injury therapy, 
400 

Reconstruction plates, mandibular. 222 

Rectus abdominis muscle 
arterial supply or. 430 

use as nap, 338. 353 

origins and insertions of. 34 1 

Rcctus fcmoris muscle 
blood supply of. 370 

use as flap, 346 

Rectus muscles. functions of. 1 49 

Renex sympathe1ic dystrophy. 557, 566-570, 575-576 

imaging evaluation of. 459-460 

Renal fai lure, hypcrparathyroidism associated with. 459 
Renal transplants. as malignant melanoma risk facLOr. 38 

Rendu-Osler-Weber syndrome, 55-56 

Rcplanlation surgery. 5 13-5 1 6  

o f  the hand. 5 1 3-5 1 4. 5 2 1  

use o f  leeches i n ,  439. 440. 44 1 

Reserpine, as gynecomastia cause. 263 

Resuscitation 
of e lectrical injury victims. 388 
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Resuscitation (co111 . )  

of thermal injury victims. 383 
Rctattooing. 329 
Revasculariz;1tion surgery. 5 1 4. 5 1 5  

o f  the hand. 5 2 1 
as Kienbiick"s disease 1rca1men1. 606-607 

Rhabdomyosarcoma. I I .  564. 565 
Rheumatoid arthritis. 537-539 

radiographic hall marks of. 457 
tendon transfers in ,  496-497 
ulnar deviation deformity of. 453. 457-458 

Rhinion. 1 44 
Rhinoplasty. 1 46, 302-304 

with chin augmentation. 333 
cleft. columellar struts for. 26 
regional anesthesia for. 1 5  

Rhytidectomy. 291-301 

'·facial danger zones 
. .  

in. 230 
facial nerve i njury during. 2 3 1 

Ribs 
as cart i l age \lap donor site. 209 
developmental anomalies of. 339 
embryological formation of. 336 

Ring blocks, 466 
Robin. Pierre. 98 
Roen1genography. panoramic, for mandibular fracture 

evaluation. 1 65 
Rolando's frac1ures. 457. 474-475 
Roos test. 536 
Ropivacaine. 463 
Rotation-advancement technique. of cleft l ip  repair. 6 1 -63 
RSTLs. 8 
"Run-around 

.. 
inrcctions, 508 

Saddle nose deformity. 1 45 .  1 46. 1 55,  303 
Saetre-Chotzen syndrome. 97 
Salabrasion, 326 
Sal ivary gland 

masses of. tine needle aspiration of, 1 82- 1 83 
pleomorphic adenoma of. I 1 I 

Salmon patch. 53 
Salter-Harris c\assific:uion, of epiphyseal fractures. 468 
Sarcoma 

clear-cel l ,  564 
cpithcloid. 557. 563. 564 
osteogcnic. of skull  base. I 1 1  
synov ial.  564, 565. 566 
of the upper extremity. 563 

Scalp 
anatomic layers of. 1 73 ,  226 
blood supply of, 1 73, 226 
reconstruction of. 22.  226-228 

replantation of, 5 1 5  
wound management for. 226---227 

Scaphocapitate syndrome. 603 
Scaphocephaly (sagi11al synostosis). 58. 59, 87. 99 
Scaphoid bone 

anatomy of, 6 1 4  
arthritis of. 6 1 7  
blood supply of, 578. 599 
fractures of. 595-596. 597. 598. 599, 600-602. 603 

occu\1, 599-600 
in pediatric patients. 602 

radiographic examinarion of. 594 
rotary subluxation of. 596. 6 1 8  

Scaphoid fat pad. 594 
Scaphoid shift maneuver. 585. 587-588 
Scapholunate advanced col lapse (S LAC) wrist. 6 1 9-62 1 .  622. 

623, 624 
Scapholunate angle. 579 
Scapholunate dissociation. 6 1 1 -6 1 2. 623 
Scapholunate interosseous ligament. 578 

Scapholunate joint. physical examination of. 585-586 
Scaphotrapcziotrapczoid test. 585. 587 
Scapula. as mandibular bone graft donor site. 224 
Scars 

actinic/seborrheic keratosis-related. 3 

breast surgery-related. 243, 248. 250 
burn-related. 3 .  402-403. 404. 406. 574 
dcrmabrasion removal of. 3 2 1  
fetal wound-related. 35 
hypcnrophic/kcloid. 5 
optimal. 8 

revision of. I 0 
tattoo excision-related. 326 
lalloo treatment for. 328 

Schinncr"s test. 202. 232. 268 
Schwann cells. 524 
Schwannoma. malignant. 1 1 1  
Sciera\ show. 1 54 
Scurvy. effect on wound healing. 29 
Sebaceous glands. effect on skin grafts. 408 
Seizure d isorders. Dupuytren's d isease associated with. 555 
Sella. as cepha\omctric landmark. 1 1 9 
Septa\ angle. 302 
Scp1oplas1y. 145. 1 47 
Seroma. 2 1 0. 265. 3 1 4 
Scrratus anterior muscle. harvesting or. 437 
Sheet grafts. versus meshed grafts. 385 
Shon face syndrome. 1 2 1  
Shotgun wounds. 222. 342 
Sialolithiasis. 2 1 5  
Sickle cc\\ disease patients. 1 6. 29 
Sil icone. 27 

as breast implant material. 238.  240 
complications of. 543 
use in  facial augmentation. 332 
physical properties of. 26-27 
use in  small joinl arthroplasty. 543 

S i l icone sheets/gel .  for burn-related hypcnrophic scar 
prevention. 404 

Simona rt 's band. 68 
Sinuses 

cthmoid, 94 
maxillary. 1 03- 1 04. 1 63 
ostcomycl i t ic draining. 564 

Skeletal analysis. as ccphalometric analysis component. 84 
Skin 

epithelial appendages or. 408 
glabrous. 503 
l ntegra artificial. 385 
premature aging of. 273 
t issue-cultured, 4 1 2-4 1 3  

Skin cancer. See also Malignant melanoma 
inherited conditions-associated. 46 

Skin \laps. See Flaps 
Skin grafts, 408-4 14 

for abdominal wall  wounds, 344 
autologous. failure of, 409-4 1 0  
blisters of. 4 
\"or burn wounds. 384-385. 406 
classilication of. 408 
from contralatera\ eyelid.  204 
cosmetic tallooing of. 328-329 
donor sites of. 4 1 0  
i n  Dupuytren·s disease. 558 
in  elderly patients. 4 
expansion methods for. 4 1 0  
for fingert ip injuries. 502 
free dermal.  4 1 3  
healing of. 409 
Jower-ex1remi1y. 354. 355 
Meek island sandwich. 4 1 0  
meshed. 4 1 0  
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Skin grafts (com.) 
for nasal reconstruction, 1 94. 1 95 
for nipple reconstruction, 259. 260 
pinch, 4 1 0  
reinnervation of. 4 1 0  
relay transplantation. 4 1 0  
for scalp wound coverage, 227 
for sickle cell ulcers, 366 
split-thickness, 4 1 1 

use in burn reconstruction, 403, 404 
donor sites of, 4 1 2  
epithelium thickness in, 408-409 
versus ful l-thickness. 408 

as tissue expansion contraindication. 22 
of uniform thickness, 503 
for venous leg ulcers, 362 

Skin lesions, removal of. 8 
Skin paddles. 429, 436 
Skin pigmentation 

implication for laser resurfacing, 323 
of lesions. 564-565 
as melanoma risk factor, 38 
mismatching of.  in sk in  grafls, 4 1 1 
sun-reactivity classification of, 3 1 9  

Skin substi1u1es, uni laminar and b i  laminar. 4 1 3  
Skull 

decorticated outer table of, skin graft coverage for, 227 
as nerve exit site, 1 4, 228 
growth of, 60 
measurement of. See Cephalometrics 

Skull  base 
anatomic divisions of. I I 0 
fractures of. 1 33 

Sku l l  base tumors, I I I 
diagnosis of, I 1 2- 1  1 3  
surgical treatment of. 58, 1 1 0-1 1 7  

c losure and reconstruction i n ,  I 1 6- 1  1 7  
complications of, 1 1 7 
transfacial approaches in, I I l - 1 1 2, 1 1 3- 1 1 6  
transfrontal nasal approaches in, 1 1 3- 1 1 4  

Sleep disturbances, nerve compression syndromes-related, 529 
SMAS. See Superficial musculoaponeurotic system 
Smith"s fractures, 595 
Smoking, as cleft palate cause, 67-68 
Smoking cessation. prior to face-lift surgery. 298 
Sodium bicarbonate, 1 7 ,  1 8  
Soft I issue. craniofacial microsomia-rclated deficiency of. I I 0 
Sofl-tissue tumors. magnetic resonance imaging of, 460 
Soft triangle. 302 
Spare parts surgery, 357, 522 
Spasticity. paraplegia-related, 368 
Speech deficits, cleft palate-related, 70. 7 1 -72 
Speech function, alloplastic implants for improvement of, 332 
Speech rehabil itation. of l aryngcctomy patiems, 1 8 1 - 1 82 
"Spilled teacup" sign, 6 1 0  
Spina bifida cystica, 352 
Spina bificla occulta, 53 
Spinal cord injury, 1 68, 368 
Spine, cervical, fracwres of, 1 3 1  
Spironolactone, as gynecomastia cause. 263 
Splanchnocranium, 87 
Splinting 

as carpal tunnel syndrome treatment, 574 
after Dupuytrcn 's contraclure surgery, 574 
in gnathic procedures. 1 20 
of the hand, 445 
for joint motion enhancement. 575 
K leinert traction, 570 
for mandibular fracture reduction, 1 38- 1 39 
after mctacarpophalangeal implant arthroplasty. 57 1 -572 
as nerve decompression syndrome rreatment. 532, 563. 

. 572, 573 

Sporotrichosis, 5 1 2  
Squamous cell carcinoma, 50-5 1 

axi l lary, 565 
of the car, 2 1  I 
of the hand, 563 
of the head and neck. 1 77 .  1 79-1 80. 2 1 6  
o f  the lower lip. 2 1 3  
metastatic, 1 82, 564 
of the oral cavity. 2 1 6  
oropharyngeal, 1 79- 1 80 
of the skull base, 1 1 1  

Stainless steel, as alloplastic implant material, 25 
Stairstep deformity. 303 
Stapeclius muscle, innervation of. 229 
Stapedius reflex test, 232 
Staphylococcus a11re11s infections. 253. 30 I . 507 
Steatoblcpharon, 277 
Stein. Gertrude. 3 1  
Stener's lesion, 477 
Stenstrom technique. 307 
Sternal cleft, 339 
Stcrnotomy, median. 337-338 
Sternum, stabilization of, 337 
Sternum turnover procedure, for pectus excavatum 

reconstruction, 340 
Steroids, effect on wound healing. 3, 29 
Stickler's syndrome, 67 
Strabismus, postoperative, 96 
Streptococcal infections, 30, 253. 30 I .  506. 5 1 2  
Stretch marks (striae distensae), 3 .  8 
Sturge-Weber syndrome, 5-+. 55-56 
Subclavian perivascular blocks. 462. 464--165 
Subcondylar fractures. 1 32 .  1 70 
Subrncntal approach, in chin implant placement, 334 
Subperiosteal approach. in nasolabial fold surgery. 290 
Substitution maneuvers, 592 
Subungual lesions. 500-50 I ,  564 
Succinylcholine, use in burn victims. 1 8  
Superficial fascia! system, 3 1 2  
Superficialis tendon, in pal mar incisions, 450 
Superficial musculoaponcurotic system 

dissection of, for malar fat pad elevation, 289 
relationship 10 the facial nerve. 229. 230 
relationship to the zygomaticus muscle. 290 

Superlicial musculoaponcurotic system rhytidectomy. 29 1 .  
292, 293-294. 297. 3 0  I 

Superficial ulnar artery trap. 423 
··superglue·· (cyanoacrylate). 27-28 
Superimposition. ccphalometric. 85 
Superior cpigastric artery. 34 1 
Superior orbital fissure syndrome. I 54 
Superior orbital space. tumors of. I 1 3  
Supinator syndrome, 528 
Supraorbital nerve 

blocks of, 1 4  
exit from skull, 1 4  
in forehead l i fts. 33 1 

Supratarsal fold, 20 1 -202. 28 1 
Supratip fullness. 303 
Supratrochlear nerve 

blocks of. 1 4  
in forehead l i fts. 33 1 

Surgery, fasting prior to. 1 5  
Surgical treatment objective. cephalometric. 85 
Suture marks. permanent appearance of. 7-8 
Suture materials, classificarion of. 7 
Su1urcs 

absorbable, 7 
conchomastoidal. 307 
con1inuous over-and-over. 7 
cranial, 86, 87, 97 
Dexon, 24 



Su1ures (cont.) 

for nexor tendon repair, 485, 486. 487, 488, 489-490 

intradcnnal. 3. 6 

for lip rcconstruc1ion. 2 1 3  

mattress. 6 .  7 

Mus1arde. 307-308 

nonabsorbable. 7 

nylon. 3 

running. 7 

simple in1errup1ed, 6 

subcuticular. 6 

Vieryl, 24 

effect on wound healing. 3 

Suturing techniques 
for lip reconstruction. 2 1 2  

for skin wounds, 6-8 

Swan-neck deformily. 454, 455-456, 539 

Sweat glands 
carcinoma or. 566 

effect on skin grafls. 408 

Swimmers, wound infections in .  5 1  I 
Symblepharon, 205 

Symbrachydactyly, 550 

Sympatheclomy, 569 

Sympathetically-independent pain syndromes. 567-568 

Sympathe1ically-main1ained pain syndromes, 566. 567-568 

Sympathetic nervous system. functional anatomy of. 566 

Symphalangism. 549-550 

Symphyseal fraclures, 1 68 

Synchondrosis, congenital carpal. 62 1-622 

Syndac1yly. 545-547 

Syndrome. defini1ion of. 96 

Syndrome synostosis, 87 

Synostoses 
metopic, 90. 97 

saginal. 58. 59. 87. 99 

u n i lateral lamboidal. 97 

Synovi1is. 460. 461  

of 1h e  scaphoid. 586-587 

'"wet lea1her" sign of, 5 91  

Synpolydac1yly. 548 

Tai lor-tacking, 250 

Tamoxifen. 253. 264 

Tannie acid. use in wnoo removal. 326 

Tar. removal from injured body parts. 39 1 

Tarsal IUnnel. decompression of. 532 

Tarsal tunnel syndrome. 355-356. 528, 529 

Tarsus. vertical dimension of. 200 

Tauoos, 324-329 

eyelid l iner, 286, 325. 329 

intradermal,  in n ipple-areola reconstruction. 260. 26 1 .  262 

1rauma1ic, 325. 328 

Tear lilm. 206 

Tears. 1 73. 206, 286 

Tear trough deformity, 285 

Teeth. See Dentition 
Telangiectasia, hcrcdiiary hemorrhagic. 55-56 

Telecanthus. 1 55 .  206 

"Telephone ear·· dcformi1y. 308 

Telorbitism, 98 

Temporal bone. fraclures of, 1 33. 1 36 

Temporalis muscles, paralysis of. I 08 

Temporornandibular joint 
ankylosis of, 225 

dysf unc1io11 of, onhognathic surgery for. 1 22- 1 23 

mandibular condyle posi1ioning within.  1 1 8 

normal motion of, 1 22 

Tendinitis. llexor carpi radial is. 455. 592 

Tendon sheath irrigation. for acute flexor tenosynovi1is. 509 

Tendon 1ransfers, 493-499 

muscle activation following. 574 

I ndex 

Tennison-Ranclall rne1hod. of  clef! l ip repair. 6 1  

Tenolysis, 489 

Tenon's capsule, 149 

Tenosynovectomy. extensor, 538 

Tcnosynovitis 
de Quervain "s. 530. 559-560. 59 1 

Finkelstci n"s sign for, 455, 530, 5 9 1  

lirsl dorsal compartmenl. 56 1-562 

flexor. 509 

stenosing. 559-562 
third dorsal companment. 562 

Tensilon 1esl. 204 
Tensor foscia lata muscle 

arterial supply of. 430 

use as flap. 346 
Tensor veli palatini muscles, in  clcfl palate. 72 

Teraloma. 94 

Tessier. Paul. 58. I 0 I 
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Tessier classilica1ion system, of craniofacial clefls. 99, I 0 I 
Testoslcronc. 264. 376 

"J�excision abdominoplasty. 3 1 3  

Thenar space. 5 1 0-5 1 I 
Theophyllinc. as gynccomastia cause. 263 

Thigh, common coverage melhods f'or. 353 

Thigh l i fts. medial. 1 37 

Thoracic outlc1. anatomy of, 536 

Thoracic oullct syndrome. 528, 536. 573 

Thoracodorsal nerve 
analomy of. 534 

in ax i l lary lymph node disseclion. 252-253 

Thoracodorsal pedicle, in  Ja1issimus dorsi llaps. 257 

Thumb 
adduction restoration in, 494 

arthrodesis in.  540. 541 

bila1eral nexion deformity or,  55 1 

duplications of, 547-549 

ex1ensor zones of. 49 J 
fusion of. in rheuma1oid anhritis, 539 

gamekeeper"s. 477 

hypoplastic. 5 1 7-5 1 8. 552 

reconstruc1ion or, 438. 503, 5 1 6-518, 554 

in thcnar space infections. 5 1 0-5 1 I 
trigger deformity of. 55 1 

Thumb-in-palm deformity. 496 

Thyroglossal duel. cyst of. 1 62 

Thyroid gland 
cancer of. 1 83- 1 84 

nodules of. 1 83 
Tibia 

open rracturcs of. 3 1  

proximal. soft tissue coverage for. 353 

TILT (lriquetral pain disorder), 590 

Tinel"s sign. 233. 356. 525. 529. 530 

Tip-columellar angle. 302 

Tissue expansion. l 9-23 

in abdominal wall reconstruction. 347 

in breast reconstruction. 255. 256 

in burn scar revision. 406 

in ear recons1 ruc1ion. 209 

in hand recons1ruction. 483 

at home. 22-23 

in nasal reconstruction. 1 98 

in scalp rccons1ruction, 228 

Titanium. as altoplastic implant material. 25 

Toes. as free tissue transfers. in thumb reconstruction. 438, 

503. 5 1 6. 5 1 8  

Tongue 
cancer of, 1 78-1 79. 2 1 6  

lymphatic drainage of. 1 7 7  

reconstruction of. 2 1 6. 220 

Torticollis. 89 

'"Tower skul l: ·  88 
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Trabccular ( Merkel cell) carcinoma. 48 

Traction injury, to the brachia! plexus. 535 

Transforming growth factor-�, role in wound healing, 2. 5, 

35-36 

Transverse abdominis muscle, origins and insenions of, 34 1 

Transverse retinacular ligament of Landsmeer. 449 

Trapezium bone. fractures of, 598 

Trapezius muscle. use as nap. 35 1 -352 

Trapezoid bone, fractures of. 598 

Trauma 
as contracture cause. 557 

nail changes associated wilh, 500 

Trencher Collins syndrome. 99. 1 04. 1 05.  209 

Trenchfoot, 395 

Treponema pa/lidum infections. 326 

Triad syndrome. 343 

Triangular ribrocartibge complex, 589 

anatomy of, 582, 6 1 4  

injuries to. 6 1 2. 6 1 3. 6 1 4-6 1 5  

Triangular space, 350. 424, 435 

Trichiasis. 205 

Trichloroacetic acid 
as burn cause, 39 1 

as chemical peeling agent. 3 1 8-3 1 9 ,  320 

Trigeminal nerve 
facial fracture-related numbness of, 1 30- 1 3 1  

a s  muscles o r  mastication innervation. 1 74 

origin site of, 229 

Trigger fingers, 55 1 .  557, 559-56 1 

Trigonocephaly, 58. 59. 97. 98 

Triquetrum bone, 6 1 3  

anatomy of, 6 1 4  

fractures of, 598 

Trismus. 14. 1 57 

Trisomies. cleft palate associated with. 67 

Trochlear nerve. 1 49 

Trunk, posterior, reconstruction of. 348-352 
D-Tubocurarine. 1 5. 1 8  

Tumors. 562-566 

of the hand, 562-566 
as leg ulcer cause, 359 

staging of. 564 

Turricephaly. 88 

Two-point-discrimination test, 45 1 

U lcers 
aphthous. 2 1 5  

decubillls, 5 ,  1 6  

diabetic. o f  the foot. 4 ,  355, 363-365 

of the leg, 359-367 
malignam melanoma-related, 40 

Marjol i n  ·s, 50 

sickle cell. 30. 366-367 

stress. in burn patients. 40 I 
Ulna. anatomy or. 6 1 7  

Ulnar artery, isolated injuries to, S 1 5  

Ulnar claw hand, 562-563 

Ulnar deviation deformity, 457-458 

Ulnar impaction syndrome. 6 1 2  

Ulnar mutilation injuries, 5 2 1  

Ulnar nerve 
anatomy of, 534 

compression of. 529. 530 

decompression of, at the elbow, 532 

as dorsal interosseous muscle innervation, 446 

injuries to, 573 

palsy of, 45 1-452. 494-495 

in thumb interphalangcal joint extension, 446 

Ulnar nerve block, 465 

Ulnar snuffbox, 589 

Ulnar variance, 580, 6 1 4  

i n  Kienbi:ick ' s  disease, 604, 606. 607, 608 

I ndex 

Ulnar variance (com.) 

effect on rcvascularization. 606 

in scaphoicl fractures. 599 

Ulnar wrist pain, 589-590 

Ulnocarpal joint. force transmission through. 578 

Ultrasonography 
for hcmangioma evaluation. 52 

prenatal. 55 

for tendon evaluation. 460 
for vascular malformation evaluation, 5:2 

Ultrasound-assisted liposuction. 243. 245. 3 1 6. 3 1 7  

Ultraviolet radiat ion. as skin cancer risk factor. 38, 39. 45-46, 

47 

Umbilicus, in abdominoplasty. 3 1 4  

Unna boot. 362 

Upper extremity. See also Fingers: Hanel 
venous anatomy or. 478 

Upper limb tension tests, 574 

Upper motor neuron lesions. 232 

Urethra. reconstruction of. 378 

Urethral stricture disease. 378 

Urticaria. cold. 396 

Uvula. bifid. 67 

Vagina. construction of, 379 

Valacyclovir. 32 1 .  324 

Van cler Woucle's syndrome. 98 

Varicose veins. 330. 36 1 

Vascular disease, as leg ulcer cause. 359 

Vascular malformations. 52-55 
differentiated from hemangiomas. 55 1 -552 

Vasculitis, as leg ulcer cause. 360 

Vastus lateral is muscle. blood supply of. 370, 430 

Vclocardiof'acial syndrome. 67 

Velopharyngcal closure. 68 

Vclopharyngeal incompetence. 7 1  

Veloplasty, intravelar. 68 

Vcnogram, 3 6 1  

Venous insufficiency. 5 1 4 

Vermilion border. 2 1  I 
lesion management adjacent to. 2 1 2  

i n  surgical reconstruction. 1 89 

talloo enhancement of'. 328-329 

Verrucous carcinoma, 2 1 6  

\librio v11/11ijic11s, 5 1 1  

Vicryl. as suture 111a1erial. 7 

Vicryl mesh, use in abdominal wall rec nstruction, 345 

Virchow's law, 87 

Visccrocranium. 87 

Viscoelastic deformation. tissue exp•msion-relatccl, 2 1  

VISI  (volar intercalated segmental instability) deformity. 
6 1 1 

Vitallium, as alloplastic implant material. 25 

Vitamin A, effec1 on wound healing. 4 

Vitamin C deficiency, effect on wound healing. 29 

Vitamin deficiencies, 3. 6 1  

Vitamin supplementation, for burn patients. 400 

Vitiligo. 329. 4 1 4  

Volvulus, intestinal. 343 

Vomiting, during anesthesia induction. 1 6  

Von Langenbeck oper:uion, for cleft l i p/pala1e repair. 63, 70 

V-Y advancement technique. 1 1 - 1 2. 63 

Wallcrian degeneration, 525 

Wardill-Kilner-Veua operation. 70-71 

Wardil l-Kilner V-Y method, of clel't l ip repair. 63 

Wartcnberg's sign. 45 1-452 

Watson's test. 61 I 
Weber-Christian disease. as leg ulcer cause, 360 

Web spaces, 546. 553 

Wedge resections, 2 1 3, 284 

Werner's syndrome. 273 



Wei lea1her sign. 59 1 
Whirlpool 1rea1men1. 575 
Whi1low. herpelic. 507-508 
Whitnall's ligament. 285 
Wiring. intcrosscous. of mandibular fractures. 1 67 
Wi1ch·s chin defonni1y. 1 2 1  
Wound(s) 

chronic. 4 
closure and repair of. 29 

of contaminated wounds. 32 
surgical. 6 
techniques and geometry or. 6-13 

contaminated, 3 1 -33 
with river or sea water. 5 1  I 

con1rac1ion or. 4. 35 
feial. 34-36 
healing of, 2-5 
pos1cardio10111y i n fcc1ions of. 337 
problc111a1ic. 29-33 
traumatic. 30-3 1 

abdominal. 342. 344 
W-plas1y, I I , 1 87. 2 1 3. 406 
Wrinkle l ines, 8 
Wrinkles, 268 
Wrist 

ana1omy or. 578-584 
anhrodesis of. 6 1 6-624 
cenler of ro1a1ion of. 582 
dorsal exlensor co111panmen1s of. 447. 448 
pain in 

cxtraarticular causes of. 591 -592 
ul nar. 613-616 

physical examination of. 585-593 
radiographic examina1ion of. 593-598 
range of motion of. 585. 6 1 6  
rheumatoid anhritis of. 538 
scaphoid fracture-related ins1abili1y or. 600-60 1 

I ndex 645 

Wrisl (co111 . )  
SLAC (scapholunale advanced collapse). 6 1 9-62 1 .  622. 

623. 624 
spaghetti, 447 

Wris1 nexion/ulnar devia1ion. cerebral palsy-related. 496 
Wrisl nerve blocks. 465 
Wyburn-Mason syndrome. 55-56 

Xanthclasma. 27 1 
XenograflS. 385. 408. 4 1 2  
Xerodcrma pigmcntosum. 46 

Z-plasty, 1 0- 1 1 
for burn scar revision. 406 
Furlow double. 70. 7 1  
gain i n  length of. 1 8 7  
for l ip reconstruc1ion. 2 1 3. 2 1 4  
for web space release. 546 

Zyderm. 25 
Zygoma 

alloplastic impla111s in. 333, 334 
anatomy of. 1 56 
articulation of. 1 63 
fraclllres of. 1 30- 1 3 1 .  1 34. 156-160 

in children. 1 36 
complex. 1 50. 1 53. 1 56- 1 57 
depressed, 1 36 
displaced. 1 63 

Zygomatic arch. fractures of. 1 59 
Zygomaticofronlal region. 1 56 
Zygomaticoorbital fractures. 1 50 
Zygomatic os1eocuwncous ligament. 269 
Zygoma1icus muscle 

in  malar fm pad resuspension. 289 
relationship to superficial 111usculoaponeuro1ic system. 

290 
Zyplasl. 25 
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