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STRUCTURE AND DEVELOPMENT






CHAPTER 1
ANATOMY

Tl\c anatomy of the hand will be presented by first describing
the bony framework and then the more superfical structures
It 15 hoped that tus sequence of exposition will give 2 three i
mentional viewpoint and ud retention of the salient infonmation

BONLS

The distal extremty of the radius 15 expanded 1nto the carpal
and ulnar arucular surfaces The carpal arucular surface 15 n
angular on the radial side for articulauon with the navicular bone
and quadnlateral on the ulnar side for aruculation with the lunatc
bone The ulnar arucular surface 1s narrow and smooth and
aruculates with the head of the ulna and the base of the trangular
cartilaginous arucular dish. The domnal surface of the distal radius
1s groved by the extensor tendons with the most prominent land
mark being Lister s tubercle which separates the extensor pollicis
longus from the extensor carpi radialis brevis (Fig 1) The lateral
surface of the distal end of the radius ts prolonged as the styloid
process which 15 grooved for the tendons of the abductor pollicis
longus and extensor pollicis brevis

The distal extremity of the ulna 1s shghtly expanded to form
a rounded articular surface which 1s prolonged medially as the
styloid process The articular surface or head of the ulna articn
fates with the tnangular disk distally and with the ulnar aruenlar
surface of the radius laterally

The proximal row of carpal bones consists of the navicular
lunate and triquetrum The pisiform articulates with the tnque
trum and really does not form a part of the proximal row The
navicular bone 13 on the radial side of the carpus with s long
axi passing downward and laterally It articulates proxsmally
with the lower end of the radius distally 1t has an arucular
surface for a juncture with the greater and lesser multangular
At the distal Jateral angle of the ventral concave surface 13 the

[3]
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The distal carpal tow consists of the greater nd lesser mult
angular capitate and hamate bones The greater multangular
possesses a proxamal surface which articulates with the naviculr
bone a distal saddle shaped articulation for the first metacarpal
and a medial surface which aruculates wath the lesser multangular
and second metacarpal There 15 a groove on the volar surface of
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Figure 2. Volar view o} the bones of the wrist and hang
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Figure 1 Dorsal view of the bones of the wrist and hand.

tubercle which may be grooved by the flexor carpr radials
(Fig 2) The medial surface has two articular faces for the capitate
and lupate bones The lunate 1s characterized by 1ts senmlunar
mferior articulation for the head of the capitate and hamate
bones. The convex proximal surface aruculates with the radius.
There 15 a small lateral concave face for articulation with the
navicular and a small medial quadnlateral face for juncture with
the triquetrum The trniquetrum presents a concave inferior sur
face for articulation with the hamate and a lateral quadnlateral
aruculanng face for the lunate There 15 a small medial oval facet
for articulation with the prsiform
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heads of the proximal phalanges possess two smll condyles nd
an mtercondylar space

The muddle phalanges are shorter than the proximal although
ot the same general appexrmice “The bites present a double con
cavity to articulate with the condyles of the heads of the proximal
phalinges The heads are very simlar to the heds of the prosimal
phalanges The distal phalanges arc simlar for all the fingers
possessing bascs similat to those of the muddie phalanges and
short shafts which end 1n flat ungulate plates roughened on
the volar surltces

JOINTS

The wnst joint includes the following the distal radio-ulnar
radio-carpal proximal intercarpal mud-carpal distal intercarpal
and carpometacarpal (Fig 3) The distal radio-uluar yoint 15 a
trochoid or pivot joint connected by a volar and dorsal radio-ulnar
ligament and an articular tnangular cartilaginous disk placed
with 1ts apex attached to the styloid process of the ulna and 1ts

Distal
Rodio Uinar | I Rodo-Carpal

Figure 3 The more important spaces of the wrist joint.

base to the ulnar notch of the radius This possesses 1ts own jomt
@vity lined with synovium and 1ts movement consists of rotation
ot the radius agawnst the head of the ulna The radio-carpal 18 a
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the greater multangular produced by the flexor carpt radialis.
The lesser multangular 1s a wedge shaped bone with four articular
surfaces for the navicular proxmmally the greater multangular
laterally the second metacarpal distally and the capitate medially
The caputate, whch 13 the largest of the carpal bones possesses a
rounded articular head that articulates with the concavity formed
by the navicular and lunate and a small nech and body The distal
face articulates wath the second, third and fourth metacarpal
bones the lateral with the lesser multangular and the medial
with the hamate The hamate 1s a wedge shaped bone with a volar
prolongation or hook. The proximal surface arnculates with the
lunate the lateral with the capitate the inferior with the fourth
and fifth metacarpals and the medial with the tnquetrum

The metacarpal bones are divided into a pro)umal base, a
Jongitudinal shaft with a volar concavity and dorsal convexaty
and a distal head. The base of the first metacarpal differs from
the others in that 1t 15 concave-convex for articulation with the
greater multangular to form a saddle jont. The second meta
carpal has a pecubar notched appearance for artculation with
the lesser multangular The radial shoulder of the notch articu
lates with the greater multangular and the ulnar shoulder with
the capitate and styloid process of the base of the third metacarpal
The base of the third metacarpal aruculates with the caprtate
proxumally the second metacarpal radially and the fourth meta
carpal ulnarly Thu ulnar articulation 15 disunctuve i that 1t
consists of two small oval facets. On the domal radial angle there
15 a styloid process which extends upward over the capitate for
wmnsertion of the extensor carp: radialis brevis. The base of the
fourth metacarpal articulates proximally with the hamate and
capttate radmally through two oval facets with the third meta
carpal and ulnarly by a single concave articulation with the fifth
metacarpal The fifth metacarpal articulates proxamally with the
hamate and radially with the fourth metacarpal. The heads of
the metacarpals present convex articular surfaces for the proxumal
phalanges

The bases of the proximal phalanges present concave articulaung
surfaces. The shafts exhibit a volar concavity the nidges repre
senting the insertions of the sheaths of the flexor tendons The
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condyloid joint whereby the radius and articular disk articulate
with the navicular lunate and tnquetrum This joint 1s connected
by volar and domal radiocarpal higaments and ulnar and radial
collateral Ligaments. The ulnar collateral igament extends from
the styloid process of the ulna to the triquetrum  transverse carpal
ligament and pisiform The radial collateral higament exiends
from the radial styloid process to the greater multangular and
mansierse carpal igament. This joint possesses 1ts own cavity
lined by synovial membrane. The proximal carpal bones artuculate
with each other and are connected by domsal volar and inter
osscous ligaments The pistform bone maintains its integnty
through a piso-hamate higament connecuing the puiform to the
hamate and a piso-metacarpal ligament connecting the pisiform
to the base of the fifth metacarpal The aruculation between
the pisiforrn and tmquetrum 15 lined with synovial membrane.
The distal carpal bones are connected by dorsal, volar and
mnterosseous ligaments. The 1nterosseous ligament between the
greater and lesser multangulars 13 somenmes lacking The mid
carpal yjoint 1s the articulation of the proxamal row with the distal
row of carpal bones. It 1s a compound jomnt possessing n 1ts
center a ball-and-socket joint consisting of the head of the capitate
and the concave surfaces of the navicular and lunate. On the
radial side the mulmngulars aruculate with the navicular and
on the ulnar side the hamate articulates wath the mquetrum form
g arthrodial or ghding joints The mid-carpal jomnt 1s conmected
by volar and dorsal ligaments and a radial and ulnar collateral
ligament on either side of the carpus An inconstant interosseous
hgament may be present between the capttate and pavicular
Thus joint 13 lined with synovial membrane which sends pro-
longations between the vanous bones. If the interosseous igament
1s absent betwween any of the bones of the distal ron this joint
may be conunuous with the carpometacarpal joints The carpo-
metacarpal articulanons are held together by the dorsal volar and
interosseous higaments berween the third and fourth metacarpals
and the capitate and hamate These joints are arthrodial and
permit very hittle movement The index and mrddle finger joints
are almost 1mmovable but the nng and fifth finger joints have
moton This motion 1s of extreme rmportance when making a
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fist or graspmg objects nd s Ick 15 noticed often m nguries
or discase associuted with them The carpometacirpal aruculation
of the thumb 15 a saddle jomt pernmtung 1 wide minge of mouon
Thus possesses 1ts own capsutle md 15 hned by 2 synovial membrne

The movements of the wrist are [urly complex and have been
well summanzed by kaplan ' Volar flexion of the hand takes
place mainly i the radio-carpal jomt and secondanly in the mid
carpal jomt Domiflexion on the comrary occurs mostly n the
md-carpal joint 1nd additionally m the radio-carpal joint Radral
deviation occurs mostly i the mid-carpal joint and ulnar devia
ton mostly 1n the radio carpal articulitton  These changes
are casy to reason since the dorsal lip of the radius would prevent
the radio-carpal joint from contnbuting very much to cxtension
and the radial styloid process would hmut the radial deviation
of this point However 1t must be realized that if one of these
Jomnts 1s fused the other will often compensate for 1ts movement

Rodwo -Utnar ) Radw-Carpal

-r“/’\

Piso- "“\0 Mid-Carpal
¥ '

Triquetral

Corpo - Mstacarpal

Figure 4  Synovial lined spaces of the wnist Joine

Bradley and Sunderland ? Teport a case where the mud-carpal joint
was destroyed by bony fusion leaving as the sole functronal jomnt

the radio-carpal By studying this jont they concluded that the

movements of flexion and extension occur 1n the radto-carpal



»

12 The Hand Its Anatomy and Diseases

and mid-carpal jomnts and that the amount of movement occurring
at the mid-carpal exceeds the radio-carpal Radial deviaton was
produced almost entirely in the mid-carpal jomnt and ulnar devia
tion was unaffected by the [usion of the mid-carpal joint.

There are usually seven synovial hned cavities 1n the wrst
jomnt the distal radio-ulnar radiocarpal mid-carpal piso-tnque
tral metacarpo-carpal of the thumb second and third fourth
and fifth fingers (Fig 4)

The carpometacarpal saddle joint of the thumb has a peculiar
shape 1n that the articulating surface of the greater multangular
possesses a convexaty with a shorter radius on the ulnar than on
the radial side (Fig 5a) As a consequence movement of this
Joint produces a rotation of the metacarpal as well as the usual
flexion extension abduction adduction and circumduction It
may be that this bony configuration 1s responstble for opposition
rather than the muscle action of the opponens pollicas This ob-
servation has been made by many anatomists ?

The second third and fourth metacarpal bones articulate with
cach other at their bases and are connected by dorsal volar and
mterosseous ligaments

The metacarpophalangeal joints are condyloid and possess a
capsule which 1s remnforced laterally by the lateral collateral higa
ments Tunmng 1n a volar direction from the promumal bone to
the distal bone (Fig 5b) The volar aspect of the joint 15 rein
foried by a strong igament known as the palmar plate or glenoid
higament. These are loosely attached to the metacarpal bone but
are firmly attached to the base of the first phalanges The dorsal
surfaces of these joints are covered by expansions of the extensor
tendons These joints permut flexion extension adduction, ab-
duction and crcumduction The metacarpophalangeal jout of
the thumb differs greatly in indimviduals, and the motion of this
joint vanes depending upon whether the metacarpal has a flat
or rounded head. With flat joints there 1s less mobility than
those with round heads.t

The phenomenon of craching 1n the metacarpophalangeal
jonts of the fingers has long been a subject of discussion Roston

and Haines * theorize that this 1s due to a sudden wide separation
of the bones of this jomt when the joint capsules are lax per
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mitung 1 partnd vacuum to hecome occupted by water vapor and
ood gases under reduced pressure

The mterphalingeal joints are quite similar to the meticarpo-
phalangeal joints as far s the joint cwaues and collteral Al
volar ipaments are concerned However they differ i shape since
they are  lunge  jownts nd permit only flexion and extenston
(Fig 50)

Figure 5 Diagram of the shape of () the arpometacarpal point of the
thumb (b) metacarpoplalangeal jount and (c) interphalangeal joint

SESAMOID BONES

The sesamoid bones, which denve their name from Sesamum
mdicum an ancient East Indan plant used by Greeh physicians
for purging, are said to have been given their name by Galen
Hubay * studied 299 male and 230 female hands and found that
mn 100 per cent of the cases the radial and ulnar sesamoid bones
of the metacarpophalangeal jomnt of the thumb were present
1 70 per cent the ulnar sesamoid bone of the fifth metaca
phalangeal joint was present 1 40 5 per cent the radial smmrg::
bone of the second metacarpophalangeal joint was found and
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m only 0 2 per cent a radial sesamoid of the metacarpophalangeal
jomt of the third and fourth fingers was present.

Joseph ™ found a simuilar frequency of sesamoids and re-empha
sized the fact that these bones do not develop as a response to local
and environmental factors such as rubbing or pressure They
regularly appear between the ages of thirteen and cighteen n
the male and eleven and fifteen in the female indicating that
ossification of these bones 13 determined by factors similar to those
which determme the ossification of any other bone in the body
These sesamoids are embedded 1n the capsule of the jomnt and
have artrcular surfaces which articulate with the underlying bones

MUSCLES

The muscles that move the hand consist of the mtrinsic muscles
whose ongins and insertions are limited to the hand region and
the extrninsic muscles which come from the forearm and pass over
or under the wrist to move the fingers or wrst

The mtnnsic muscles consist of the thenar muscle group the
hypothenar muscle group and the mterosser and lumbrcales
The hypothenar muscle group 1s composed of four muscles the
palmanis brevis abductor digtn qunti flexor digitt quinti brevis
and opponens digin quunu The palmans brevis 15 a thin flat
muscle placed beneath the skin on the ulnar side of the hand
which arises from the transverse carpal higament and palmar
aponeurosis and 1nserts 1ato the slan on the ulnar surface of the
hand Direct pressure over the pisiform bone produces a corruga
uon of the shin on the ulnar border of the hand the so-called

palmaris brevis reflex  The abductor digits quints forms the
convex outline of the hypothenar eminence It extends from the
pwsiform bone and the tendon of the flexor carpi ulnans with
which 1t forms a functional unit for abduction of the fifth finger
and mserts wnto the ulnar side of the base of the proximal phalanx
and extensor hood of the fifth metacarpophalangeal joint (Fig 6)
The flexor digats quints brewis lies radaal to the preceding muscle
anses from the hook of the hamate bone and the transverse carpal
ligament and nserts into the ulnar side of the base of the first
phalanx of the little finger The deep branch of the ulnar nerve
descends into the deep aspect of the palm through the origins
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the greater multangular and inserts mnto the radial side of the
base of the first phalanx of the thumb The flexor pollicts brewns
1s a complex muscle which vanious anatomists have divided 1nto
several portions The superfictal poruon anses from the trans-
verse carpal higament and ndge of the greater multangular
Just ulnar to the abductor pollicis brevis and inserts mto the
tadial side of the base of the first phalanx by way of the radial
sesamoid bone The deep portion anses from the ulnar surface
of the first metacarpal bone and nserts into the ulnar side of the
base of the first phalanx through the ulnar sesamoid bone of the
joint This deep portion 1s essennally a part of the adductor
polhicis The opponens pollicis lies beneath the preceding abduc
tor and flexor pollicts brevis anses from the ndge of the greater
multangular and transverse carpal hgament and nserts mto the
whole length of metacarpal bone

The adductor pollicis consists of an oblique and a transierse
portion The transverse portton 1s triangular m form and arises
from the volar surface of the tlurd metacarpal bone Its fibers
converge to insert wmto the ulnar side of the base of the first
phalanx of the thumb 1n continuity with the ulnar sesamoid bone
of this joint. The oblique portion arises from the bases of the
second and thurd metacarpals and capitate bone and inserts into
the ulnar side of the base of the first phalanx of the thumb by
way of the ulnar sesamoid bone.

The abductor pollicis brevis the opponens pollicis, and the
superfiaial head of the flexor pollicis brevis are usually supplied
by the median nerve and the short head of the flexor brevis and
adductor polbicis by the ulnar nerve

The 1ntcrosser supplied by the ulnar nerve consist of four
dorsal and three volar muscles The dorsal interosser are bipenm
form muscles which arise from the adjacent sides of the metacarpal
bones and comverge as lateral bands of the extensor apparatus of
the fingers (Fig 7) The first dorsal interosseous arses by two
heads through which the radial artery passes into the palm of the
hand. It inserts mnto the radal side of the index finger and pro
duces the abduction of this finger so important for the pinch
mechanum between the index finger and thumb The second
and third dorsal interosser insert into the radial and ulnar sides
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of the extensor apparatus of the middle finger Ihe lounth inter
osscons nserts nto the ulnar side of the extensor apparatus of
the ning finger Thus the dorsal mterosser abduct the index and
ring fingers away from the midhine and move the middle finger
n a lateral and medial direction

Fyler and Markee ® studied the sertions of the dorsal nter
osser and found that their tendons pass directly over the axis of
rotation of the metacarpophalangeal joint to mscrt nto the base
of the proximal phalinx or lateral band of the extensor apparatus
The first dorsal interosseous mserts into bone 1 100 per cent
of cases, second 60 per cent third 6 per cent and fourth 40 per
cent. The remainder of each muscle mserts mnto the lateral band

DORSAL CARPAL LIG
i
EXT CARPI RADIALIS

EXT GARPI ULNARIS —25
ABD DIGITI QUINTI~—{0) p ABD POLL LONGUS

DORSAL INTEROSSEI(

Figure 7 Domal view of hand showing the donal interoner muscles.
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The three volar interosses have as one of theirr main functions
adduction of the fingers toward the middle finger Consequently
the first interosscous arises from the ulnar side of the second
metacarpal bone and inserts into the same side of the extensor
mechanism of the index finger: the second arises from the radial
side of the fourth metacarpal bone and nserts into the radial side
of the base of the extensor apparatus of the ring finger the third
anses 1n a similar manner from the radial side of the fifth meta
carpal and inserts into the same side of the little finger (Fig 6)
Eyler and Markee " found that the tendons of the volar interosset

FL. DIG PROFUNDUS

FL CARPIULNARIS

HYPOTHENAR
MUSCLES
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INTERMETACARPAL
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Figure 8 Volar view of hand showing lumbrical muscles aring from
the flexor profundus digitorum.



Anatomy 19

pass below the ax1s of rotition of the mctacarpuph'll:mg(‘:ll jmnt
and msert primanly into the lateral bands with only mwnor mser
tions onto the bases of the proxint phalanges

There are usually four lumbrical muscles ansing from the
radial side of the tendons of the flexor digitorum profundus
(Fig 8) The tiurd and fourth lumbricals may 1nse from contig
wous tendons Each lumbrical muscle passes along the radal side
of the corresponding finger volar to the intermetacirpal hgament
and inserts 1nto the extensor apparatus The attachment of the
lumbncals to the {levor digitorum profundus 15 a firm one \ot
only does the lumbnical flex the metacarpophalangeal joint and
help extend the o distal joints of the finger but 1t also draws
the flevor tendon distally The classical arrangement of the four
lumbncals passing to the radial side of the finger 15 present 1n
only 39 per cent of the cases n a recent study by Sunderland ® The
first and second lumbncals rarcly vary The third lumbrical may
have a double nsertion onto the radial side of the ning finger
and the ulnar side of the middle finger or an msertion mto the
ulnar side of the middle finger The fourth lumbrical may spht
and nsert 1nto the ulnar side of the ring and rachal side of the
little finger or 1t may wisert solely wito the ring finger Sunder
land ** beheves that the lumbnical muscles produce some degree
of rotation 1n the radial direction of the metacarpophalangeal
joint of the fingers to wlich they msert The first and second
Jumbncals are supphed by the median nerve and the thurd and
fourth by the ulnar nene

The extrinsic flexor muscles of the band are dinided mto
superficial and deep groups The superficial group consists of
the pronator teres flexor carpi radiahs palmans longus flexor
carpt ulnans and flexor digitorum sublimus These muscles ongl
nate at the medial epicondyle of the humerus The pronator teres
(median nerve) rises from two heads the humeral from the com
mon origin of the other muscles of the superficial group and the
ulnar head from the coronotd process of the ulna The median
nerve enters the forearm between the two heads of this muscle
After crossing the forearm tlns muscle mserts nto the middle of
the lateral surface of the body of the radius The flexor carps
radiahis (median nerve) pases down the forearm and nserts into
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the base of the second memrcarpal bone after passing over the
tuberosity of the navicular and grooving the greater multangular
bone

The palmans longus (median n) anses with the other super
fictal flexors of the forearm and nserts into the transierse carpal
ligament and palmar aponeurosis This muscle 1s apt to be mussing
George " found 1t to be present bilaterally in 78.3 per cent of
276 cadavers. It was present 1n the nght side only 1n 6 1 per cent
the left side only 6 9 per cent, absent on both sides 87 per cent
In other words the palmans longus was absent m 15 2 per cent
of 552 limbs Occasionally this muscle sends a small tendon to
the short muscles of the thumb

The flexor carps ulnarss (ulnar n.) anses by two heads one
from the medial condyle of the humerus and the other from the
med:al aspect of the olecranon and ulna The ulnar nerve passes
wmnto the forearm through these two heads This muscle continues
down the ulpar border of the forearm and 1ts tendon inserts
through the pisiform bone 1nto the hamate and fifth metacarpal
by way of the piso-hamate and piso-metacarpal ligaments.

The flexor digitorum sublimis (median n) arses from the
med:al epicondyle of the humerus the medial aspect of the coro-
noid process and the oblique line of the radius separating 1t 1nto
two portions a superficial and deep The superficaal portion gives
nse to two tendons for the middle and ning fingers and the deep
portion gives off two tendons for the index and little fingers
The four tendons keep thus arrangement as they pass under the
transverse carpal ligament from whence they diverge to nsert
mnto the fingers. At approxumately the base of the first phalanx
cach tendon splits to allow passage of the profundus tendon
reumting dorsally to insert into the muddle phalanx As the fibers
reunite they form the chiasm of Camper (Fig 9)

The deep group of forearm flexors consist of the pronator
quadratus, the flexor digitorum profundus and the flexor pollicis
longus. The flexor digitorum profundus arnses from the upper
two-thirds of the ulna and interosseous membrane. It passes down
the forearm as a tendon sheet which separates 1nto four tendons
Each pmfundus tendon passes through the perforation mn the
sublimis tendon to 1s msertion to the distal phalank
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(Fig 9) The fNexor digitorum profundus tendon to the index
finger usually sphits from the common tendon mass at a higher
level than the rest of the tendons and as a consequence has more
frecedom of motion (Fig 8) Since the tinrd fourth and fifth fingers
usually anse from the common tendon mass more distally than
the index finger there 1s less indimadual profundus motion in
these fingers. The tendons to the index and middle fingers are
supphied by the median nenve 1nd the tendons to the ring and
hittde fingers by the ulnar nene

Wilkinson 13 studied the insertions of these tendons into the
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Figure 9 Volar view of hand showi
and profundus tendons.
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finger and found that the tendon fibers consist of two portipns
superficial and deep The superficial tendon fibers pass to lateral
insertions 1n the terminal phalanx and the deep tendon fibers
pass to mote central and distal isertons

The flexor pollicts longus (median n) anses from the upper
tuwo-thirds of the body of the radius and adjacent mterosseous
membrane Its tendon passes beneath the transverse carpal Liga
ment and dnerges radially along the digual tunnel of the
thumb to 1nsert into the base of the distal phalanx (Fig 8) In
this regard, Wilkinson * finds that the thumb has a shghtly
different arrangement of fibers than the other fingers The super
ficial tendon fibers pass to the central and more distal insertions
whereas the deep tendon fibers possess lateral insertions This 1s
completely oppostte to the arrangement of the profundus tendon
fibers 1 the fingers He also finds a vesugial tendon present 1n
about 28 per cent of the flexor pollias tendon sheaths examined
These are discrete ghstening, 1ntra vaginal tendons which fuse
with the synovial membrane on either side of the long tendon
opposite the metacarpophalangeal jomnt and usually insert as a
single slender tendon mto the ulnar part of the volar aspect of
the palmar hgament of the interphalangeal joint This 15 the
so-called polliceal perforatus tendon

The extensor muscles of the forearm stmilarly may be divided
mnto a superficial and deep group The superficial (radial n)
consists of the brachioradiahs extensor carpi radiahis longus and
brevis extensor dlgltorum communis extensor dlg‘ltl qulntl pro-
prius and extensor carpa ulnanis The brachioradialis anses from
the upper two-thirds of the lateral supracondylar ndge of the
humerus and the lateral mtermuscular septum and continues
distally in the forearm as 2 flat tendon which inserts into the
radizl styloid process The extensor carpt radialis longus ongnates
from the lower third of the lateral supracondylar ndge of the
humerus and mtermuscular septum and contunues down the fore
arm to become a flat tendon which inserts into the base of the
second metacarpal The extensor carp: radialis brewis arises from
the lateral epicondyle of the humerus and the radial collateral
ligament of the clbow and passes down the forearm to msert 1nto
the stylod process of the third metacarpal bone The extensor
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digitorum communts anses from the Iateral epicondyle of the
humerus and mtermuscular septum and passes down the forecarm
to split nto four tendons which insert mto the bases of the mddle
phrlanges (Fig 10) The extensor digii quinty propmns anses n
conjunction with the common cxtensor tendon passes down the
forearm to nsert alongside the common extensor tendon of the
fifth finger The extensor digitt quintt proprius usially divides in
two as 1t crosses the back of the hand The extensor carfn ulnans
anses from the lateral epicondyle of the humerus from the dorsal
border of the ulna and deep fascia of the forearm and passes down
the forearm to tnsert into the base of the fifth metwcarpal bone
As the extensor tendons to the fingers reach the metacarpo-
phalangeal jomts they usually are attached by interlacing tendin
ous shps called vincula  (Fig 10) Leshe 3 studied the arrange

EXT DIG QUINTI PROP
EXT INDICIS PROP

Figure 10 Extensor tendons of fingers.
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finger and found that the tendon fibers consist of two portipns
superficial and deep The superfictal tendon fibers pass to lateral
insertions 1n the terminal phalanx and the deep tendon fibers
pass to mote central and distal 1nscrtions

The flexor pollicis longus (median n) anses from the upper
two-thirds of the body of the radius and adjacent interosseous
membrane Its tendon passes benecath the transverse carpal hga
ment and diverges radially along the digital tunnel of the
thumb to insert nto the base of the distal phalanx (Fig 8) In
thus regard Wilkinson *? finds that the thumb has a shghtly
different arrangement of fibers than the other fingers The super
ficral tendon fibers pass to the central and more distal insertiont
whereas the deep tendon fibers possess lateral msertions This 18
completely opposite to the arrangement of the profundus tendon
fibers 1n the fingers He also finds a vesuigial tendon present 1n
about 28 per cent of the flexor pollicis tendon sheaths examined
These are discrete ghstening 1ntra vaginal tendons which fuse
with the synovial membrane on etther side of the long tendon
opposite the metacarpophalangeal joint and usually insert as a
single slender tendon 1nto the ulnar part of the volar aspect of
the palmar higament of the mnterphalangeal jomt. This 1s the
so-called polliceal perforatus tendon

The extensor muscles of the forearm simularly may be divided
mto a superficial and deep group The superficial (radial n)
consists of the brachioradialis extensor carp: radiahis longus and
brevis extensor digitorum communis extensor digiti quintt pro-
prius and extensor carpt ulnans The brachioradialis anses from
the upper two-thirds of the lateral supracondylar ndge of the
humerus and the lateral mtermuscular septum and continues
distally 1n the forearm as a flat tendon which inserts into the
radial styloid process The extensor carpr radialis longus originates
from the lower third of the lateral supracondylar nidge of the
humerus and intermuscular septum and conunues down the fore
arm to become a flat tendon which inserts into the base of the
second metacarpal The extensor carpr radialis brevis arises from
the lateral epicondyle of the humerus and the rad:al collateral
ligament of the elbow and passes down the forearm to mnsert into
the styloid process of the third metacarpal bone The extensor
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separited from the extensor carpt radahs brevis by Iisters
tuberele around which 1t passes to proceed to the terminal phalanx
of the thumb The extensor indiais profnius anses from the ulna
and nterosseous membrane distal to the extensor pollicis longus
and passes under the dorsal carpal higament mn the same compart
ment with the extensor digitorum communts to join the ulnar
stde of the tendon of the extensor digitorum communis to the
index finger

Gantrol 8ond  Arciform Fibres

Lotero! Bond Lumbrical

Metocorpol Lig

Figure 11 Extensor ap
paratus of fingens, (a) g
vlew in cxtennon (¢) lateral view In nndou,() oral view (b) latera)
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ment of the vincula and found a common recurring pattern
The commumicating slips pass obliquely and radially and those
arusmg from the ulnar tendons are stronger and thicker than
those from the radial ones The shp joimng the ning finger with
the fifth pulls the tendon of the fifth from 1ts usual course so
that 1t lies close to the tendon of the ning finger Consequently
one of the tendons of the extensor digii quintt proprius may
be confused with the extensor commums to the fifth finger Ths
bifid arrangement of the extensor digin quint was found mn 112
of 127 cases with numerous varmations 1n the remainder such
as single or triple

The deep extensor muscles (deep radral n) consist of the
abductor pollicis longus extensor polhicis longus and brevis, and
the extensor indicas propnus The abductor pollicis longus anses
Just below the supinator muscle from the ulnar interossecus mem
brane and radius It passes obliquely downward and ends in a
tendon which crosses over the extensor carpi radialis longus and
brevis to 1nsert mnto the radial aspect of the base of the first
metacarpal There 1s great vamatuon in this tendons isertion
For example Coleman et al ¥ found 1n a study of 175 specimens
that the most common 1nsertions were as follows 1nto base of
first metacarpal and greater mulmngular 56 per cent, into first
metacarpal alone 16 7 per cent into first metacarpal with adda
tonal attachment to abductor pollicis brevis 149 per cent The
remaimng variations were numerous and included accessory ten
don slips to the opponens pollicis and the volar carpal ligament.
This high percentage of aberrant tendmnous msertions (83 per
cent) 15 1n agreement with most other studies?® The extensor
polhcis brevis anses just below the previous muscles from the
radius and 1nterosseous membrane passes distally through the
abductor groove on the lateral lower thuird of the radms and
inserts into the base of the first phalanx of the thumb Rarely
this tendon may give off a tendinous ship to the base of the first
metacarpal bone* Occasionally 1t passes over the radial head
in an osteo-fibrous groove separate from the abductor pollicss
longus The extensor pollicis longus anses just distal to the abduc
tor pollicis longus from the ulna and interosseous membrane and
courses down the forearm to the end of the radius where 1t 15
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Flesion of the distal mterphalngeal joints places tension on the
tateral bands whach 1s nanswitied through these obhique fibers
to the proatmil phalanx  thereby flexing the proxnnal anter
phalangeal jomt Sumultancowly flevion of the proximl mter
phalangeal jomt pulls the dorsal hood distally thus preventing
the lateral bands from extendmg the distal jomt Tins lateer
mechantsm cxplams the well known fact that flevion of the
pronimal interphalangel jomt prevents actine extension of the
distal jomnt

There has been much debate regarding the exact function of
the cxtensor apparatus As a rule the mterosser and Jumbrnicals
flex the metacarpophalangeal jomnt and extend the two distal
jomts The extensor tendon extends the distal and middle inter
phalangeal jomnts only when the metacarpophalangeal jomnt 1s
tlexed Extension of the mctacarpophalangeal jomnt shifts the
dorsal aponeurosis proximally slackens the araform fibers and
permuts the intninsic muscles to extend the mterphalangeal jonts
(Fig 11b) Simultancously the lumbncal muscle pulls the pro-
fundus tendon distally thereby nullifying its opposing effect
Flexion of the metacarpophalangeal joint shifts the domal hood
distally relaxes the central tendon s attachment to the proximal
phalanx and permats 1ts full pliy on the muddle phalanx and on
the lateral bands by way of the arciform fibers (Fig 1lc) In
addition this position places the nterosser and lumbricals at poor
mechanical advantage so that they cannot function properly
Backliouse and Catton ' made an nteresting electromyographic
study of lumbnel muscle function and found that ns principle
action 1s extension of the mterphalangeal joints When the inter
phalangeal jomts are held m extension 1t 1s a weak metacarpo-
phalangeal flexor which appears to have no effect on radial
deviation or rotation of a finger

FASCIA

The superficial fascia of the hand consists of two layers an
outer fatty layer and an inner layer of farly umiform thickness
These layers are continuous on the dorsal and ventral surfaces
and form a glove like covening for the hand The outer layer
vanes m thickness forming fat pads over the thenar and hypo-
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The insertions of the interasser lumbricals and extensor tendons
mto the fingers form a complex structure known as the extensor
or domal apparatus of the finger which has Dbeen studied by
many anatomnists * %21 Generally the extensor communis tendon
at the distal end of the proximal phalanx splits into three com
ponents a central band and two lateral bands (Fig 1la) The
central band tnserts mto the proximal portion of the middle
phalanx and reinforces the dorsal capsule of the proximal imnter
phalangeal joint The lateral bands pass over the lateral surface
of the proximal mterphalangeal jomnt and converge over the
middle phalanx to form another central tendon which inserts into
the proximal portion of the distal phalanx after rewnforang the
dorsal aspect of the distal interphalangeal jomt The 1nterosser
and lumbrical tendons pass on either side of the metacarpo-
phalangeal joints to unite with the lateral bands of the extensor
commumnis tendon and continue with these to nsert into the
distal phalanx

A thin layer of fascia extends 1n an arciform manner from the
extensor commums tendon to the interosscous and lumbncal
tendons 1n the region of the metacarpophalangeal joints giving
this structure the appearance of a hood There 15 a ghiding attach
ment of the central tendon to the dorsal capsule of the metacarpo-
phalangeal jomnt and to the proximal phalanx which on hyper
extension of the metacarpophalangeal joint prevents the central
tendon from extending the proximal interphalangeal joint.

The extensor apparatus of the fingers 1s bound 1n two locations
to the retinacular tusue on the ventral surface of the finger m
order to prevent lateral displacement. Over the metacarpo-
phalangeal jomnt there 1s thin fascia which attaches the extensor
hood to the strands of the palmar fascia and to the transvene
metacarpal ligament. Over the proximal interphalangeal joints
a thin layer of fascia proceeds to the underlying flexor digital
tunnel Landsmeer 7 studied this lateral attachment over the
proximal interphalangeal jont and found that in additon to
a transverse layer extending from the extensor apparatus into the
flexor tendon sheath there 15 an oblique group of fibers passing
from the lateral bands 1nto the lateral border of the proximal
phalanx A similar set of fibers has been studied by Haines ®
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The palmar aponcurosis posscsses transserse fibers which lacc
the pretendinous bands together wnd end over the metacarpo-
phalangeal joints to form the superficial transverse hgament
The aponeurosis 1s firmly attachied to the bony framework of
the hand by anchonng fibers wiich anse from the undersurface
of the palmar aponcurosis and pass on cither side of the flexor
tendons of cach finger forming eight separate groups of fibers
which fuse with the interosscous fascra (Fig 13) The septa to
the index finger and to the lateral side of the middle finger are
shorter than the other groups since they untte with the interosscous
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thenar emmnences and volar surfaces of the web spaces. It 1s
practically non-exustent n the central portion of the palm The
inner layer which contains the cutancous nerves and vessels, 13
separated from the deep fascia by an areolar cleavage plane most
marked on the dorsum of the hand and absent m the central palm.

The decp fascaa similarly consists of two layers which invest
the bones and interosseous muscles and form compartments
traversed by the extrinsic hand tendons The outer layer 13 usually
the external walls of such compartments and the inner layer in
vests the bones and adjacent intrinsic musculature In areas devoid
of moving extninsic tendons (thenar and hypothenar areas or first
dorsal interosscous muscle) these layers fuse to form a single
lamma The decp fascia may be dusected free of the underlying
interosseous fascta wlich 1s actually a penmysium When the deep
layer passes over exposed periosteum 1t usually becomes fused to
it thereby prevenung shding parts from becoming laterally dis-
placed during movement of the hand and fingers.

The outer layer of the deep fasca of the flexor surface of the
hand 15 modafied to form the transverse and volar carpal higaments
and the palmar fasia whereas the mner layer forms the inter
osscous and metacarpal fascia, the transverse intermetacarpal
higament and the digital flexor tunnels.

The volar carpal igament invests the flexor tendons 1n the dustal
part of the forearm as they enter the wrist (Fig 6) The trans
verse carpal higament 13 a strong fibrous band which extends from
the pisiform and hook of the hamate bone to the tuberosity of the
navicular and the ridge of the greater multangular bones. The
edge of this structure 1s quite disinct proxumally Distally at
merges 1nto the palmar fascia (Fig 6)

The palmar fascia or aponeurosis 15 a tnangular layer of fascia
its apex conunuous with the transverse carpal higament where
1t may unete with the palmans longus (Fig 12) The palmar
fascia blends medially and laterally with the fascia over the thenar
and hypothenar eminences and fans out over the heads of the
metacarpals. The portion of fascia over each underlying tendon 1s
thickened and 1s called the pretendinous band.

Each pretendinous band gives off superficial fibers to the shin
of the palm and blends with the superficial fascia of the fingers
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The palmar aponeurosis possesses transverse fibers which lace
the pretendinous bands together and end over the metacarpo
phalangeal jomnts to form the superfical transverse ligament
The aponeurosis 1s firmly attached to the bony framework of
the hand by anchoning fibers which anse from the undersurface
of the palmar aponcurosis ind pass on aither side of the flexor
tendons of cach linger forming cight separate groups of Nibers
which fuse with the mterosscous fascia (Fig 13) The septa to
the index finger and to the lateral side of the middle finger are
shorter than the other groups since they unite with the interosseous
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fascaa beyond the distal border of the adductor pollicis trans-
versus ‘The most medial septa 1s the longest and attaches to the
fifth metacarpal bone as far proximally as the hook of the hamate
and separates the fourth volar interosscous muscle from the
opponens digitn mimmt This has been called the internal
ntermuscular septum  Proxumally the septa present sharp cres-
centic borders and distally they end along side the fibrous digital
sheath and blend with the transverse metacarpal hgaments and
the penosteum of the proximal phalanges. Thus the tendons of
the muddle ming and htile fingers are held firmly 1n place as
they traverse the palm untl they reach their appropnate fibrous
digital sheath Jamieson 3 believes that this increase 1 connective
ussue septa along the fourth and fifth fingers explains the greater
incidence of Dupuytren s contracture 1n these fingers

There 15 another layer of transierse fibers distal to the palmar
aponeurosis which spans the web spaces of the fingers known as
the natatory higaments (Fig 12)

The deep transverse metacarpal higament 15 a continuous band
of fascia which extends from the fifth finger to the index finger
across the heads of the second third fourth and fifth metacarpals
(Fig 6) It blends with the volar or palmar plates of the meta
carpophalangeal articulatons where 1ts surface 1s grooved by the
tlexor tendons that pass over 1t

The fibrous tendon or digual sheaths of the flexor tendons of
the tingers and thumb consist of fibrous tunnels from the head of
the metacarpal bones to the distal phalanges (Fig 9) These canals
are adherent to the head of the metacarpal the proximal and
mddle phalanx, and the proximal portion of the distal phalanx of
the hingers and thumb The sheaths are very strong over the mid
dle and proximal phalanges of the fingers and the proximal
phalanx ot the thumb but are much thinner oppostte the jounts

The deep fasaa of the dorsum of the hand has been studied
by Anson et al* who found that the outer layer 15 conunuous
with the antibrachial fascia and 15 modified over the wnst to form
the dorsal carpal igament On either side of the hand 1t becomes
fused with the second and fifth metacarpals 1n conjunction with
the mnner layer forming a compartment through which the ex
tensor tendons can move freely Diseally 1t fuses with the capsules
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of the metacarpophalingeal joints md adjacent periosteum The
wnner layer mnests the underlymg crpal and metiearpal bones
and interosscous muscles Tt fuses Interally and medhally with the
outer Iyer along the second and (ifth metacarpals and these hyers
continue 1 onc aver the fimt dorsal nterosscous nd abductor

digin quinti
TENDON SHEATHS

The tendon sheaths of the index muddle and ring hingers
extend from the sertion of the flevor profundus tendon n the
distal phalany to approximately the mud palmar crease (Fig 13)
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The tendon sheath of the fifth finger extends from the insertion
of the profundus tendon 1n the distal phalanx to the wrist under
the carpal tunnel The portion of this tendon sheath in the palm
35 called the ulnar bursa  This enlarges to invest the flexor
tendons to the fingers and 1s arranged 1n three commumicating
compartments the superficial anterior!to the tendons of the
flexor subhimus the middle between the tendons of the sublimis
and profundus the posterior domal to the tendons of the flexor
profundus The lumbncal muscles are outside of the ulnar bursa
The tendon sheath of the thumb begins at the insertion of the
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Figure 14 Usua! pattern of dorsal tendon sheaths.
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ficxor polhas longus tendon w the distal phlanx and extends
nto the wrist through the cuwpal camal The extension of this
tendon sheath mto the palm 15 called the  radial buma Tl
armrangement of tendon sheaths of the flexor tendony s present in
approxsmately 70 per cont of mestigited cases ™ In 17 per cent
of the scnies the tendon sheath of the fifth finger does not com
municte with the ulnar bursa In a small percentage of cases the
tendon sheaths of the index nuddle or ring hingers communicate
with the ulnar bunsa and occasionally all these tendon sheaths
are connected with the ulnar bursa This vanauon i tendon
sheath anatomy may well explam the occasional chimical cases 1n
which infection from a tendon sheath of one finger spreads to a
tendon sheath of an adjacent finger =

There are usually six dorsal tendon sheaths which contain the
following extensor tendons as they pass under the dorsal carpal liga
ment the abductor pollicis longus and extensor pollicis brevis the
extensor carpt radialis Jongus and brevis the extensor polhias
longus the extensor digitorum communis and extensor indics
propius the extensor digiti quinti proprius the extensor carpi
ulnanis (Fig 14) Rarely when the extensor pollias brevis and
abductor pollias longus cross the radsal styloid 1n separate grooves
each has a separate tendon sheath

NERVES

The median nerve enters the forearm between the heads of the
pronator teres and passes beneath the flexor digitorum sublimus to
the lower third of the forearm where 1t becomes superficral lying
under the radial aspect of the palmans longus The muscles sup-
plied by the median nerve 1n the forearm are the pronator teres
the flexor carp: radiahs the palmans longus the flexor digitorum
subltmus  the flexor polhicts longus and the second and third
flexor pollicis profundus tendons This nene passes underneath
the transverse carpal ligament to enter the palm of the hand
where 1t splits into two portions a medial and lateral division
(Fig 15) The lateral portion supplies a small branch to the
muscles of the thumb 1e  the abductor brevis the opponens the
superficial head of the flexor brevis and the fimt and second
lumbnicals It then divides into the three proper digital nerves



34 The Hand Its Anatomy and Diseases

two of which supply the thumb and the third the radial side of
the index finger The medial portion of the nerve divides into
two common volar nerves which pass to the second and third
web spaces where they divide into the proper digital nerves for
the adjacent sides of the approprnate fingers

The median nerve supplies sensanon to the palmar aspect of
the hand on a hne bisecting the ning finger On the dorsal surface
of the hand 1t supplies the dorsal surface of the distal phalanx
of the thumb index, middle and radial half of the ming finger
A palmar branch leaves the median nerve m the lower third of
the forearm to pierce the volar carpal igament and supply the skin
over the ball of the thumb and proximal portion of the palm

The ulnar nerve enters the elbow from behind the medial
epicondyle of the humerus passes between the two heads of the
flexor carp1 ulnans and descends under the cover of this muscie
to the wrist. In the forearm 1t supplies the flexor carpi ulnans and
the flexor digitorum profundus to the fourth and fifth fingers and
gives off a dorsal branch which supplies the dorsum of the hand
medial to a hine bsectmg the nng finger The mam body of
the nerve crosses the transierse carpal Ligament just radial to
the pisiform bone and divides into a superficial and deep branch
The superficial branch becomes the proper volar digital branch
of the ulnar side of the fifth finger and the common volar digatal
branch which supplies the adjacent areas of the fourth and fifth
fingers The deep branch passes between the abductor digatt quinty
and flexor digin quint1 brewvis perforanng the opponens digit:
quintt muscle at 1ts insertion to pass to the dorsal surface of the
palm supplying the muscles of the hypothenar eminence the
seven interossel the lumbricals to the fourth and fifth fingers
and the adductor pollicis (Fig 15b)

Anomalous motor wnervation of the vanous muscles m the
hand by the ulnar and median nerve may take place Rowntree ™
found that the innervation of the intrinsic muscles as usually
described 15 present 1n only 15 5 per cent of 226 cases In 32 per
cent, the flexor brevis pollicis was solely supplied by the ulnar
nerve In 33 per cent, both heads were supplied completely by the
median nene Other outstanding anomalies were as follows
all the thenar muscles supplied by the ulnar nemve mn 2 per
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cent the thenar nd adductor polhas muscles supphied by the
medin nene m 2 per cent the thenmr musles icluding the
adductor polhiers wd Hist domal mteiosscons supphied by the
median nerve n 1 per cent

Murphey ef al ¥ similuly found anomalous mneninon In
four cases of 698 ulnr nerve mypunies the hirst domal mterosseous
was found to be innented by the medimn nerve In two cases the
flevor polhicts brevis had an aomalows innervation  In one case
the abductor mumimt digtts was supphed by the median nenve and
m another the opponens potlicss was supplied by the ulnar nene

a b

{
MEDIAN N ULNAR N
Medral Branch >
Lateral Branch B INS
A\ Superfreral 8 Desp Bronches
of Ulnar Nerve

Figure 15 (a) Medun and Ulnar nerve distribution on volar surface
of hand (b) Divison of ulnar nerve mnto deep and superfiaal branches
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hang @ found that 1n the case of a complete ulnar palsy there
was some strength 1n the abductor digiti quint,

Bjorkesten * studied the prinaple vanations of innervauon and
found three different groups the long finger flexors the thenar
muscles and the interosser and lumbrnicals All the long finger
flexors may be innervated by the median nerve and the ulnar
nerve may supply the deep flexors of the muddle finger or even
the index finger He quotes Highet 5, investigation of the thenar
muscles where twenty complete median nerve lesions were studied

ULNARN
{ Dorsal bronch )

Branchas from Medran N
Figure 16. Dorml distribution of nerves of hand.
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and 1t was found that the ulnar nene mnervated the flexor pollicss
brevis 1 no less than sixteen cases the opponens pollicis i four
teen and the abductor pollias brevis m two The interosser and
lumbncals offer 1 great degree of vartion nd when studying
152 cases of ulnar palsy he clasufied the lesions into vanous
types as follows

Type 0  All lumbnicales supplicd by the mudian nenve (79)
Type 1 Lumbrnicale 1V supplied by ulnar neve (109,)
Type 11 Tumbncale HI-1V supphed by ulnar nemve (119)
Type I Lumbricale 1-1V supplied by ulnar nene (219.)

It 1s possible that these anomalous mnervauons to the intnnsic
muscles are not due solely to anomalous nseruions of nenes but
may be due to communications between the median and ulnar
nerve 1n the forearm ¥

RADIAL A.

Drgital Branches

Figure 17 Volar distribution of arteries in the hand.



38 The Hand Its Anatomy and Diseases

The radial nerve enters the forearm between the brachralis and
brachioradialis muscles just anterior to the lateral epicondyle of
the humerus and then divides into the superficial and deep
branches The superficial branch passes underneath the brachi
oradialis to descend to the wnst where 1t pierces the deep fascia
and supplies sensation to the dorsum of the hand (Fig 16) The
deep branch of the radial nerve winds between the planes of the
supinator muscle and passes down the forearm as the dorsal inter
osseous nenve supplymg the extensors of the thumb and index
finger The brachioradialis long extensors of the fingers extensor
carpt radials longus and brevis extensor digin quinti and ex
tensor carpt ulnans are supphed by the radial nerve 1n the arm

BLOOD VESSELS

The brachial artery passes into the forearm under the lacertus
fibrosis 1n the groove formed by the brachioradialis and pronator
teres where 1t divides into the radial and ulnar artery The radial
artery passes under the brachioradials for a short distance and 1n
the region of the wrst 15 quute superficial covered only by shin
and fasaa It winds around the radial surface of the wrst beneath
the tendons of the abductor pollicis longus and extensor pollicis
longus and brevis to pass between the two heads of the first dorsal
interosscous muscle mto the palm of the hand and crosses the
metacarpal bones to unite with the deep branch of the ulnar artery
thus forming the deep volar arch (Fig 17) Just above the wrist
1t gives off the superficial volar branch which passes forward over
the muscles of the ball of the thumb and anastomoses with the
end of the ulnar artery forming the superficial volar arch which
lies between the palmar fascia and the flexor digitorum sublimis
tendon The uinar artery passes under the median nerve and
flexor digitorum sublimis and descends to the wnst under the
flexor carpr ulnans muscle It becomes quite superfical mn the
lower third of the forearm and lies between the flexor carp:
ulnans tendon and the flexor digitorum sublimis It crosses over
the transverse carpal ligament and curves to meet the superfiial
volar branch of the radial artery to form the superficial volar
arch Just beyond the pisiform bone 1t gives nse to the deep
volar branch which passes with the deep branch of the ulnar
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nene to 1each the volar sutfice of the meticarpils and anstomose
with the radinl artery forming the deep volar arch The superficil
volar arch gives off cammon volar digital arternies which pass to
the web spaces of the hingers to divide mto the proper volar
digutal artenes for the index middle nng and little fingers The
deep volar arch guves ofl the frncefrs pollicis from the mdial side
of the arch just as the radinl artery passes through the first dorsal
iterosscous muscle Tlus passes between the hirst dorsal inter
mscous nd the adductor pollicis along the ulnir side of the first
metacarpal bone to the base of the first phalanx where 1t divides
nto two branches which supply the volar surfice of the distal half
of the thumb Just ulnar to this the 1adialts tndicts artery 15 ginven
off winch runs along the racdial side of the mdex finger to 1ts
extremity From the remainder of the deep volar arch are ginven

DORSAL
INTEROSSEQUS A

DORSAL RADIAL A.

ULNAR CARPAL A —» DORSAL RADIAL CARPAL A
Perforoting branches
1o Volar Inferosseous

DORSAL i 13t DORSAL
METACARPAL AA. vy f ETACARPAL A

DORSAL DIGITAL AA

Figure 18 Dormal distribution of the arteries in the hand
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off the three volar metacarpal artertes which pass along the nter
osseous muscles (o the clefts of the finger where they anastomose
with the common digrtal branches of the superficial volar arch.

The dorsum of the hand 15 supplied by a doral arch formed
by branches from the radial and ulpar artenes called the donat}
ulnar carpal and dorsal radial carpal arteres  which amastomose
and gue off dersal metacarpal artentes (Fig 18) These run 10
the metacarpal interspaces as common digital branches for adp
cent surfaces of the index muddle ning and Hutle fingers. Just
as the radial artery plunges through the snuff box to supply the
palm of the hand 1t gives off the first dorsal metacarpel which
supplies the adjacent sides of the thumb and index fingers. The
dorsal arch also 1s supplied by a longitudinal branch comng from
the dorsum of the forearm as a connnuation of the dorsal wnter
osseous artery and a dorsal branch of the volar interosscous 21tery

The blood supply of the tendons 1s relanively sparse. Ontnde the
tendon sheaths 1t armives from the musculotendinous yunciof
and from the loosc paratenon Inside the tendon sheaths, 1t come
from the tendon insertions and from pownts of reflection of the
synovial sheath on to the tendons at the proximal and dustal ends
of the sheaths The vessels within the tendon lse m che mter
fasaicular conpectve tissue parallel with the collagen bundles
and connect through transverse branches Only wn the flexor
digiiorum profundus tendon at the level of the proxumal and dista!
interphalangeal joints are there verucal vascular leops Brockis™
believes this may be related to the fact thae this tendon 1s flexed
to a greater degree than others at these pornts and that this arrange
ment prevents vascular obstruction No blood vessels are present
within the collagen bundles

Conway and Stark,® studied the artenal vasculanization of the
skin of the hand and found three distinct zones of abundant
vasculanty in the thenar and hypothenar areas and the soft tissues
of the palm distal to the palmar flexion creases. The central area
of the palm contams a tnangular rone which has poor blood
supply a fact which may explamn poor heahng or necrosis when
such slan 13 undermined
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LAMPHATICS

The superfiaal collectng lymphatiss of the fingers continue
laterally to the base of the fingers where they pass through the
terdigital cleft to reach the dorsum of the hand ** The lymphauc
trunks of the palm pass 1n four directions infeniorly nto the web
space of the finger to ascend on the dorsum of the hand laterally
and medially around the border of the hand to unite with the
lymphaucs on the dorsum of the hand superiorly toward the
antenor surface of the forearm

The collecting trunks of the dorsum of the hand continue up-
ward along the postenor surface of the forearm and incline toward
their adjacent borders of the forearm just above the wnst. The
lateral and medal collectng trunks tum around their adjacent
borders of the forearm and conunue up the arm alongside the
anterior collecting trunks to termmnate in the axillary nodes n
the axillary vein group and in the central group A few of the
fateral collecting trunks in the upper part of the arm course along
the cephalic vern and delto-pectoral sulcus to termmate in the
subclavicular or supraclavicular nodes

The deep Iymphaties begin 1 the fingers contunue along the
digrtal vessels and course along the posterior mterosseous and
palmar arches up the forearm accompanying the large vessels
such as the ulnar radial antenor and postertor mterosser Each
of these blood vessels 1s accompanied by two lymph trunks which
anastomose frequently

In the arm these vessels course along the brachial and radial
artenes and terminate 1 the axillary lymph nodes chiefly in the
axillary vern group and the central group

FLEXION CREASES

In areas where there 1s flexion of the joints of the fingers, the
skin superficial and deep fascia of the hand blend to form flexion
creases (Fig 19) The dustal digutal crease 1s shightly proumal to
the distal interphalangeal jont the middle digital crease often 1s
double and 1s just below the proximal nterphalangeal Jjoint the
proxunal digstal crease hies proxumal to the mid point of the
proximal phalanx There are two transierse palmar creases The
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off the three volar metacarpal arteries which pass along the nter
osseous muscles to the clefts of the finger where they anastomose
with the common digital branches of the superficial volar arch

The dorsum of the hand 1s supphed by a dorsal arch formed
by branches from the radial and ulnar arteries called the dorsal
ulnar carpal and dorsal radial carpal arteries which anastomose
and give off dorsal melacarpal arteries (Fig 18) These run mn
the metacarpal 1nterspaces as common digital branches for adja
cent surfaces of the index, mddle ring and Iittle fingers Just
as the radial artery plunges through the snuff box to supply the
palm of the hand 1t gives off the first dorsal metacarpal which
supplies the adjacent sides of the thumb and index fingers The
dorsal arch also 15 supplied by a longitudinal branch coming from
the dorsum of the forearm as a continuatton of the dorsal inter
osseous artery and a dorsal branch of the volar interosseous artery

The blood supply of the tendons 1s relatively sparse. Outside the
tendon sheaths 1t armves from the musculotendinous junction
and from the loose paratenon Inside the tendon sheaths 1t comes
from the tendon msertions and from points of reflection of the
synoval sheath on to the tendons at the proximal and distal ends
of the sheaths. The vessels within the tendon lie 1n the inter
fascicular connective tissue parallel with the collagen bundles
and connect through transierse branches. Only in the flexor
digitorum profundus tendon at the level of the proximal and dustal
mterphalangeal joints are there vertical vascular loops Brockis ®
believes this may be related to the fact that this tendon 13 flexed
10 a greater degree than others at these points and that this arrange-
ment prevents vascular obstruction No blood vessels are present
withmn the collagen bundles.

Conway and Starl » studied the artenal vascularizauon of the
skin of the hand and found three disunct zones of abundant
vasculanty in the thenar and hypothenar areas and the soft tissues
of the palm distal to the palmar flexion creases. The central area
of the palm contans a trangular zone which has poor blood
supply a fact which may explain poor healing or necrosis when
such shin 15 undermined
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distal palmar crease begins just proximal to the fifth metacarpo-
phalangeal jomnt and extends regularly across the distal poruon
of the palm 1n a somewhat cuned hne ending between the index
and muddle fingers The proximal palmar crease begins on the
radial side of the palm just belhund the metacarpophalangeal joint
of the index finger and extends ulnarly across the palm ending
in the hypothenar eminence There also 1s present a curved
thenat crease which begins with the proxumal palmar crease and
curves around the base of the thenar emnence to lie m the
mudhine between the thenar and hypothenar emmences There
are usually two wnst creases on the flexor surfaces of the wrist
which accurately follow the line of the wnst jomnt.

DISTAL
PALMAR CREASE

PROXIMAL

PALMAR CREASE THENAR CREASE

WRIST CREASES

1
Figure 19 Important flexion creases of the hand



5}

Anatomy 13
RETFERENCLS

hartas L Bo Functional end Surgical Anatomy of the Hand 14 Ed Phila
delphla Lippencott 13

Dxamiy K Co amd Stapatase 8 The ranze of mineinent at the wrist Jolmt
{nat Pec, He 13014 199

Pasrainannt D Ober das aagjremetacepalzelenk des daumens Zisehr Anat
w Lnteicklungs-Ceschichte 113 11621 50 1911 ,0

Joum J Tunther studes of the metacrpo-phal 1 and intcrphal 1
jolnts of the thumb J Anat, 83220220 19]

Roston § B and Hiaas, R W Cracking In the metacarpo-phalangeat jolnt
] Anat, %1 16,173 1917

Hrawy G \. Scamokl bones of the hands amd fect Am § Reentgenol,
61 493,05 1919

Josrrit ] The scamoid bones of the hiand and the time of furion of the
epiphyscs of the thumb J {nat, 75-230-241 1931

Evitx, D L, and VMiarart ] E. The Anatomy and Function of the Intrinsdc
Musculature of the I'ingen | fone & Joint Surg JoA 19 1901

StnoexLanp S. ‘The actions ol the extermor digltorum communis, intcrosscous
and lumbrical muscks. Am ] Anat, 7 189218 190,

Susprreanp 8. Rotaton of the fingers by the lumbrical muwcles. f Anat,
& 167169 19 3

Grozer R Co-inddence of palmaris longus and plantaris muxcles. J A4nat.,
870°1 23 19,3

Wukisson L. The imertions of the flesor pollids lonus et digitorum
profundus J Arat & 8K 1933

Leuur, D R The tendons on the donum of the haml Australian & \ew
Zealand § Surg 32 3236 Aay 194

Cottman $° S Metrrn D K and Anson B | The Insertion of the abductor
pollicis bongus muscle Quart full Northwestern Uk M School °7 117 122
1979

Lacey T Gotosrein LA and Tomin C F.. Anatomical and clinical study of
the varlations in the Invertiom of the abductor pollichs ongus tendon awocl
ated with stenosing tendovaginitis. J Bone & Joint Surg, 334 317 330 191

Bauvdann ] A Vakeur vadatlons et equialencer des muscles extenseurs,
interosscux adducteurs et abducteuns de La maln et du pled, chez | homme
Acta anai, 410-16 191748

Lanosurrx ] M F The anatomy of the domal aponcurosls of the human
finger and 1tx functlonsl dgnificance 4nat Rec, 104 3144 1819






g

1y

Anatomy 43
REFCRENCES

haras | N Junctionel and Suigical 4natomy of the Jland 1ot B0 Phila
delphia Lippemoit 183

Brapy R G and Stamkesan § The vange of movement at the wrist joint
4nat Rec, 18 13%14 1073

Basrninaer Do Obcr das carpo metacarpalzelenk des daumens 7ischr Anat
u Frrwicklungs Gechichte 13 1231 % 191050

Josrt J.. Further stidies of the metacrpo-plial 1 amd interphal |

Joints of the thumb § Anet, $5:220220 101

Rostox ] B and Hanes, R W. Cracking In e metacarpo-phalangeal Jolnt
J Anat, ®11683173 194

Humsy C. A Sevamok! bones of the hands amd feet Am [ Roenlgenol
61 493-303 1019

Jossrti ] The scamoid bones of the hand and the time of fuson of the
eplphyses of the thumb | Anar, 15-230.201 195

Evier, D L. aml \Mararr ] F.. The Anatomny and lunction of the Intrinsc
Musculature of the lingers. § Bone & Joint Surg J64 19 191

Stnpmrianp §  The actiony of the extensor diglitorum communiy, Interovcous
and lumbrical muscles. Am ] Anat, 77 189218 190

Stanmmiaap S Rotatlon of the flngers In the lumbriaa]l muscler, J Anat
€7 167 169 1933

Georer, R.. Co-Incidence of palmarls longus and plantars muscles. J Anat.,
& 21328 1933

Wuxnsoy ] L. The insertions of the flexors pollicl lonsus et digitorum
profundus | Anet 87 o8& 1933

Lestr D R The tendons on the dorsum of the hand Ausiraltan & \em
Zealand J Surg, 3°233-236 May 1834

Corrsan S 5 McAFFE,D R and Ansox B ] The insertion of the abductor

polllas longus muscle Quart Bull Nortlnrestern Univ M School 7 117 122,
1933

Lacry T Gowpsren L A and TopiN C E.. Anatomlieal and clinlaal sudy of
the variations in the insertlons of the abxductor polllds Jongus tendon asoci
ated with stencsing tendotaginitis. J Bone & Joint Surg 334 347 330 19851

Bavwann ] A \akeur variations et equivalences des muscles extenseurs,
interomeux, adducteurs et abducteurs de la main et du pled chez 1 homme
Acta anat 1 10-16 194748

Lanosurrx, | M F.. The anatomy of the dorsal aponeurosls of the human
finger and it functional signihaance 4nat Rec 104 81-44 1449



42 The Hand Its Anatomy and Diseases

distal palmar crease begins just proximal to the fifth metacarpo-
phalangeal jomnt and extends regularly across the distal portion
of the palm 1n & somewhat cuned hne ending bets een the 1ndex
and muddle fingers The proximal palmar crease begins on the
radial side of the palm just behind the metacarpophalangeal joint
of the index finger and extends ulnarly across the palm ending
mn the hypothenar eminence There also 1s present a curved
thenar crease which begins with the proxamal palmar crease and
curves around the base of the thenar emunence to lie 1n the
midline between the thenar and hypothenar eminences There
are usually tho wnst creases on the flexor surfaces of the wrst
which accurately follow the Iine of the wrist joint.

DISTAL
PALMAR CREASE

PROXIMAL

PALMAR CREASE THENAR CREASE

WRIST CREASES

'
Figure 19 Important flexfon creases of the hand.
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Lmlc hasy been added to Lnowlalze of the anbnolozy of the
apper sttty urtee the ddawie wotl of Bandeen and Tewis at
the turn of thiv contuty ' Their work was the mun soutee of
tefetence i the prepation of thi chapter The development of
cach watem will be bcfly dicuned following which the hand
of an s14 week old fotnns waill be dewnibed

ARM BUD

At shghtly oss than thiee weeks of age the site of the future
arm bud m1y be seon as a prohferinon of mesenchymal cells m
the somatoplenre 1t the level of the aghth myotome (hig 20)
Dunng the thnd week the ann bud develops by the growth of
mesenchymal cefls and embiyonie blood vessels and hes opposite
the Oifth cenvacal 1o the it thonae mtesertebnd disks pomting
m a caudal divecnon fhie end of the bud flattens and constric
tons devcdop at the future elbow md wrist sites dunng the fourth
week (Fig 21) At the same ume at bends at the elbow which
pomts lateratly with the pabm lymg agunst the tnnk Dunng
the next two weeks the hand bud seginents mto digits wiale the
entire upper lmb rotates ninety degrees outward nd forward on
the shoulder girdle so that the pre 1aai or radial border 1s dhirected
mward and the flexor surface 15 tumed downward By the eighth
week the hand and arm 1re complete

BONES AND JOINTS

At the 414 week stage the center of the amm bud 13 made up
ot condensed meaenchymal ussue which tahes a deeper stan than
the surrounding nissue: Tlus 13 to be the future sheletal system of
the arm It 1s a continuous mass of cells from the hand to the future
scapula a quadnlateral mass at the level of the fourth ana fifih,
cevical disks (Fag 22)

{45
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CHAPTLR 2
EMBRYOLOGY

Lmlc has been 1dded to knowledge of the embryology of the
upper extremity since the classic work of Bardeen nd Lewss at
the turn of tlns century 12 Thar work was the main source of
reference 1 the preparation of this chapter The development of
each system will be bricfly discussed following which the hand
ol an 814 week old fetus will be desenbed

ARM BUD

At shightly less than three weeks of age the site of the future
arm bud may be scen as a proliferaton of mesenchymal cells in
the somatopleure at the level of the eighth myotome (Fig 20)
Dunng the tird week the arm bud develops by the growth of
mesenchymal cells and embryomic blod vessels and ies opposite
the fifth cervical 1o the first thoracic imntevertebral disks pointing
m a caudal direction The end of the bud flattens and constric
tions develop at the future elbow and wnst sites during the fourth
week (Fig 21) At the same ume 1t bends at the elbow which
points laterally with the palm lying agamnst the trunk Durning
the next two weeks the hand bud segments into digits while the
entire upper himb rotates mnety degrees outward and forward on
the shoulder girdle so that the pre axial or radial border 1s directed
inward and the flexor surface 1s turned downward By the eighth
week the hand and arm are complete

BONES AND JOINTS

At the 414 week stage the center of the arm bud 15 made up
of condensed mesenchymal tissue which takes a deeper stain than
the surrounding tissue This 15 to be the future skeletal system of
thearm Itisa continuous mass of cells from the hand to the future

scapula a quadnlateral mass at the level of the fourth and fifth
cervical disks (Fig 22)

(9]
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By the fifth week cartilage has made 1its appearance in the
various poruons of the arm skeleton The humerus 1s st1ll con
unuous with the scapula and 15 composed of a core of hyaline
cartilage surrounded by very thick perichondnum It 15 continu
ous with the radius and ulna and no evidence of a joint surface
or cavity 1s scen The core of the radius and ulna similarly 1s
womposed of hyaline cartilage surrounded by thich perichon
drnium which continues nto the condensed tissue at either end
of the bone The hand plate 1s conunuous with the distal ends
of the radius and ulna and simularly 1s composed of condensed

Less than 3 wks 3 wks

Figure 20 Crowsection of human embryos of vanous ages demonitrating
arm bud development (after Lews)
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mesenchymal tissue There are several centers of mnereased con
densaton corresponding to vanous crpal bones Extending from
the carpus are five msses of condensed tissue which are the future
tingers with no scgmentation s yet nto the metacirpals and
phalanges

Durning the sixth week the humerus 13 larger and longer but
1s still connected to the scapula by condensed mesenchymal ussue
The thuck penchondrium of the humerus 1s continuous with the
head of the scapula and forms the future capsular higament The

)
4 wks 415 WS

5 wks

Figure 21  Diagrams of human embryos demonstrating the development
of the upper extremity from the fourth to the seventh weck of fetal life
(after Bardeen and Lewis)
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By the fifth week cartilage has made 1ts appearance 1n the
various portions of the arm skeleton The humerus 1s still con
tinuous with the scapula and 18 composed of a core of hyahine
cartilage surrounded by very thick perichondrium It 1s continu
ous with the radius and ulna and no evidence of a jownt surface
or cavity 18 seen The core of the radius and ulna similarly 1s
composed of hyaline carulage surrounded by thick perichon
drnium which continues mnto the condensed tissue at either end
of the bone The hand plate 15 continuous with the distal ends
of the radius and ulna and sumilarly 1s composed of condensed

Less than 3 wks 3 wks

=

Arm Bud -

920 Crosssection of human embryos of vanous sages demonstrating
arm bud development (after Lewn)
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wed From its neighbor by an area of condensed mesenchymal
tissue

By the seventh week the vanous structures hue become Tuger
and defimte capsulir hgwments are forming around the jonts
but 1s yet no defimte jomt cnaty exists i the arm The carpal
bones are more defmitely placed 1 their wsul position however
they are stll embedded 1 mass of condensed mesenchymnl
ussue Fie metacirpals are prosent as cwtilgious structures
surrounded by thick perichondrium and there are two Tous of
phalanges present m all the digits These consist of n arca of
arulige surrounded by very tluck perichondrium which 1s con
unuous with the metacarpals There 15 an enlarged condensed
mass of tissuc 1t the up of cach digit from which will form the
future distal phalanges of the sccond third fourth and fifth
fingers

The development of the jomts of the fore limb have been
reanvestigated by Hames * As chondnfication occurs the adjacent
bone anlage are connected by masses of condensed blastema called
mterzones  The fibrous capsules deselop as condensations of
mesenchymal blastema and cut off a porton of general mesen
chyme now known as the synovtal mesencltyme and a portion of
the condensed perichondnium now known as inira capsular pen
chondrium The middle layer of the interzone becomes looser 1n
character at about the twenty [irst rmllimeter stage and becomes
continuous with the synovial mesenchyme Liquefaction of this
loose layer of mnterzone and inner layer of synovial mesenchyme
takes place at about thirty millimeters giving rise to a joint cavaty
The future shape of the joint cavity 1s well established early 1n
the fetus and 1s not dependent on embryonic motion The synovial
mesenchyme gives tise to the synovial and sub-synowvial tissues as
well as all intra-capsular structures such as ligaments tendons
and fibro-cartilages

The carpal bones ossify from a single center and dunng the
first year ossification begins in the hamate and the capitate The
remawming bones ossify as follows tnquetrum third year lunate
and greater multangular fifth navicular sixth lesser multangular
eighth and pisiform twelfth

The metacarpal bones ossify from two centers one from the
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ulna and radius are two scparate cartilaginous structures The
pertchondnium of both 15 continuous with the distal end of the
humerus forming the beginning of the joint capsule of the elbow
The olecranon 1s well developed and consists mostly of cartilage
the coracoid process consists mainly of condensed tissue The
radius and ulna merge tnto the hand plate which 1s now assuming
a definite hand structure The carpus consists of condensed tissue
n which lie embedded the vartous cartilages the greater and
lesser multangulars the os capitate the hamate and the navicular
semilunar triquetrum and pisiform The metacarpus consists of
five slender cartilages surrounded by a thick tssue layer of per
chondnium The first metacarpal cartilage 1s only about half the
length of the others The proximal phalanges are present as short
slender cartilages deeply embedded 1n condensed tissue at the
t1ps of the four ulnar metacarpals The up of each of these digits 15
compoused of condensed mesenchymal tusue There are no joint
cavities between the cartilages of the hand each one bemg separ

4% wks 5 wks
6 wks 7 wks

N

Figure 22 Development of the skcletal system of the upper cxtremity
(after Lewis)
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the proximal extremities dunng the third and fourth years The
epiphyseal plates close between the cighteenth and twentieth years

Acheson 4 devised a new formula for assaying skeleta] maturity
based on the development of the epiphyses of the mdius ulna
and remamng bones of the wnist hand d fingers

MUSCLLS

The sheletal core of the anm 1s surrounded by a mass of tissue
which at the four week level shows no sign of splitung into
separate muscle masses (Fig 28} The cuds of the brachial plexus
are begmming to penetrate thes pre muscle sheath of cells along
the proximal portion of the humerus and 1n many other places 1t 13
separated from the sheletal core by blood vessels Toward the
distal end of the arm the sheath merges into the more primetive
mesenchymal tissue

By the fifth week defimte muscles are forming from the pre
muscle sheath The triceps muscle extends along the postenor
surface of the humerus from the scapula to the ulpa and there
are indications of three heads being present The musculospiral
nere passes through 1t and gnes off branches The biceps and
coracobrachialis lie along the median side of the humerus and
the two heads of the biceps can be clearly seen The distal end of
the biceps blends with the brachialis and the flexor mass of the
forearm and the coracobraclialis 1s attached (o the humerus by
condensed mesenchymal tissue. The musculocutaneous nerve
pierces this group of muscles grving branches to 1t The brachials
muscle 1s closely attached to the dwtal one half of the humerus
and blends intenmuttently with the overlying biceps muscle It
mserts 1nto the ulna by condensed tissue closely associated with
the flexor mass of the forearm It 1s supplied by the musculo-
cutaneous nene

The flexor muscle mass of the forearm forms a thick layer
over the median surface of the ulna radms carpus and meta
carpus There are approximately two layers present (1) a super
ficral layer lymng 1n the proximal region of the forearm which
will form the future flexor carpi radrals flexor sublims digt
torum pronator tcres and palmans longus muscles (2) the deep
layer which 1s closely attached to the perichondrium of the



50 The Hand Its Anatomy and Diseases

body and one from the distal extremity of the second third
tourth and fifth bones and from the base of the first metacarpal
bone Since the thumb metacarpal ossifies 1n the same manner as
the phalanges 1t 1s felt by some anatormsts that the thumb s
made up of three phalanges with no metacarpal bone Ossification
centers for the bodies of the metacarpal bones arise about the
eighth or minth week of fetal fe During the third year of life
the distal extremities of the metacarpals of the fingers and the
base of the thumb begin to ossify The epiphyses of the meta
carpal bones unite dunng the twentieth year

The phalanges sumilarly ossify from two centers one from
the body and one from the proumal extremuty Ossification
begins 1n the body about the eighth week of fetal life and m

44w EXTERSOR Mass 5 Weeks FLEXOR HASS
Lotoral Sapartieiol
Drep

Figure 28 \luscle development in the upper extremity showing the rapld
change from the pre muscle sheath of fourand a half weeks to the almost
complete organization of scven weeks (alter Lewis).
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passes around the dorsum of the humerus decreasing rapdly n
size and endmg i the pre muscle sheath near the distal end
of the humerus This 15 to be the future radsal nene The ventral
division 18 dinded 1to two parts From the outer part comes the
suprascapular nerve and the rest splits into the musculocutancous
and the onter head of the median nenve The inner cord terminates
m the ulnar nerve which runs into the pre muscle sheath along the
median side of the humerus as far as the beginning of the ulna

By the sixth week the arm migrates somewhat postertorly and
the entire brachial plexus 1s pulled cindally and postertorly By
this ime 1t 15 divided 1nto the various cords much more clearly
than n the previous stages There 1s notlung pecuhar about the
distribution of the remaiming nenves of the plexus either motor
or sensory from that which 1s present in the adult

Figure 24 The brachil plexus at four and-a half weeks (after Lewls)

ARTERIES

Several lateral aortic branches grow 1nto the early limb bud
umung i a apillary plexus (Fig 253) In the five millimeter
human embryo there 15 only one artenal stem mn the forearm
clled the interosseys artery which extends to the end of the digat
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forearm and hand which will ultimately form the flexor profundus
digitorum flexor polhicis longus flexor carpr ulnanis and pronator
quadratus muscles There are already branches of the median
and ulnar nerves present m this flexor mass

The extensor mass of the forearm 1s farther advanced than
the flexor and can be differentiated mnto three groups The first
group 1s the largest and most superfictal extending from the
lateral condyle of the humerus to the proxtmal ends of the digits
covening the ulnar two-thirds of the forearm From it will arise
the extensor communis digitorum extensor carpt ulnans and
extensor minum digit The second or lateral group occuptes the
proximal portion of the radmal side of the forearm armsing n
connection with the fimst group from the lateral condyle of the
humerus It passes distally along the radius and wall become the
brachioradialis and extensor carpt radialis longus and brevis
The third or deep group arises beneath the first group and ats
fibers pass toward the radial side of the forearm passing under
neath the first group and over the second group ending 1n the
condensed tissue of the first and second digits. This wall ultimately
torm the abductor pollicis longus extensor pollicis brevis ex
tensor pollicis longus and extensor indias proprius Branches of
the radial nerve are present 1n these developing muscles

Dunng the next two weeks the muscles attamn their adult form
and position The proximal portions develop before the distal
poruons emerge from the mass of condensed mesenchymal tssue
at the growing ups of the fingers As each muscle develops 1ts
nerie 1s present.

NERVOUS SYSTEM

Spinal nerves grow out from the cord to approximately the
root of the arm bud at the five mullimeter stage By the fourth
week or seven muillimeter stage they begin to descend into the
arm At this stage the brachial plexus 1s fairly well developed
from the ventral divisions of the fourth fifth sixth seventh and
eighth cervical and the first thoracic nerves (Fig 24) They form
a continuous sheath of nerve ussue 1n which only indrcations of
the three cords can be dustinguished On reaching the arm bud
they splht 1nto dorsal and ventral divisions The dorsal division
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guves off 1 distal branch which anastomoses with the superfiaal
volar arch At the clbow an anastomotic brinch between the
brachial artery and the superficial brclinl anery becomes en
larged and the proxamal portion of the superficil bractunl artery
atrophies (Fig 25d) Tlis anistomatic branch together with the
distal portion of the superficial brachial rtery hecomes the
radral artery
VEINS

A pnmitne capilary plexus of the limb bud gives nisc 10 1
penipheral border ven which serves as an carly dramage channel
The border vein ongmally opens into the dorsal wall of the post
cardinal system but as the heart shufts caudally 1t dramns by 2
ventral connection 1nto the precardinal (internal jugular) vem
From the ulnar portion of the border vein develops the subclavian,
axillary and basthe veins The radsal extenston of the border vein
atroplies pantly but from it anses the cephalic vern which
anastomoses at first with the external jugular but ulumately
to the axillary vemn

SKRIN AND SKIN APPENDAGES

The embryonic ectoderm 15 oniginally a single sheet of cuboidal
cells but by the fifth week 1t adds a second layer Durning the third
and fourth months the epidermus 1s three lnyered After the fourth
month the epidermis becomes highly stratified and resembles
adult slan with the four layers of stratum corneum luctduomn
yranulosum and germnativum

At ten weeks there 18 2 tnchened atea of epiderms on the
dorsum of each digit which eventually grows proximally toward
the distal interphalangeal joint. This plate sphits grving ongin
to a proximal nasl fold which 1s conuinuous on each side with the
shallow lateral nail fold This primitive nail fold undergoes some
local cormfication but the true nail develops within the nail
matntx an the lunula area Durnng the fifth month specialized
keratin fibnls differenuiate i the matnk and go on to develop
the nail which reaches the up of the digit about one month
before birth

The hair begms to develop about the fourth month and
lanugo hairs are developed by the seventh month
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where 3t breaks up 1nto a digatal plexus of vessels (Fig 25b) At
a later stage a median artery branches off the brachual artery and
unites with the digital plexus The previous connection of the
mterosseus artery with the digital plexus disappears (Fig 25c)
The subsequent development has been clanfied by Singer® In
embryos of about eighteen millimeters the a. ulnans anses from
the brachial artery and umtes distally with the median to form
the superfiaial carpal arch which give off digital branches

In embryos twentyone millimeters long the a brachials
superficialis develops i the axillary region and traverses the
medial surface of the arm and runs diagonally from the ulnar
to the radial side of the forearm to the posterior surface of the
wrist. There 1t drvides over the carpus into branches for the
dorsum of the thumb and index finger

Finally three changes occur When the embryo reaches the
length of about twenty three millimeters the median artery under
goes retrogression becoming a small slender structure now called
the artery of the median nerve The superficial brachial artery

—
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Figure 25 Development of the vascular system of the upper extremity
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The sebaceous glands first appear about the fifth month from
the epithelial sheath of the hair follicles Sweat glands begin to
develop by the fourth month and by the seventh month they are
farrly well developed

Extansor Tendon

D1 stal Interphalangeat Joint
Digital Nerve

Distal Pralanx

Figure 26 Crosssecuon of 814 week fetal hand at level of distal wnter
phalangeal joint.

AN 8Y2 WEEK FETAL HAND

Cross-sections of a fetal hand aged 814 weeks reveal an almost
exact replica of the adult. The distal phalanx (Fig 26) 1s almost
completely formed and the distal mterphalangeal joint 1s devel
oping At the level of the middle phalanx (Fig 27) the extensor
apparatus and flexor digitorum profundus with its sheath are
discermble  The proximal interphalangeal jomnt 1s developing
and the separation of the flevor digitorum profundus and sub-
himis has taken place (Fig 28) The extensor mechamsm appears
to be anchonng to the jomnt capsule and flexor sheath as pointed
out by Kaplan ® At the level of the proximal phalanx (Fig 29)
the flexor digitorum profundus lies volar to the developing



59

Embryology

Palmar Fascio

Lumbrical

Volar
Inferosseous

Digital Nerve

Dorsal
Inferosseous

Figure 31 Same hand at level of distal palm.
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Frgure 82 Same hand at level of wrist
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chiasm of Camper The digital sheath appears much thicker than
i other levels Hinrichsen  studied tendon sheath development
and found that this thickening of the sheaths at the site of future
annular ligaments occurs before any flexion has taken place 1n
the fingers and must be due to a tissue pre-determination rather
than a response to motion

At the metacarpophalangeal jomnt (Fig 30) the flexor digatorum
profundus pierces the flexor digitorum sublimis The tendon
sheath 1s firmly attached to the developing volar plate of the
anterior joint capsule The extensor mechanism 1s anchored to
these two structures

In the distal palm (Fig 31) and wnst (Fig 32) all the adult
structures can be visualized
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CHAPTER 3
GENERAL PRINCIPLES

Bcfon: chemotherapy and anubtotics surgery of the hand was
mainly the treatment of hand mfections with the classic treatises
bemg wntten by hanavel ! and Ischn 2 Treatment of hand 1nfec
uon was emphasized 1 medical schools wnd graduate programs
However with the advent of chemotherapy and antibiotics there
was a dechne 1n the inaidence of hand nfections throughout the
world Experience at the Boston Caty Hospatal paralleled this trend
and since antibiotics became available lymphangitis and deep
fascial space infections decreased 80 per cent and suppuratrve
tenosynovitis 75 per cent * As a consequence the teaching of hand
nfections has been nmummized and the average doctor begins
practice today with very hittle knowledge of their correct treat
ment

Tlus 15 a dangerous situauon for obvious reasons Even if major
hand infections are becoming scarcer they demand the same
expert care that previously was given them Besides the protectine
actiont of antibiotics appears to be on the wane and more and
more hand infections are seen mn Hand Clinics

The epdemiology of boils and infected hands 1n a factory
population was studied from 1943474 An increased maidence
of these infections over the years was observed so that by the
final year of the study 1t was double that 1n the first year Even
1f serious hand infections were prevented the minor mnfections
were Incapacitating, a situation which will be prevalent for many
years to come Wilkes * studied a large senes of hand mfections
and despite the fact that the great majority were not serious
the average time loss from work was twenty days Attempted pre
vention of such njurnies by use of protective gloves and improve
ment of first-aid treatment was not very effective

These mtroductory remarks emphasize that hand infections
are still important diseases and the principles of proper treatment

(3]
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should be known by practicing physicians and definitely included
n the medical school curmculum

Correct treatment of infections of the hand demand a know!
edge of the causatine organism and 1ts anatomical localization
(these will be discussed 1n separate chapters) In addition there
are some general principles of treatment which should not be
forgotten

Treatment must be insututed as early as possible to prevent
spread of infection and irresemsible sequelae such as necrosis of
tissue and permanent fibrosis

All operations are carried out 1n a bloodless field under general
or 1egional anesthesia with good Iighting and assistance If the
intection 1s limited to a distal part of the finger such as a felon or
paronychia, local anesthesia may be used but extreme care should
be taken since occasmional cases of gangrene of the finger have
been reported

The functuion of drains 1s to keep masions open They should
never plug the wound and prevent a free flow of exudate They
should never extend into tendon sheaths or jomnt spaces Vaseline
strips or small rubber strips are the usual drains used In fingers,
1t 15 better to use small rubber strips by choice because of lack
of space Drains usually are removed 1n forty-eight hours

Immobilization of the part 1s essenual for recovery This may
be obtained by a massive dressing 1o the early stages of acute 1n
fection which 1s later replaced by a plaster-of Panis splint. When
the hand 15 immobilized for more than a day 1t 1s placed 1 the
position of funcuon the wrist 1n twenty degrees dorsflexion the
finger joints in shght flexion the thumb 1in abduction and oppost
tion with 1ts interphalangeal joint shightly flexed If the finger
jomts become suff mn this posiuon 1t still 15 possible to have
suttable hand function with only a few degrees mouon i each
of the jomnts If the fingers have been held extended and become
stiff the hand 1s useless

Systemic discases are searched for mn all cases with particular
emphasis on diabetes lues or the various bleeding diatheses The
patient s nutrition 1s maintamed in as normal a state as possible
with pamcular attention to correctton of anemra Vitamuin C
deficiency and protetn defictency Since many pauents are treated
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After reviewing much of the iteriture m this fickd Finlnd ¢ re
ports  Combmauons of anubiotics have been widely used
chmcally for mfections other than tuberculosis chicfly for their
additre or possibly synergstic cffects and particularly m stphy
lococcal nfections There are 15 yet no reports of controlled
studies from wluch the effect of such antibiotics on emergence of
resistance can be evaluated

A\IICROCOCCUS AUREUS (STAPHYLOCOCCUS AUREUS)

This group of orgimsms which produces toxns with necrou
zing hemolytic and leuhocidic properties 15 the most commaon
cause of hand nfections ® Coagulase positive organisms arc most
apt to be pathogenic, but there 1s some evidence that alpha
hemolysin production similarly correlttes with virulence ®

Many stramns inhibit the acuon of pemiallin There may be
two mechamisms for tlus mnhibitory phenomenon  production of
pentallinase and/or the elaboration of an essential grouth factor
whose production 1n the sensitive strains 1s blocked by pemicillin
The entire problem of the rclationship of resistance of staphy
lococcus to antibiotic agents has been reported as follows

"The percentage of pemicillin resistant staphylococar 1solated
from patients m large hospitals 1n many countries has increased
steadily 1n the past few years so that now nearly three fourths of
all strains are highly resistant to pemaihn

Penicillin resistant strarns are found not only 1n suppurative
lestons under treatment with this anubiotic but also 1 the noses
and throats in similar proportions from patients tn the same
hospital who are not recening peniailin—and frequently m the
feces of such patients

“The percentage of pemeillin resistant staphylococer increases
markedly dunng the period of hospitalization both n patients
who recenve pemallin in the hospital and n those who do not
although pemallin therapy results in somewhat earlier and more
frequent appearance of the resistant strarns

“The hospital staff and personnel carry staphylococa: of the
same bacteriophage types as the patients and a similar proportion
are resutant to penallin

Phage typing of staphylococel from patients and staff indicates



CHAPTER 4

BACTERIOLOGIC FACTORS

As a basis for correct chemotherapy the cansauve organism
should be determned 1n every case by use of acrobic and anaerobic
cultures These cultures should be repeated penodically to detect
changes 1n the bactenal flora consequent to secondary contamina
fion or antibiotic therapy

Exposure of bactena to an antibiouc agent may lead to the
development of ressstant strans to the same antibrotic and,
because of the indisciminate use of varous anubiotncs by the
medical profession this problem 1s increasing Meleney and
Johnson * found that 17 8 per cent of coagulase positine Staphy
lococcus aureus strains were resistant 1n 194748 whereas in 1951
this resistance rose to 43 per cent. Another example of this 1s a
report by Altemeter et al * who found that dunng the years
1942-43 96 per cent of the virulent hemolytic micrococar were
sensitive to penicillin whereas in 1955 only 57 per cent remamed
sensiuve to the anttbiotic. In vitro sensiuvity tests are valuable
1n discovening such resistance so that a proper chorce of antibiotic
may be made

When more than one orgarusm 1s present in an infection a
mxture of antibiotics may be used as determuned by culture and
sensinvity studies However caution must be taken mn administer
g these combinauons since some antibiotics are synergisuc and
some antagonustic to cach other In general synergism exists be
tween two members of the bacteriadal anubroncs (pentcilin
baatraan streptomyan polymyxin B neomycin) or between
two members of the bacteriostatc group (tetracychine chlor
tetracyclhine chloromycetin) Antagonism may occur when a
member of the bactertcidal group 1s adminustered with one of the
bacteriostatic group* As yet, there appears to be no definute
knowledge that such combinations of anubiotis are effective

[68)
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Alter revicwing much of the hterature mn this ficld Finland * re
ports  Comlunations of antibiotics hawve been widely used
chimally for mfections other than tuberculosts chielly for their
addunne or possibly synergistic effects and particulrly m staphy
Jococcal mfections There are as yet no reports of controlled
studies from winch the effect of such amubiotics on emergence of
resistance can be evaluated

MICROCOCCUS AUREUS (STAPHYLOCOCCUS \URLUS)

Tlus group of orgimsms which produces toxins with necrott
zung hemolyuc and leukocidic propertics 1s the most common
cause of hand infections 3 Coagulase-positine organisnis are most
apt to be pathogemic but there 1s some cvidence that alpha
hemolysin production simlarly correlates with virulence ®

Many strains intubit the action of pemialling There may be
two mechamsms for this whibitory plicnomenon production of
penictllinase and/or the elaboration of an essential growth factor
whose productuon 1n the sensitnve strains 1s blocked by pemalhn
The entire problem of the relauonship of resistance of staphy
lococcus to antibiotic agents has been reported as follows

‘The percentage of pemiallin resistant staphylococer 1solated
from patients n large hospitals in many countries has increased
steaduly 1n the past few years so that now nearly three fourths of
all strains are highly resistant to pemicillin

Pemallin resistant strams are found not only m suppuratne
lesions under treatment with this antibiotic, but also 1 the noscs
and throats 1n similar proporuons from patients in the same
hospital who are not recening pemallin—and frequently 1 the
feces of such patients

The percentage of pemallin resistant staphylococer increases
markedly during the pertod of hospitalization bLoth m patients
;:l:l?oicgc;l:l;;nir;;:lll::c: Lh:cshc;spnml and m those who do not
frequent appearance of t{z rsl:ls:mltn o 1 e and more

strainy

“The hospital staff and personnel carry staphylococer of the
same bacteriophage types as the Patients and a simular pro
are resistant to peniallin propertion

Phage typing of staphylococar from patients and staff indicates
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that the organisms are acquired by crossinfection from other
pauents and from the hospital personnel (chiefly the latter)

Penicillin resistant staphylococcr are much less frequent among
outpatients than among inpatients among the outpatients the
madence 15 related to the amount of previous pemialhin treat
ment or of previous hospitalization or both

“The madence of strams resistant to pemallin among the
general population 13 still lower than that among outpatients
and this too 1s related to previous treatment and hospitalimtion
At the ume of admission to hospitals, patients have a higher
carrier rate of pemallin resistant staphylococet than people 1n
the community at large

"When studies have been carmied out 1n areas where very hitle
antibiotic therapy 1s used, resistant staphylococa: from infected
lesions or from carners are generally mnfrequent.

Reswstance of the staphylococct 1s generally much lower to the
tetracycline antubiotics than to pemicallin but in hospitals where
they have been used very extensively the incidence may approach
that of peniaillin resistant strains during periods of intensive use
Usually tetracycline-resistant staphylococa: are about half as fre
quent as the pemallin resistant ones

Erythromycin resistant strains of staphylococc: rapidly appear
m hospitals where that antibiotic 1s used both the degree of
resistance and the incidence of resistant strains appear to increase
with such use even more rapidly than with earher anubiotics,
and the number of erythromyan resistant strains within a brief
period may reach or even exceed that of peniallin resistant strains
dunng periods of intensive use

“The madence of strains resistant to mndividual anubrotics 13
related to the extent to which each 1s used

“The frequency with which strains resistant to muluple ant
biotics are encountered 1s simlarly related to the extent to which
the particular anubiotics 1n question are used

Increases or decreases 1n the amounts and intensity with which
any given antitbiotscs are employed my be associated with changes
i the same directton 1n the madence of staphylococal resistant
to those antibrotics

“The simultaneous use of anttbiotics 1n combinations has been
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recommended as a means of prevenung the development of resis-
wnt stramns of staphylococar Data teflectng the results of com
bined therapy are scanty but thus far indicate only the posibility
of depressing delaying or wotding the appearance of resistant
stramns m individual patients there 18 no evidence as yet that
the nadence of resistant strans 1s reduced by combined therapy

“The wcreasing occurrence of staphylococeal nfections within
hospitals and the decreasing effectneness of the available anu
brotics 1 the treatment of such mfections 15 being widely apprect
ated and 1 many hospitals 1s reaching sertous proportions *

This organism produces a local pyogenic manifestation such
as furuncle or abscess and 10 addition may spread by blood stream
mvasion producing erther a fulminating or chronic mfection
In the fulmmatng type there 1s a high temperature and pulse
rate with profound toxemia The usual systemic infection how
cver runs a chronic course and 13 accompanied by metastatic
abscesses 1n the lungs kidneys Iner spleen heart and bones

Surgical mcision with or without exasion of necrotic tissue
plays the major role in eradicating these mfections but antibiotic
therapy 15 necessary For local apphcation bacitracin 1n concen
tration of 1000 units per cc. appears to be of most value For
systenuc therapy one may choose between penicillin streptomycin
or a tetracycline denvative Bacitracan may be used parenterally
1f the daily fluid intake 1s at least 2,500 cc.

STREPTOCOCCUS

The classification of this organism depends on antigenic sub-
stances and the abtlity to hemolyze bloed Group A beta hemolytic
strans produce the great majonity of streptococcal diseases in man
with occastonal strains in group C and G being responsible These
three groups produce fibnnolysin desoxyribonuclease hyalur
onidase and erythrogemic toxin The non hemolytic streptococa
usually are sccondary invaders and may produce a chronic dis-
case. The anacrobic strains of streptococcus will be discussed later

The general pattern of such hand infections 1 a cellulitis with
lymphangins and lymphadenopathy assocrated with fever and
toxic symptoms The organisms may enter the blood stream and
metastasize to joints, lungs kidneys spleen liver brain and skin
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The endothelial lined cavities (pleura, pericardium peritoneum
meninges) 2lso may become 1nvolved For hemolync streptococc
penucillin or tetracycline 1s the antbrouc of choice since at the
Boston Caty Hospatal strains of Group A streptococer of even shight
resistance to these drugs have not been encountered thus far?
The non hemolytic organisms may be resistant to this drug and
require other antibiotics chosen by sensiivity studies

SYMBIOTIC INFECTION

The combination of microaerophilic non hemolytic strepto-
coccus and hemolytic staphylococcus aureus produces a destructive
lesion of the skin and subcutanecous tissue The lesion usually
18 painful and tender and the gross appearance 1s quite charac
teristic. There 15 an outer zone of erythema (varying from one
to two cenimeters 1n width) a sharply defined dark purple middle
zone and an mner zone of gangrenous skin The inner margn 1s
only shightly undermined but gradually melts away as the whole
leston spreads centrifugally The purplish area of gangrenous
skin often demonstrates a characteristic edema with vesiculation
ot the overlying epithelium The center of the lesion becomes a
granulating ulcer which 1n time may become bright red and clean
The disease continues to spread until the patient dies or the n
fection 1s brought under control

The clinical appearance of this lesion 1s usually sufficiently
characterisuc to make the diagnosis but a correct bacteriologrcal
study 1s necessary The staphylococcus may be found but 1t 1s more
difficult to uncover the microaerophilic streptococcus. The dis-
case appears to spread along the lymphatics on the fasaa which
often 1s affected for centimeters beyond the clinucal gangrene
Consequently some authors call this disease necrotizing fascuus *

Treatment 15 wide surgrcal excision plus antibiotics which are
effective against the causative organism as demonstrated by sens:
tivity tests The exasion should be carried far beyond the zone
of gangrene to be surc that the mnvolved fascia 1s removed. When
performung surgical excision Wilson * suggests that the skin
flaps be lifted off the underlying involved fascia. The nvolved
area 1s excised completely and the slan flaps returned to therr
ongnal positon In this way he attempts to prevent the tremen
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Figure 33A (Top) Symbiotic infection Compound fracture left thumb
five days following injury showing infection advanced to proximal phalanx.

Figure 38B (Middle) Spread of Infection from thumb to wrist.
Figure 38C. (Bottom) Infection three weeks follow/ng injury
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dous skin losses resulting from older methods of treatment
After the skin underlying fascia and any other infected tussue
(tendons) are removed the wound 1y treated locally by a chemical
agent (Dakins solution activated zinc peroxide) am anubiotic
agent (baatracin streptomycin sulfamylon mixtures) or other
combrnations of antbiotics found useful by sensiuvity studies.
Systemic chemotherapy has proven of little value although
Meleney* believes that bacitraan 1s the drug of choice How
ever 1 chinical experience with three cases durng the past
scveral years this has proven to be of no value to the author
After the excised area 15 covered with healthy granulation tissue
skin grafting procedures are necessary to cover the existing defect

A tragic expertence with this infection 1s noteworthy

Mr F (BCH 141551%) a fafty mine year old white male nustained
2 compound fracture of the nght thumb while at work. Five days
later on entry to the Boston City Hospital the wound which had
been sutured elsewhere, appeared as demonstrated in Figure 33A.
It was believed that this was a severe pyogemc infection and,
accordingly penicillin therapy was wstituted and an indsion
made. The inasnon revealed no pus and a speamen was sent for
culture The wnfection continued to spread until approxmmately
tive days after entry 1t involved the dorsum and volar aspect of the
wrst and lower forearm (Fig 33B) At this ume symbiotic infec
tion was diagnosed, and bactertologic studies revealed the presence
ot enterococa Staph. aureus, Aerobacter acrogenes, Bacillus pro-
teus. Cultures were sent not only to our own hospital laboratory
but also to the laboratory of Dr Chester Howe at Boston Uni
versity School of Mediane to attempt to uncover mioaerophilic
streptococcus. Aureomyan was mnstituted mtravenously for approx
imately five days. Localired phlebitis developed at the site of each
aurecomycin 1nfusion Infection condnued to spread along the
forearm on the volar and dorsal surfaces and into the palm and
dorsum of the hand (Fig 33C) The treatment thus far consisted
of wide surgical exciston but 1t was decided to try parenteral
baatracn This had to be discontinued 1n approximately four
days when the non protein nitrogen rose to a hugh level and pro-
e casts were found in the urine. The local agent apphed to the
exased area was hydrogen peroxide alternating with baatracin
solution At this stage sensitivity studses, performed by Dr Howe



Bactenologic Tactors

F gure 33D (Top) Skin grafts well healed on left forcarm.

Frgure 33E. (Middle) Development of infection at site of aureomycin
mjection right forearm, four weeks after initlal iojury

Figure 33F (Bottom) Spread of infection in right arm and forearm.
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Figure $3G (Top) Further spread of Infection to entire rght upper
extremity

Figure 83H (Bottom) Infection 1n both groins flve months after initial
njury
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revealed the organisms to be senitine to a combinition of strepto-
mvan and sulfamyvion Following wide exciston of the infected
area the wound was dressed with an occhisne drewing under
which muluple catheters were apphed and through which the
streptomyan-sulfamylon misture could be injected at numerous
intervals duning the day o that a high concentration of this agent
would be present contnuoushy Using this approach the infection
appeared to be controlled with 1 complete denuding of the shan
and fasaa from the elbow down to the metacarpophalangeal joints
of the fingers imolving many of the extensor and flexor tendons.

The tnvolved arca began to granulate and sphit thickness slin

grafts were apphied to the granulaung arcas (Fig 33D)

Approsimately four weeks following entry a similar process
developed 1n the night arm at the site of the ntravenous aurco-
myan mfusion (Fig 33E) and over the night deltord muscle at
the site of the pemallin njection. These arcas progressed (Fig
33F) 1n spite of wide surgical exasion and local chemotherapy
consisung of streptomyan and sulfomylon unul the enure night
upper extremity [rom the deltoid to the wrist was denuded of
shin and fasaa (Fig 33C)

Six weeks following entry while the night and left arms were
progressing as described massive bilateral deep phlebitis of the
fower extremities developed with resultant edema from the Lnees
to the toes No defimiuve treatment was instituted for the phlebitss.
Antcoagulants were contraindicated because of the extensive
ulcerating area and a surgical attach 1n the groms could not be
done for fear of spread of infection to thus area. Duning the ensuing
months of hospital stay the edema grdually subsided and no
pulmonary embolt were noted

Finally after numerous exasions and ultimate shan grafung
the disease appeared to be checked about five months followng
entry and the extremuttes were covered with skin. However while
convalescing from these infections, a patch of redness was noted 1n
the left grom which progressed to a sumilar type of infection 1n
this area that ultumately spread to the right grom (Fig 33H)
While surgery was contemplated the completely cachectic patient
suddenly died.

This case raises many ssues. Correct debnidement and care of
the imnal mjury should have prevented this infection 1n the first
place Secondly the absence of microaerophilic streptococcus
on repeated exammation of cultures by two bacterologic labora
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Figure 33G (Top) Further spread of infection to emtire nght upper
extremuty

Figure 33H (Bottom) Inlection 1n both gromns five months after inital
njury



Bactenologic Factors 77

tures there wete numerous brachal blocks performed without
subsequent local mfection 1t my e that greater cire was taken
10 sterihize the sk before the brachinl blocks than before the
routme vempunctutes and wjections | he phlebius mn the right
ann and both legs with 1ts attendant edema m1y have produced
an arca of decrewned tissuie ressstance stice 1t s well known that
such edematous arcas are more hable to infection than normal
arers

The human ite produces a symbiotic nfection m winch the
anacrobic streptococer are the most sigmlicant organsms . These
lesions also contam pathogenic actmomycetes  fusiform  haall
and spirochetes The mitial injury may be a simple abrasion over
the proxumal phalanges and knuckles or a complete laceration
of shin with or without 1 laceration of the extensor tendon and
apsule of the metacarpophalangeal joint Soon there develops a
dull aclung pain with swelling 1 the mohved arca and when
seen late a thun cloudy fluid extrudes from the wound (Fig 34)
There will be edema and other signs of nfection depending upon
the anatomical spaces involsed The most serions infections arce
those which imolve the metacarpophalangeal jomnt The surgical
anatomy of these infections have been clearly studied ** The most
sertous lesions are those over the knuckles and the usual spread
of infection 15 along the dorsal subcutancous and subaponeurotic
spaces If the joint 1s mmolved 1t becomes infected If mfection
spreads to the adjacent web spaces of the finger 1t may follow
the lumbrnical canals to the fascial spaces of the palm The seventy
ot these infections before modern therapy may be evidenced by
Boyce s ' report where out of ninety collected cases there were
twenty-one complete amputations of digits three partial ampu
tations and three ostectomies In addiion an amputaton of an
arm had to be performed with one death due to pheumonia

These infections are so serious that one should always be
susprcious of any laceration over the metacarpophalangeal joint
Often a patient 1s ashamed to tell that he was nvolved 1n a fist
fight therefore the true nature of the lesion may not be explained
to the examining surgeon

Early treatment conuists of soap and water cleansing of the
wound for twenty minutes irrigation with sterile saline solution
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tories 13 of interest. Staph aureus was the predominant organism
which was occasionally mixed with the various bacteria such as
Bacallus pyocyaneus B proteus and enterococaa This 1s similar
to the experience of Wilson * Thurdly the reason for the spread
of this infection to the opposite arm and both groimns 13 not clear
Although the mnvolved sites were all areas of previous skin punc

Figure $4 (Top) Human bite infecion metacarpophalangeal foint, right
index finger with edema and erythema of dorum of hand and fingers.

85 (Bottom) Self sustrined human bite infection with loss of distal
phalanx of fifth finger
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Tigure 36 (Top) Tuberculous tenosynoving of ulnar bursa with extention
mte muddle finger (Courtesy Dr Joho Crandon)

Figure 87 (Bottom) Tuberculous tenosynovitis of left wrut showing in
fected tlssne being dissected from underlying tendons.
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leaving the wound open to heal by secondary intenuon applying
a stenile dressing splinting the hand 1n a positton of function and
mstituting antibiotic therapy Although most surgeons use pem
allin as the antibiotic agent, Levin and Longacre I* obtained
excellent results with bacitracan 1n conjunction wath other general
methods of treatment. The value of this treatment (emphasized
by Mason and koch ) was clearly establishied in the results of a
series where fifty five out of sixty-one cases remained clean with
only one case of gross mfecuon following early treatment.’

When the infection 15 obvious a surgrcal mcision 1s necessary
Usually this consists of a longiudinal dorsal nasion carried
not only through the subcutaneous tissues but also into the
subaponeurotic space  If the metacarpophalangeal jomt 1s 1n
volied the jont should be opened by means of two lateral
mncsions, imngated, and left open When the infection has spread
to a web space or palmar space these are suatably drained The
value of antibiotic therapy has been proven n all recent series
of human bite infections Using chemotherapy 1n a second series
of human bite cases studied at the Charity Hospital Boyce '
found that 1n only three was 1t necessary to perform a muulating
operation It 1s of mterest that 1n spite of all that 1s known about
human bite infections they are sull sutured and primary suture
1n seventeen out of seventy of these infections has been reported.”
Of course 1n all cases the suturing increased the frequency of
severe complications

Rarely 1s bone involved 1n human bite infections. Andreasen ¢
reports the case of a soldier who recerved a bite in battle and
eventually developed a bone abscess at the head of the second
metacarpal bone with no jount 1imolvement

A rarer type of human bite infection may develop when a
hangnail 13 bitten or when through habit a person constantly
chews Ius fingers. We have had an interesting example of this
when a young boy with an ulnar pene palsy was very much
impressed with the numbness of hus fifth finger and Lept biting
the tip to see 1f sensation would return He developed a severe
human bite infection and eventually lost a portion of the distal
phalanx (Fig 35)
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who work with tuberculous patients are [requently liable to thns
chronic ulceraung leston

Tuberculous dactylitis 1 most commonly scen children and
affects the proximal phalanges metacarpals ind middle phalinges
The distal phalmges are never mvolied The chnicl picture
demonstrates a fusiform painiess swelling of the imvolved hone ™=
The overlying shin m1y be shiny and red and fistulas may develop
if the metacarpals wre wvolved the swelling appears maily on
the domal surface of the hand The xray pictire varies from
munmal medullary chauges and penosteal suelling to a (usiform
dilatation of the cortex and widespread destruction of all layers
of bone There 13 a general consensus of opmion that m children
conservatine therapy consisuing of immobilirzation of the digits
and mnaston and drainage for secondary infectton will yield good
results When the disease occutrs n older cluldren or adults exc
sion or amputation may be necessary particularly 1if the diseasc
threatens adjacent jounts ™ However the advent of chemotherapy
may lead ore to treat all these cases conservatinely and prolonged
treatment 13 recommended consisting of streptomycin and either
1somazid or para aminosalicylic acid for at least ninety days after
sinus closure with an additienal peried equal to one half the tme
required for sinus closure 37

Jungling s disease or multtple cystic tuberculosts of the bone
stmilarly demonstrates a gradual onset of swelling 1n a small bone
ot the hand which may be moderately painful \ rays shows a
cysuc trabeculated expansion of the bone Pathologically there
1s semi sohid granulation tissue characterized by the presence of
epitheliod cells arranged 1n tubercle formation and surrounded
by lymphocytes with grant cells Actual necrosts 15 not seen and
the tuberculosis bacillus 15 not found Skin tests for tuberculosis
are negatnne According to the expertence of most observers this
disease takes a slow course tending to spontancous mproyement
and recovery 3 *! It appears probable that this disease 15 Bech s
sarcoid and not tuberculous The usual changes of sarcoid are
scen 1n the small bones of the hands and feet. Punched out cyst
like lesions occur particularly mn the phalanges and occasionally
n the metacarpals which may coalesce producing extensive bone
destruction  The distal phalanges often show the most severe
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MYCOBACTERIUM TUBERCULOSIS

This orgamsm may 1nfect tendon sheaths skin bones and joints
Tenosynoustss 13 of special 1nterest and has been the subject of
numerous reports 7 3 The disease 1s produced by direct exten
sion of an infection n the hand 1n people who work with cattle
(mulkers skinners butchers) or it may be secondary to pulmonary
tuberculosis Trauma may be a predisposing factor The third
and fourth decades are the most common age groups imnyolved
and the sex ratio 1 approxumately three males to two females
The pathology of this disease 1s the same as other types of tubercu
losis It affects the synovia first and later involves the tendon and
surrounding structures Any tendon of the body may be mvolved,
but usually 1t affects the exensor or flexor tendons of the wrist,
with the volar tendons involved twice as often as the domsal
and the nght upper extremity afflicted more than the left.

There 13 a slow onset of relauvely painless sweling (Fig 36)
over the mvolved tendon or tendons with eventual limitation of
function At first the swelling 1s doughy 1n consistency but as
the disease progresses 1t may become fluctuant When 1t mnvolves
the ulnar bursa 1t presents an hour-glasss deforinity with a con
Huent mass 1n the palm and forearm (compound ganglion) The
sem fluid mass may be pressed back and forth under the volar
carpal ligament If rice bodies are present crepitus may be felt.
Usually there are no constitutional signs or symptoms unless the
tuberculosis 1nvolves other parts of the body Diagnosis 1s made
on the history and physical findings which should be corroborated
by culture or guinea pig mnnoculation of the tissue at ume of
surgery and by pathologic examination Biopsy of the epitrochlear
node of the involved hand may be a helpful diagnostic method

A tmal of antibiotic therapy with streptomycn and para
amnosalicylic acid or 1soniand should be attempted If this fails
surgery will be necessary and consists of complete excision of the
mvoled parts (Fig 37) plus immobilization 1n a plaster cast
a positon of function Treatment with streptomycin and para
amnosalicylic aad 1s insututed for approxamately six weeks

Occasionally a tuberculous infection of the skin of the fingers
will occur from an infected abrasion or cut Doctors and nurses
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duseased animals 1f the source of entry 13 the shin of the hand
a papule like lesion develops which later ulcerites A red gran
uloma occurs with a surrounding zone of celluliis Sulsequently
the center becomes necrotic leaving a punched out ulcer Bacterin
spread along the lymphatics with resultant lymphangitis nd
lymphadenits In half the cases the glands suppurate Septicernia
may develop with foct of mnfection m the spleen liner lungs
lymph nedes bone marrow or other ussues Idenufication 13 made
by bactertal smear direct culture noculation n guinea pigs and
the Foshay imiradermal test Posiine blood cultures may be ob-
tained dunng the first week and agglutinins are demonstrable
after ten days Streptomycin s effective n eradicating thus discase
There 1s some evidence that aurcomycn and chloramphenicol
are cffective

PASTEURELLA MULTOCIDA

Although this organism 1s widespread n the animal kingdom
preducing a hemorrhagic septicemia human 1nfection has been
thought to be rare Recently there has been cvidence that a
localized form of this fection secondary to cat Dites 15 more
common than realized ?* Soon alter the bite the area becomes
painful red and swollen with an ascending lymphangitis and
lymphadenopathy An abscess may develop and osteomyehitis fre
quently occurs (Fig 89) When cultures are sent to the bacten
ology laboratory special note should be made of the possibility
of such infection since these organisms may be interpreted as
other Gram negative bacteria.

All cat bites should recerve a thorough soap and water scrub
irmganon sterile dressing and tetanus anti toxin or toxoird 1n
Jections Procamne penieillin (600 000 units) 1s administered daily
for four days.

Once mfection has developed hospital admission with roent

genograms of the area and wound culture 1s advised Pemallin
15 the antibiotic of chosee

BACILLUS ANTHRACIS

This aerobic spore forming organism causes discase 1n sheep
cattle horses and swine Human infection develops from handling
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changes (Fig 38) In addiuon there may be a lattice work of
diffuse bone destruction

Fig 38 Fig 89

Figure 88. Sarcoid of fingers demonstrating severe destructive changes in
distal phalanges,

Figure 39 X ray of left wnist 14 days after a cat bite, demonstrating ostco-
myelitis of greater multangular and base of first metacarpal bones crused by
Pasteurella multoada.

TREPONEMA PALLIDUM

This organtsm rarely involies the hand but chancres may occur
at the site of a hangnail and be mistaken for paronychra. Tertiary
lues may affect the tendon sheaths and bones and joints of the
fingers and wrist.

The danger of transmmtting syphilis through human bites 1s
emphanzed by Sieff @ who cited four cases. Humphreys ® stressed
the danger to denusts treating such people

PASTEURELLA TULARENSIS

This orgamism produces infectious disease m rodents and 1n
other wild and domestuicated amimals such as game birds and
domesuc chickens Man becomes infected when bitten by an
insect vector {tich or deer fly) or when he comes 1 contact with
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duces mfcction m man by penctrating the sk of the hand
through a wound or abrasion 1nd 15 wost commonly observed n
abattorr workers and fish handlers 3 It also 1s scen in the whiling
and serling industry and 1s known as whale scal or blubber
tinger % Although diagnosis 13 made by btopsy and culture 1t
should be suspected on chmcal grounds Within a day or twe alter
mitral mjury there develops an erythematous swelling with a
somewhat taut and sluny appearance accompamed by itching
and stiffness of the part (erysipeloid) Lymphangitis and lympha
demitis may occur Rarely septicetma with endocardrus has been
reported ¥

Treatment 13 conservative and surgical inciston should not be
performed since suppuration does not occur However the discase
may be mistaken for tenosynovius and flexor tendon sheaths have
been opened by mistake 0 Penicillin 15 the antibiotic of chorce
and should be continued after cessation of symptoms to prevent
recurrences 1 42

ACTINOMYCETES BOVIS

Frequently cattle swine or horse worhers are invaded by
achimomycetes bouvts through an abraston or wound of the hand
There 1s a granuloma similar to that of tuberculosis which will
reman for months as an indolent nodule with occasional sinus
formation It may cover the entire dorsum of the hand Dragnosis
15 made by microscopic examination and culture of the drawning
material. Pemicillin together with large doses of potassium 10dide
may be of benefit in treatment ** Isoniand (Nydrazid) has been
reported as beneficial 44

Mycetoma or Madura foot has been Lnown for years but
recently there 1s evidence that a sumilar condition can appear
mn the hand Myerding and Evert + report a case of a thirty nmne
year old Mexican who was first seen with swelling of the palm of
the hand wlnch had been present for seventeen years He had
several operations and two courses of x ray therapy but indura
uon persisted over the base of the left first memcarpal bone
from which there were several draiming sinuses containing black
granules which proved to be colonies of Madurella. He had
subsequent x ray and potasstum 1odide therapy and excision but
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such animals on the farm or from manufacturing and processing
their products 1n factones and canneries. A red macule develops
that enlarges and produces a vesicle which ruptures leaving a
characteristic black gangrenous base There may be surrounding
vesicles The lymph glands will become enlarged and tender with
associated malaise and fever The discase may produce septicerma
with subsequent pneumonia endocarditis and memngitis There
1s evidence that a speaific edema producing lechal factor 1s present
1n the plasma of animals dying of anthrax and thus may play a role
tn the mortality resultng from this disease A study of this lethal
factor leads to the belief that the protective anugen of B anthracis
1sa toxoid form of this specific lethal factor # Pemiaillin therapy
appears to be very effective.®

MALLEOMYCES MALLEI

This organism produces a rare dusease i which the infected
mucus from horses mules or donkeys enters an abrasion of the
hand causing an 1mitial lesion that 1s called farcy A granuloma
tous lesion develops which ulcerates and becomes encircled by
small vesicles and pustules with associated lymphangins and
lymphaderutis The ulceration may spread mto the muscles or
nfection may spread to the lungs peritoneum skin joints and
bones Diagnosis 1s made by smear culture and guinea pig inocu
lation There 1s also a subcutancous mallein test agglutination
test and a complement fixation test

NEISSERTA GONORRHOEAE

This produces tenosynovitis of various tendon sheaths or
arthritis of the wrnist and finger jomts The acute tenosynovitis
may be difficult to dragnose from an ordinary pyogenic infection
Diagnosis 15 made by smear and culture of the infected nssue
Peniallin 1s the anubiotic of chorce

ERYSIPELOTHRIX RHUSIOPATHIAE

This organism 1s found 1n a wide range of amimals and produces
swine erysipelas It sunnes in decomposing nitrogenous material
and often 1s found in decomposing fish shellfish or meat It pro-
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COCCIDIODES IMMITUS

This orgamsm rarely affects the hnds When 1t does 1t
produces shin nodules or ulcers Diagnosis 15 made by examini
tion of smear culture and complement fixation tests Goren *
reports a case of osteomyehis of the muddle phirlwnx of the left
index finger due to a cut with a jagged un can Following ampu
rtion of the finger the gross speaimen showed ostcomyehts
composed of tubercles made up of cpithelioid cells and giant cells
n the center of which there was nccrosts and cascation  Within
this material were scen sphencal bodies with doublecontoured
refractine membranes and cocadioides were found 1n the tissues
A cocadioidin shin test and complement fixation test were
IX)S“!\C

Walker and Hall ** report an interesting case of tenosynovitis
of the ulnar and radial bursa 1n a patient who on pathological
examinauon showed doubly refracuile spherules with endospores
and a diagnosis of cocrdioidomycosis was made Serum comple
ment fixation and cocaadiotdal skin tests were positive Thas 1s the
first reported synovial mamfestation of cocaidiodal infection

MYCOBACTERIUM ULCERANS

An 1nteresting case of this disease was that of a Mexacan farmer
who developed an mfecton 1n the terminal portion of the index
finger which 1n spite of treatment progressed to mnvolve the entre
finger requiring surgical obliteration * Tuberculin and lepromin
tests were positive Histologic examination of the tissues showed
aad fast baallt After two months there developed a growth of
an acid fast bacillus which had the cultural characteristics of
M ulcerans Treatment consisted of DDS and antibiotics to con
ol the sccondary infecton This subsequently healed at the
end of eight months
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there was recurrence of the disecase eighteen months later
Moore * had a somewhat sumular case 1n 2 patent with a swollen
night arm who never left Musissippr or Missour1 There was a
small (25 cm) non tender freely movable nodule n the skin
over the outer surface of the nght wrist which had been present
for approxumately fifteen years Eventually the area became larger
and at the time of observation the nght hand and forearm were
swollen and discolored up to the elbow demonstrating numerous
soft fluctuant unruptured and ruptured nodules There were
many dramnng sinuses from which could be obtained a thick
sticky blood streaked exudate or discharge There were noticeable
changes 1n the carpal bones with almost complete resorption of
the greater multangular and trapezium Cultures of the exudate
showed the organism to be a speaes of Madurella. He was treated
with perzallin  terramycin  potassium and sodium 1odide but
after demonstrating no response the arm was amputated Micro-
scopic secuon showed marked fibrosis and chronic inflammation
around large masses of the organism In additton there were many
inflammatory cells such as polymorphonuclears eosinophils and
small round cells with many large foam cells and mononuclears.

BLASTOMYCES DERMATITIDIS

Infection of an abrasion or wound of the hand by this organ
sm produces a papulopustule which spreads penpherally The
center may heal leaving a scar surrounded by a spreading border
A systemic type of disease beginning 1n the lungs with a hemato-
genous spread to the sken and bones may occur Diagnosis 1s made
by smear and culture of the draining matertal Iodides and x ray
have been advised for treatment.

SPOROTRICHUAM SCHENKII

This widely distributed fungus may infect the extremities
through abrasions of thorn pricks A pustule or abscess develops
with nvasion of regional lymphatics producing a thickening of
the lymph vessels with muluple granulomas along the coune
of these vessels which may rupture spontancously Diagnosis 1s
made by examination and culture of the dramning material Treat
ment with 1odides may be of value 7
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CHAPTER 5
ANATOMICAL LOCALIZATION

thn suppuration develops n the hand 1t localizes in vartous
anatomical spaces which must be ncised adequately 1n order to
dramn the purulent matenal Such incisions should avoid tactile
surfaces of the fingers and palms and should not cross flexion
creases. An exact hnouledge of the varous spaces 1s essential
to prevent damage to underlying and adjacent structures

PULP SPACES

Infection 1n the distal pulp space of the finger one of the
most commonly imvohed areas in the hand 18 more commonly
known as a felon The distal pulp space 1s separated from the
pulp space of the more proximal phalanx by an oblique septum
which passes from the shin of the mterphalangeal crease to the
fibrous tendon sheath ! The fascia extending from the skin to
the periosteum of the distal phalanx divides the pulp space nto
many fat containing pockets The most common nfecting
organism 1s Staphlococcus aureus which enters the space through
puncture wounds

The fingertip becomes painful swollen indurated and tender
(Fig 40) Since the appearance of suppuration mdicates immed1
ate wnasion many authors have attempted to correlate this with
chinical signs Harnson et al* found that when the finger was
swollen more than 12 per cent 1t would almost invarably contain
pus Murray * grades the tension 1n the finger as follows Grade 1
a shght resistance to the examuning finger Grade 11 a firm rub-
bery resistance Grade 111 2 hard and woody sensation In Grade |
cases necrosis was present mn 27 per cent Grade I 40 per cent
Grade IIT 55 per cent. He therefore believes that tension in the
tinger ndicates the amount of underlying tssue necrosis He
also finds that the intensity of pamn 1s 1 direct proportion to
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Treatment 1s nsuituted as soon as there 1s evidence that pus
has accumulated 1he carher the treatment the quicker the
healing time nd the fewer the comphications 242 1

\lthough there 15 much dispute concerming the mntter the
author believes the correct mesion should begin on one side of
the proximal third of the distal phalans be carnied around the
end of a finger passng just beneath the nail to the oppostte
comer of the nul and extend for another hall centimeter on
the opposite side of the phalanx (Fig 41a) The fibrous septa
connecting the penosteum to the skin are cut through making
the enure pulp space one avny (Fig 41b) In this manner the
distal pulp will be opened as a Mlap and will not close due to
edema Al necrotic and sloughing ussue 1s excised (Fig 41c) ~13 17
If loose bone 15 found 1n the pulp 1t 1s removed There are
many cases of complications arising from such masions but these
are caused by carrying the nciston across the tactile surface of

Figure 41 Surgical treatment af a felan. A} Inclsion around p of f nger
Just beneath nail  B) All fibrous septa are incsed.  C) Necrotic timue Is
exased.
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the degree of tension and the old observation that “if the patient
has had a sleepless might owing to pain operate was based on
sound observation Seiveral authors have advised transillumination
of the imnfected pulp space to preasely localize the appearance
of pus.ss

Figure 40 Felon of nght thumb.

If felons are not adequately drained at an early stage, they
will develop complications such as skin and fascra necrosis and
osteitzs. The complicanion rate varies as follows Harmson et al.,
47 per cent * Bailey 214 per cent * Pilcher et al 24 per cent,”
Robins, 60 per cent.® The presence of these complications will
miple or quadruple the healing ume of the infected finger

The age of the panent bears some relation to the presence of
comphications Barclay * found that only 10 per cent of panents
with ostert1s of the terrminal phalanx were under the age of thirty
whereas 60 per cent of the uncomplicated cases were in this
age group

The osteitis may be produced by ischemra of the diaphysis of
the terminal phalanx caused by the increasing pressure of the
infection ! Bolton ef al ¥ challenge this concept of occlusion of
the digrtal vessels and believe that bone mvolvement 15 due to
direct extension of infectton to the penosteum However 1t s
possible that both mechanisms play a role.
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simlar group of observers Always plice their nciston at the site
of sinus formation 2% 1= A holder approach has been an mcision
of the felon with exasion of necrotic tissue and immedine
suture 2122020 [ouever a resiew of the most recent of these
arucles revcaled that when there was primary heahing the average
tume was eleven days ™ When there was no primary healing the
average healing time was shirty four days In other words when
prmary heahing takes place by this immediate suture the average
healing time 15 1bout the same 73 for the standard draunage
methods If 1t does not occur the healing time 1s prolonged The
success of these vanous modifications ol the limited ncision
method seems to rely on pemcillin

Harnson et al * found that 90 per cent of ifections were caused

Figure 43 Properly placed mdislons for felons of thumb an
gve excellent resules

d index [inger
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the thumb thus giving rise to shin necrosis dorsal to the nasion
and to a scar on the tactle area (Fig 42) 1

A deviation from this incision 15 made only 1n cases where a sinus
has deseloped with necrosts of adjacent skin An elliptical incision
around the sinus including the necrotic shin to establish drainage
will be satisfactory Since the sinus already 1s present 1t 1s not
possible to prevent a scar on the tacule area

Figure 42. Poorly placed inasion for felon producing deformed fingerup.

Following ncasion and drainage as previously described a
rubber drain 1s placed 10 the wound for forty-eight hours after
which daily soals are mnstututed and a dry stenle dressing applied
between soaks. This method of treatment gives a good functioning
fingernip without a scar on the sensiive area (Fig 43)

Since the adient of penicillin there have been many vanations
mn the types of treatment advocated most from Great Braun
Numerous authors advised placing an ellipucal mcsion at the
site of pus accumulanion and fashioning the ncasion so that the
pus cavity 1s saucertzed. No drains are inserted The nasion
usually 1s placed 1n the drrecuion of Langers lines TR A
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the eponychium and paronychium which often follow mlection
at the basc of hangnails Pus may be hmited to onc small rea
m the paronychim or eventually spreid completely around the
base of the fingernu! and underneath the nul stripping 1t from
1ts bed In a sencs of 572 cses the fingers were found to be in
volved 1s follows thumb 167 mdex 111 muddle 157 ning
105 and fifth 31 ¢

In an carly paronychia dramage may be accomplished by
merely pushing away the paronychium and allowing a drop of
pus to exude the more compheated cases requure the classical
wcision of Ranavel (Fig 44) Two inasions are made at the

Figure 44 Surgical treatment of paronychla s dondlateral inasions
distal to nail matrix b excision of proximal half of nail if pus 15 beneath it

lateral angles of the nailbed dustal to the lunula so as to avoid
damaging the nail matrix They are extended lateroproximally
and the eponycinal flap lifted from the narl If pus 1s found under
the nail 1t 1s essenuial that the entire width of the proximal nail
be remozved since 1f a portion 1s left granulation tissue may push
through the defect and become persistent.

The comphcations of paronychia have been reported by numer
ous authors Bailey ® found 119 per cent complications 1n over
500 cases The most common were stiffness of the interphalangeal
Jomnt and prolonged sloughing of tusue Other complications 1n
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by strains of staphylococcus aureus which were peniallin sensitive
When pentallin resistant organisms increase 1n Great Britam
they probably will resort to more adequate incision and drainage

Some surgeons still rely on x ray for treatment of felons ==

There 15 a vartant of abscesses of the distal pulp space known
as the apical abscess *T This hes 1n the distal pulp space under
the nail bed and antertor to the phalanx Osteitis seldom occurs
and hence the average healing ume 1s short. Treatment consists
of inasion and drainage of the antenior distal pulp space by an
masion just underneath the nail bed The lateral prolongations
on cither side of the finger are not necessary

Another mfection of the finger that may simulate a felon when
1t occurs along the distal pulp 1s a sub-epithelial abscess m which
the underlying pus can be seen through the thin epidermal wall
It merely requires an unroofing without anesthesia Houever
1t must be cautioned that this occasionally may mask an under
Iying deep abscess 1 which a sinus tract can be demonstrated
leading to the subepithelial abscess

The pulp spaces of the middle and proximal phalanges may
suppurate and usually are referred to as subcutaneous abscesses
of the fingers. They are commonly caused by staphylococcus and
require mncasion and dramnage by a mud lateral masion along the
miolved phalanx using the lateral edges of the digutal crease as
a landmark for the mcision They are not complicated by bone
nfection as are ordinary felons but the following complications
have been found delayed separation of slough residual suffness
of the finger involvement of tendon sheath and terphalangeal
jownt * Another obvicus complication may be the development of
a web space abscess when infection travels along the lumbncal
canal from the proximal phalanx into the web space. When the
subcutaneous infection or felon of the proximal phalanx 1s opened
by a lateral masion care should be taken to avoid interference
with the web space The nason 1s placed along side of the
phalanx and carried over the dorsal surface of the web space
50 as not to damage the web fold **

PARONYCHIA

Paronychtas are subcuticular and intracutaneous infections of
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the eponychium and paronychium which often follow nfection
at the base of hangnails Pus m1y be limuted to onc small area
n the paronychium or eventually spread completely around the
hase of the fingernail and underneath the nul stnipping 1t from
1ts bed In a senies of 572 cases the fimgers were found to be
volied as follows thumb 167 ndex 111 mddle 157 nng
105 and fifth 31 ¢

In an early paronyclia drunage mty be accomplished by
merely pushing away the paronyclium and allowing a drop of
pus to exude the more comphcated cases require the classical
incision of hanavel (Fig 44) Two mcasons are made at the

Figure 44 Surgical treatment of paronychia. a. domsilateral
incions
distal to nail matnx. b excision of prowimal half of nail if pus is beneath it

lateral angles of the nailbed distal to the lunula so as to avoid
damaging the nail matrix. They are extended lateroproximally
and the eponychual flap hifted from the narl If pus 1s found under
the nail 1t 15 essential that the entire width of the proximal nail
be removed since 1f a portion 1s left granulation tissue may push
through the defect and become persistent P
The complicauons of paronychia have been reported by numer
ous authors Bailey * found 119 per cent complications 1n over
500 cases The most common were stiffness of the nterphalangeal
Jont and prolonged sloughing of tissue Other comphcauomgm
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clude lymphangitis and extension of cellulius from the distal
phalanx up the finger Rarely the infection may extend to the
pulp space and very rarely 15 bone mvolved Maost of the complica
trons are secondary to 1nadequate primary operation * 4

Lowden ! found two cases of gangrene of the finger and three
in the toe provoked by operations for paronychia He pomnts out
that ctrculatory inadequacy should be carefully invesugated 1n
all cases to avoid such complications He also lists suppurative
arthntis as another complication of paronychia and believes
that joints afflicted with chromc arthmtis are particularly sus
ceptible to secondary infection

Chronic paronychia should make one suspicious of fungus
infection which 1s quite common 1n people whose hands are
frequently mmmersed tn water Treatment of this consists of
keeping hands dry and using rubber gloves whenever possible as
well as subsututing a soapless detergent for cleansing purposes
The infected areas can be treated with one per cent agueous solu
uon of Gentian violet, or ammomated mercury (5 per cent)
owntment applied twice daily

WEB SPACES

The web spaces between the fingers are compartments bounded
on either side by ships of palmar fascia extending from the pre
tendinous bands down to the proximal phalanges Proxumally
the web spaces are outhned by the superficial transverse palmar
higament distally by the natatory or intradigital ligament Volarly
there 1s a fat pad overlain by the volar skin and domally the
domsal shin of the web space This space contains the digital
nerves and artenies and the lumbrnical muscle on the radial side
of the finger

The ussue 1 this space 1s a common site of mfection from
skin abrasions calluses or splinters The nfection usually will
point on the palmar aspect of the web space but may spread
dorsally by lymphauc invasion or direct spread It also may extend
along the lumbrncal canal erther distally into the proximal phalanx
or proximally into one of the palmar spaces Treatment of an
abscess 1 this space requires 2 curving wcision over the volar
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surface of the mierspace (Fig 451) A domal extensim of the
infection may be reached by a longitudinal incision on the dorsum
of the web (Fig 46A) The web should not be meised completely
stnce this will lead to an adduction contrcture of the hingers
Several authors advise 1 transverse masion over the web space
with exasion of some Adjacent shin and subcutancous tissuc so as
to promote dranage® hole! uses a longnudinal spindle
shaped wcision similarly exaising some of the adjacent shin

Hg O Fig 46

Figure 45 Indsions for draining infections of the hand. A web space*

B mud paloar Gand € quaddlateral space of the forcarm D and E, digital
tenosynovitls F radial bursa G ulnar bura,

Figure 46. Indsions for hand infection. A, web space th pace-
C, doral space pacer T thenar »

Occasionally people dealing with hair or hides may develop
lesions produced by short hairs which work imto the stan and
stmulate a foreign body reaction In the dairy industry these
are known as millers granuloma Matheson reports this
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type ot stnus in the web space of a wool worker There have been
numerous cases reported that have been found in barben. s
These tesemble prlomdal sinuses and are caused by the hairs
becoming embedded 1n the skin giving rise to an nfection which
produces a small opening ** As a result of repeated entries of hair
the opening persists and becomes larger with eventual epithelializ
ation of the cavity Ten lesions have been found among seventy
seven gentlemen hardressers but none among sixty-one lady
hairdressers demonstrating that 1t appears to be due to short
hairs rather than long Joseph et al ** found the disease n hifteen
of 115 barbers These authors studied thirty specimens taken
from the mterdigital webs but could find no hair follicles demen
strating that the hairs 1n the sinuses were extraneous and pene
trated the epidermus directly and not through a hair follicle

SUPERFICIAL PALMAR FAT PADS

In the palm of the hand there are fat pads over the thenar and
hypothenar eminences which may be the site of an abscess These
pads may be confused with some of the more important palmar
spaces Treatment consists of mciston over the area of fluctuation

THENAR AND HYPOTHENAR MUSCLE SPACES

The fascia covening the hypothenar and thenar muscle groups
form potenual spaces which may be the site of abscesses. These
are dramned by suitable incisions over the area of maximum ten
derness and fluctuation Care must be taken to dramn the thenar
muscle space abscess at some point distant from the motor branch
of the median nerve This pomnt has been well described by
Kaplan ® using the cardinal line as a landmark This Lne 15
drawn from the apex of the interdigital fold between the thumb
and index finger parallel with the middle crease of the palm of
the hand passing near the distal pole of the pisiform bone The
ntersection of this line with the thenar crease corresponds to the
underlying motor branch of the median nerve

PRETENDINOUS PALMAR SPACE
Ths space which has been described by Iselin 3t and Birks *
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15 the space between the palimar fsan and the underlying {lexor
tendons lumbncal muscles and ulnar bursa (Fig 47)

Infection m this space usuatly lollows direct wnjury to the palm
and 1s manifested by swelling with all the fingers held 1in semt
fleson It may be dufficult to chisunguish tlus space from a
md palmar abscess It should be draned carly so that the patmar
fascia does not become imohed delaying healing due to sloughing
of fascia The masion should be made transiersely over the m
volied area going through the shin and fasaa

MID-PALMAR SPACL

This space ltes between the tendons of the fifth fourth and
third fingers and the mterosseous fasca (Fig 47) The medial

Intarosseous My DORSAL SUBCUTANEQUS SPAGE

POSTERIOR DORSAL SUBAPONEUROTIC
INTEROSSEOUS SPACE SPACE
POSTERIOR

ADDUCTOR SPACE

THENAR SPAGE 7 SN MI%FTCLMAR
: E
13t Dorsal 3
inferosseous M A
Adductor Pollicis M8 Hypothanar Musclss

PRE TENDINOUS SPACE (isslin)
Thenor Musctas

Figure 47 Disgrammauc crow section of hand demonstratng important
fasaal spaces.

wall 1s formed by the septum extending from the palmar aponeur
os1s to the fifth metacarpal bone which separates the opponens
muscle from the fourth volar interosseous muscle. The dorsal
wall 1 the volar interosseous fasa covering the interosseous
muscles m the third and fourth mtermetacarpal spaces and the
fourth metacarpal bone The volar boundary 1s the ulnar bursa
surrounding the tendons of the fifth fourth and third fingers
The lateral boundary has been much disputed  Flynn ® found

4
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1t present 1in 100 dissected hands and believes 1t to be fascia from
the undersurface of the flexor tendons of the middle finger
extending along the entire length of the middle metacarpal bone
Raplan * believes 1t 1s the attachment of the ulnar bursa to the
fascia over the third metacarpal bone and 1n the hands dissected
by the author this would seem to be the most logical explanation
Jamicson # describes 1t as  the obhique septum  which 1s roughly
a quadrlateral septum distinct from the aponeurotic septa of the
palmar fascia extending from the volar surface of the third meta
carpal bone in common with the onigin of the adductor transyersus
pollicts which passes obhiquely 1n the same direction as the fibers
of the adductor transiersus pollicts to join the undersurface of
the palmar aponeurosis and splittng to enclose the tendons to the
index finger and the first lumbncal muscle Although there 1s a
difference of opimion as to the ongmn of this septum there 1s
certamnly confirmation of hanavels original demonstration of
1ts presence

Distally the mid palmar space empties into the third and fourth
web spaces and along the lumbrical canals of the three medial
fingers Proximally the ulnar bursa 1s 50 adherent to the posternior
carpal tunnel that there 1s virtually no communication between
this space and the quadnlateral space of the forearm

An abscess develops 1n this space following puncture wounds
or web space infecuons Other causes may be septic abrasions
suppuratine tenosynovitis ostcomyehitis and septic lacerauons.
The chimcal picture 1s manifested by swelling and tenderness 1n
the central area of the palm The third fourth and fifth fingers
may be held 1n partial flexaon and usually there 1s dorsal edema

Drainage 1s instituted by a transerse inasion over the area
of maximum swelling which 1s carned through the palmar fascia
(Figs 48 and 45B) The tendons and nerves are bluntly pushed
aside and the pocket of pus underneath 1s 1solated After removal
of pus and rmganon of the wound any necrotic sloughing fascaa
15 excised and a rubber tssue dram serted to keep the wound
edges open Following inasion and drainage the hand 1s placed
in the posiuon of function At the end of forty-eight hours the
drain 1s removed and the hand soaked daily with half strength
Dakin s solution
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The prevalence of antlioucs his reduced the inctdence of this
fection so that Flynn 33 found tlurty cises over a seven year
period 1 the preantibiotic em nd only four over 1 five year
peried m the antibiotic era
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Figure 48  Surgical treatment of mid palmar space abscess.
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1t present 1n 100 dissected hands and believes 1t to be fascia from
the undersurface of the flexor tendons of the middle finger
extending along the entire length of the middle metacarpal bone.
Kaplan ¥ believes 1t 1s the artachment of the ulnar bursa to the
fascia over the third metacarpal bone and 1n the hands dissected
by the author this would seem to be the most logical explanauon
Jamieson ¥ describes 1t as  the oblique septum  which 1s roughly
a quadnlateral septum distinct from the aponeurotic septa of the
palmar fascia extending from the volar surface of the third meta
carpal bone 1n common with the ongin of the adductor transversus
polliczs winch passes obliquely 1n the same direction as the fibers
of the adductor transversus pollias to join the undersurface of
the palmar aponeurosis and sphittng to enclose the tendons to the
index finger and the first lumbnical muscle Although there 1s 2
difference of opmnion as to the ongin of this septum there 15
certainly confirmation of kanavels onginal demonstration of
1ts presence

Dastally the mud palmar space empties to the thurd and fourth
web spaces and along the lumbrical canals of the three medial
tingers Proximally the ulnar bursa 1s so adherent to the postenior
carpal tunnel that there 1s virtually no communicauon between
this space and the quadnlateral space of the forearm

An abscess develops 1n this space following puncture wounds
or web space infections Other causes may be sepuc abrasions
suppurative tenosynovitis osteomyeliis and septic lacerations
The chinical picture 13 mamifested by swelling and tenderness in
the central area of the palm. The third fourth and fifth fingers
may be held 1t partial flexion and usually there 15 dorsal edema

Drainage 1s instituted by a transverse incision over the area
ot maxamum swelling which 1s carried through the palmar fascaa
(Figs 48 and 45B) The tendons and nerves are bluntly pushed
aside and the pocket of pus undemeath 1s 150lated After removal
of pus and 1rngation of the wound any necrotic sloughing fascia
1s excised and a rubber ussue drain inserted to keep the wound
edges open Following inasion and dramnage the hand 1s placed
in the posiion of function At the end of forty-eight houn the
drain 1s removed and the hand soaked daily with half strength
Dalin s solution
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on the dorsum of the web space (Fig 49) The ndex finger may
be held m shght flesion nd actine and passive motion may
produce pamn In order to disunguish this mnfection from other
abscesses and nfections 1n the arca Moses ¥* proposed the [ollow
g test  1f an object such as a broken hitchen match 1s placed
betneen the thumb and index finger and the patient attempts to
approxamate the thumb to the mdex [inger by pressing against
the edges of the match a contraction of the adductor pollicis
muscle alone will take place I this muscle 1s overlain with pus
contraction of 1t will ciuse pain at the base of the thumb whether
or not there 15 any motion 1n the metacarpal

Figure 49 Thenar space abwcess of left hand with thumb held in abduc

ton  veb space between thumb and index finger markedly swollen and
ndurated

A posterior adductor space abscess will appear more on the
dorsal surface of the first web space and the index finger can
be moved without pan

Intection of the thenar space usually occurs from puncture
wounds and rarely from suppuratine tenosynovitis septic abra

sions burns  osteomyelitis septic lacerations and extension of
lumbncal space intections of the mndex finger



104 The Hand Its Anatomy and Diseases
THENAR SPACE

The thenar space should not be confused with the thenar
muscle space or the fat pad over the thenar eminence The thenar
space 1s a wedged shaped space the floor of which 1s formed by
the volar surface of the adductor pollicis muscle. The lateral wall
comprises the three muscles of the thenar emunence The medial
wall 1s the medial septum which has been previously described
The antenior boundary 1s the flexor tendons and lumbnical
muscles of the index finger medially and the skin over the
thenar eminence laterally Distally tus space terminates by fusion
of the palmar aponeurosis with the fascia of the first dorsal inter
osseous muscle where 1t blends with the fascia of the distal edge
ot the adductor pollicis

Since an abscess 1n this space has such a close connection with
the adductor muscle 1t often 1s called the adducior space rather
than the thenar space % Pus from the antemor surface of
the adductor muscle can make s way distally and lie dorsal
to the adductor pollicas muscle!* Lannon? believes that
the web space between the thumb and index finger there are
three deep fascia spaces (Fig 47) The space antemor to the
adductor muscle 15 the usual thenar space Between the adductor
muscle and the first dorsal interosseous there s 2 potental
space which he calls the posterior adductor space  being of the
opinion that infection from the thenar space cannot make 1ts way
o this area There 13 also a potentral space between the first
domal interosseous muscle and the deep extensor fascia extending
from the second to the first metacarpal bone a so-called posterior
mterosseous space

Thus 1t appears that around the thumb there are potenually the
following spaces the subcutaneous space in which an abscess
could develop at any location around the base of the thumb and
thenar emmence the muscle bellies of the thenar eminence the
thenar space the posterior adductor space and the posterior
Interosscous space

An abscess 1n the thenar or adductor space 15 manifested by swel
Ling and tenderness immedaiately distal to the thenar emunence 1n
the web space between the thumb and index finger The thumb
usually will be held 1n abduction and there will be induration
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hours following which soaks are begun The hand 13 placed 1n the
posiion of function and chemotherpy mstituted  depending
upon the orgamism found and sensitivity tests of this organism

DORSAL SPACES

Chmally there are two dorsal spaces on the band  a subcutan
eous space between the shin and the extensor tendons with their

Figure 51 (Top) Thenar space abscess six days after adequate drainzege.

Figure 52 (Bottom) Tenosynovius of nght ind nger n¥tra
ex fi d
characteristic position of finger ' it e
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Drainage of the thenar space 1s performed by a cunved inasion
on the dorsum of the thumb wmdex web parallel to the anterior
surface of the sccond metacarpal bone (Figs 46B and 50) The
incsion 15 cartied through the fascia of this space, and the first
dorsal interosseous 1s retracted ulnarly unul the border of the
adductor pollicis muscle 1s found A hemostat gradually 1s 1n
serted antenor to this edge and the abscess cavity entered Ths

ADDUCTOR
POLLICIS

Figure 50. Surgscal treatment of thenar space abscess.

maston can be used for infections of the postertor interosseous
space and postenior adductor space as well as the usual thenar
space. This elmmnates an masion on the volar surface of the
palm and obwiates any necessity of endangering the motor branch
of the median nenve (Fig 51) After the abscess 15 opened necrotc
fasca 13 excised and a rubber ussue drain inserted for forty-eight
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as before antibiotis The most common organtsm 1s cither hemo-
lytic streptococcus or Staphylococcus aureus with the remainder
being vanous combmations of organisms ** Rarely 1t may be due
to gonococcus

The cardinal signs of tenosynovitis hase been reported by
hanavel 12 and are tenderness over the ivolved tendon sheath
pain on hyperextending the finger flexton deformity of the 1n
volved finger (Fig 52) and swellmg of the involved part In order
to distingwish tenosynovitis from subcutancous cellulitis Moses
uses the followtng test

The nail of the mmvolved finger 15 flixed Ly the examuer so

that actual flextion will not be allowed The pauent 1s then to
attempt flexson and 1f tenosynovitis 15 present this will cause
pamn Since however the finger does not move a cellulitis will
not produce pain

Gillies *° points out that these classical signs are seen only when
the tendon sheath 1s mntact. Once tension 1s released either by
leakage from a wound or by rupture of the sheath at 1ts proximal
end the flexed finger sign may disappear

The author agrees with most Amencan surgeons that tenosyno-
vitis should be incised as early as possible ‘The most useful incision
15 a mud lateral one extending the ennre length of the finge:
(Figs 45D and 58) The ends of the digital creases serve as Jand
marks for the lateral plane of this mcmion It also 15 necessary
to make a curved 1nasmon over the palmar cul-de sac of the tendon
sheath (Figs 45E and 54) After the infection 15 adequately
dramned rubber drains are placed to keep the skin open but are
not 1ncluded in the tendon sheath in order to prevent necrosis
In forty-eight hours the drains are removed and daily soaks are
begun with half strength Dakin 5 solution and the hand placed in
the position of functron 1n between soaks Flynn * studied 100
cases wherein the classic incision was performed without chemo-
therapy and found good results in 33 per cent fair in 20 per cent
and poor n 47 per cent When seventy five cases were sumilarly
mcised 1n addition to the use of antubiotics he found good results
n 68 per cent fair 1n 16 per cent and poor 1n 16 per cent At the
same ume the comphcations of the disease—such as amputation
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wtratendinous fascia and the subaponeurotic space between the
extensor tendons and the metacarpal bones and interosseous
fascia. These spaces are dramned by a longitudinal incision taking
care to avoid the underlying tendons (Fig 46C) Longitudimal
ncisions are used to prevent section and higation of lymphauc
which may lead to protracted edema puffiness and suffness of
the hngers.

Carbuncles occur most frequently on the dorsum of the first
phalanx of the finger although they may appear anywhere on
the hand The principles of treatment of carbuncles 1n other parts
of the body are applicable to the hand In additon to chemo-
therapy surgery 1s performed to incise pyogenic cavities and
excse necrotic tissue X ray may occasionally localize the infection
One must always remember that carbuncles are prone to develop
n diabetics.

QUADRILATERAL SPACE OF THE FOREARM (Parona)

This space 15 bounded dorsally by the pronator quadratus
muscle and the mterosscous membrane of the forearm volarly
by the flexor digitorum profundus tendons radially by the flexor
carpt radialis and ulnarly by the flexor carpt ulnars. Distally 1t
communicates with the carpal canal where 1t has a relation with
the radial and ulnar bursae Infection may spread to the quadn
lateral space from tenosynovitis of these bursae Chnically there
15 swelling and tenderness of the enure volar aspect of the fore
arm The abscess may be dramned by a longitudmal masion
parallel with the medial borders of the radius or ulna taling
care 1o avord the underlying structures (Fig 45C CY)

TENDON SHEATHS

A knowledge of tendon sheath anatomy 1s a basic requirement
tor correct surgical treatment of tenosynovitis The usual anatom
tcal patterns have been discussed in the chapter on anatomy
Infection of the tendon sheath 13 caused by a puncture wound
or spread from neighboring processes such as felons of the proximal
phalanx human bites burns etc Since the advent of antubiotics
the number of tenosynovitis cases 15 about one fourth as common



Anatomical I oraliation m

tendon sheaths with subsequent 1rmgation by peictllin (cither
by needle or in-dwelling catheter) or by small latertl incisions with
wngation by pemailin are A1l that are necessary 3THIT @00

Tlns difference of opinion as to the proper meision between
Amencan and Furopew authors 1s diflicult to reconctle Certanly
an nfection with an antibiotic sensitive orgamsm could he con
servatnely treated by a small mcwsion to establish the diagnoss
plus the proper antibiotics. But such a sensitinaty study may take 2
day or two and 1f a wrong guess was made the tendon 1s lost Is 1t
not bLetter to use a method proven before anubiotics and to use
these as an adjunct rather than a substitute

When the radial bursais imvolved there will be the usual signs
of tenosynovits m the thumb associated with tenderness along
the course of the bursa. In addition to the usual digual inciston
on the thumb the bursa may be drained by a cunved inctsion over
the ulnar aspect of the thenar eminence taking care to avoid the
underlying motor branch of the median nene (Fig 45F) The
cul-de sac of the radial bursa mn the wrist 1s found and dramned
through a longitudinal mciston 1mmediately ulnar to the distal
three inches of the flexor carpi radiahs (Fig 45C!) If the volar
carpal ligament must be ncised to dran this tendon adequately
1t should be opened on 1ts lateral side rather than n the middle
to avoid prolapsing of tendons

Infection m the ulnar bursa presents a swelling on the palmar
and dorsal surfaces There 1s tenderness along the course of the
tendon sheath of the fifth finger and along the ulnar bursa There
may be tendemness just proximal to the tranmene carpal hga
ment w the wrist. All the fingers are held semi flexed and pam
1s produced on attempung passnne extension There 1s limitation
of motion of the wrist. The incisions to be used n opening this
infection are 2 mid lateral inasion along the fifth finger a cun ng
palmar incston which just skirts the hypothenar eminence (Fig
45G) and an 1nasion just radial to the distal three inches of the
ulna (Fig 45C) The fascia of the forearm 15 incised 1in Line with
the forearm inaision and the flexor carpr ulnans 13 retracted
radially The pronator quadratus muscle 15 exposed and lying
on 1ts distal portion 1s the bulging cul-de-sac of the ulnar bursa
which 1s incised If the bursa has ruptured nto the quadnlateral
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tendon slough ostecomyelitis thenar and ymid palmar space ab-
scesses sepuc arthnus radial and ulnar bursitis and abscess
of the quadnlateral space were markhedly decreased

Other authors found that the classical mcision 18 not necessary
and that small incisions on the distal and proximal ends of the
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Figure 58 (Top) Mid lateral incision for tenosynoviths of finger

Figure 54 (Bottom) Cunvilinear incslon over proxmal cul-desac of
tendon sheath.
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other orgamsms spread 1n thus fashion Chnieaily there 15 a high
temperature tachyeardia and malaise sociated with red strcaks
along the course of the lymphauc vessels The enlirged lymphatic
vessels often may be palpated by oling or greasing the shin and
palpating over this Treatment consists of pemcillin plus tmmobul
1zation with warm moist packs.

o
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space of the forearm a counter inciston 15 made on the opposite
side of the forearm.

JOINT SPACES

The joints may become infected by trauma spread from neigh
boring infections or metastasis The most common organisms are
streptococcus  staphylococcus and rarely gonococcus.

Infection 1n the digital and metacarpophalangeal jowmnts may
present swelling redness tenderness excessive mobility and
crepitus X ray will reveal the disease by the second or third
week when decalcificauon and erosion of the jomnt line may be
seen When the nfection spreads beyond the joint 1t tends to
spread dorsolaterally since the capsule 1s most thin at this point.
Rarely the infection may spread antenorly into the flexor sheaths
particularly a¢ the proximal interphalangeal jownt. Treatment 13
by chemotherapy surgical inasion and immobilization 1n the
position of function Usually two lateral inasions over each jownt
are sufficient for adequate drainage Moton 1s started as soon as
the infection has subsided

Infection of the wrist joint 1s demonstrated by swelling pamn
and tenderness 1n the region of the wrist A persistent swelling
on the dorsum of the wnst 1s farrly pathognomomc Crepitus in
this joint 1s a late mamfestation X ray taken dunng the second or
third week of the discase will show disintegration of the carpal
bones The principles of treaunent are the same with the wrist
joint as 1n other joints The nasion usually 1s performed over
the ulnar side of the wrist as recommended by Bunnell *¢ Through
a lateral mason over the joint the tendon of the flexor carpt
ulnans 1s severed at 1ts mseruon The wrist jomt can be opened
widely by cutting the joint capsule and necrouc carpal bones
removed 1f necessary The head of the ulna 1s removed to permit
pronation and supinaton Immobilization should include the

upper arm to prevent suptnauon and pronation The posizon
of the wrnist should be midway between suptnation and pronaton
with about fifteen degrees dorsifiexzon

LYMPHATICS
Lymphangins usually 1s produced by streptococc: but many
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CHAPTER 6
GENERAL PRINCIPLES

Hand injurnes are responsible for cnormous economic and socral
losses to a nation Koch ! and Flynn 2 report that one third of the
2 000 000 occupational acadents that occur cach year iy olie the
hands and forearm producing a tremendous financial burden
In one plant alone Barden? reports that 47 per cent of 7 356
acaidents resuited mn mnjurtes to the hands and wrist These figures
staggening as they are do not take mto account the anxiety pain
and psychological damage to the injured person When one realizes
that the great majonty are due to the human element these
injures are all the more tragic. Barden ? found that 85 per cent
of cases are due to dufficuluies ranging from pure carelessness to
horseplay fatigue famuly troubles 1llness supervisory tncapability
and plain mental incapactues Poor job sclection was an after
math of the last war when men who were not properly quahfied
took on a job developed semiority and could not be transferred
Only 15 per cent of his cases were due to failure of machines
poor design of operation poor hghting of operation etc

All severe lacerations of the hand require care 1t the operaung
room An adequate history should be taken and physical examin
ation performed to discover systemic disease The lhistory 1s of
great importance 1n ascertaining factors essenual to therapy such
as the causative agent place of injury arcumstances under which
1t took place type of first aid treatment, and the tme lapse from
mjury to hospital admisston Other significant factors are the
patients mentality age dominant handedness previous njury
occupation and reaction toward his mjury The Lknowledge of a
patient s occupation 1s essential since the funcuons of a laborer
clerh and model are quite different. Some desire functional
improvement whereas others are interested 1 cosmeuc resulis
Also the hobbies and athletic tendencies of the pauent should
be taken 1nto account since an operation that would satusfy a

{110}
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wound 15 dmped for operation

Debndement 1s done with remosal of all dead and devitahized
ussue The more expenience one obtams m debridement the lower
the mfection rite will be EllsT finds that when seting up an
assembly line techmique for the treatment of mjyured hands the
nfection ate 1s always higher m the first group of cases treated
by a new group of students and doctors thw later 1 ther
experience

Following debndement repair of the myured deep structures
1s undertaken Although detatled treatment of these will be
gnen i subsequent chapters a few general remarks are 1n order
As a general rule except with gross contarmnation fractures
and distocations are teduced 1essels hgated and nenves sutured
The man problem concerns tendon njuries and the decision to
perform primary or delayed suture Thus depends upon the type
of mjury cleanhiness of the wound and the tme interval be
tween injury and treatment.

When tncused wounds are clean pnimary wound closure may
be done withun twenty four hours 1f there are no signs of nflam
maton Tendons outside of sheaths may be repaired up to twenty
four hours but tendons inside of sheaths should not be reparred
beyond twelve hours When ncised wounds are dirty and de
bridement 13 good the wound may be primanly closed up to
tuwelve hours No intravagmal tendon repair should be attempted
but extravaginal repair 15 possible within six hours If debnde
ment 1s incomplete delayed wound closure 1s performed

Avulsed clean wounds may be closed within twelve hours if
there 15 no sign of inflammation Intravaginal tendon Teparr
should not be done but extravaginal repair s possible up 1o
ten to twelve hours When avulsed wounds are dirty but debnde
ment complete, pnimary closure may be done within twelve hours
with extravaginal tendon repair performed up to six hours If
debridement 1s mncomplete delayed wound closure 1s performed

Crushed clean wounds may be pnimanly closed within tnelve
lours 1f no inflammation 1s present and extravaginal tendon
repair possible within ten to twelve hours Intravaginal reparr
should not be attempted Crushed dirty wounds with complete
debndement may be closed within eight hours with extravaginal
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patient s occupatuonal requirements but which would prolubit
him from playing golf might semiously tnfluence his opinion of
the resule®

Prior to operation a detailed examnation of the hand and arm

15 begun with a sterile dressing applied to the wound Examination
should include tesung for motion and sensation There are
several clinteal prifalls which should be avoided For example,
if the hand 1s panful a particular movement often 1s absent even
though the structure 1s intact. On the other hand a partully
lacerated tendon could function if no pressure was exerted on 1t
but would pull apart with the shightest exertton Substitute
motions are often a source of difficulty For instance flexion of
the metacarpophalangeal jomt of the thumb by the short flexor
rmught lead to confusion when diagnosing a lacerated flexor
pollicis longus The type of wound should be noted since 1t is
well known that nased wounds heal better than crushed or
avulsed ones Proper x rays are taken to insure correct evaluation
of fractures

Pattents with major mjunes are operated on under general or
regronal anesthesia All 1njuries are repaired 1 a bloodless field
obtained by application of a tourmquet to the upper arm after
the arm has been made 1schemic by elevation or wrapping with
an elastic bandage Durng the operation the tourmiquet should
be released every hour to prevent ischemic changes in the nerves
or other soft tissues. Bruner ¢ emplasizes the vanous safety factors
in the use of a pneumanc tourmquet. He believes that younger
people can tolerate 1schemia longer than older people that people
having a rheumattc diathesis become stiffer sooner than others
that 1schemia due to crushing or destruction of blood vessels may
make the use of a tourniquet harardous.

The surgeon dons a cap and mask, scrubs 1n the usual fashion
and puts on a sterile gown and gloves The mjured hand 1s shaved
from the elbow 1o the fingertips and washed for twenty minutes
with soap Care must be taken to avord scrubbing the wound
The surgeon changes gown and gloves (if there 15 another surgeon
on the case he takes over) and the wound 1s irmgated wath saline
solution the amount depending upon the degree of injury
Following this the surgeon changes gown and gloves and the
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tendon repair done up to six hours If debnidement 1s incomplete
delayed wound closure should be performed Using this method
of therapy Flynn? reports a sepsis rate of 147 per cent in 612
cases seent over a five year span

After the wound has been closed the hand 1s placed 1n a plaster
of Paris cast or pressure dressing 1n a position of functuon when
ever posstble depending upon the structures involved Tetanus
antitoxin or tetanus toxoid 1s gnen depending upon the previous
immumzaton of the patent. If there 1s any doubt, both methods
are used Pemiaillin has become routine for the first few post
operative diys but there 1s a grave question as to the value of
this procedure The pattent s hospitalized for all serious mjunes
until one 1s sure that infection 1s not present in the wound

The after care of hand mjuries will depend upon the structures
miolved but generally after the sutures are removed and the hone
stabilized active and passne motton 1s begun Whirlpool baths
and soaks may be used to reduce pain 1n the hand so that move
ment 13 facilitated Several authors use cortisone and allied
steroids as an adjunct to the treatment of post traumanc stiff
ness *1° However the value of this procedure 1s questionable
Barden ? points out an important point in that the rehabilitatron
should not only relate to the hand but also to the patuent s psycho-
logical approach to his 1llness An attempt should be made to get
the patient back to worl as soon as possible
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Figure 55 Rotauon flap

Figure 56 Advancement fap



CHAPTER 7
SKIN
LACERATION

After careful debndement and cleansing of the wounded area
early coverage with shin 1s essenual to prevent subsequent scar
ussue formation i the hand The shin edges must be brought
together without tension and handled as atraumatically as posstble
In order to bring the skin together without tension 1t may be
necessary to undermine large areas

If there 1s skin loss vanous combinations of free skin and flap
grafung may be necessary Local skin flaps can be used for small
defects. Their general purpose 1s to relieve tension on the suture
hne to nsure that vulnerable structures such as bone tendon
or nerve are covered by skhin and fat, and to alter the site or
direction of potential scar or tension lines An excellent study
has been presented by Rank and Wakeficld !

When designing local flaps 1t 1s well to remember that the
triangle 13 the basis for such flap design so that wounds should
be tnmmed or shaped in thus fashion The simplest flap 15 2
rotation flap whereby the incision 1s lengthened from one apex
of the triangle curving toward a line projecting from the opposite
base of the defect (Fig 55) The length of this incision depends
upon the anaromical detaxls of the region and the elastiaty of the
skin This flap 1s undermined and sutured to the other side of
the wound so that the tension 1s distmbuted over a wider area

Where the rotation flap 1s not feasible an advancement flap
may be executed The defect 13 covered by a swinging local flap
and the resulung donor site 1s covered by a split thickness graft
(Fig 56) In planning such a flap 1t should be remembered that
the hinge of the graft 1s the base of the flap most distant from
the defect As can be seen by the diagram A X should equal A X

When defects are so large that local flaps cannot be used

[124]
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other types of grafting must be performed If the underlying
structures are not vital ones the defect may be covered with a split
ttuckness graft Houwever af the graft has to be pliced on the palm
of the hand or covers tendons or nenes 1t 1s best to use 1 broad
based flap graft

The fap grift 1s of great value i fingers for covering defects
on adjacent surfices A cross finger flap may be of value when
1t can be rased from the lateral surface of one finger and trans-
ferred to the volar surface of nother the resulung donor site
being closed with a sphit thickness grft? For other areas 1t 1s
necessany to use either the opposite forcarm (Fig 57) or the
chest or abdomen depending upon the need and situation A cross
arm bndge flap often 1s useful for repairing such defects (Fig 58)
If fingers are to be amputated they may be fileted and the soft
tissue used as flap grafts?

In scvere avulsed wounds the flap must be carefully obseried
to be sure that 1t 15 viable It 1s necessary to remone all subcutan
cous tissue and replace 1t as a full thickness graft However 1f the
flap has been crushed 1t should be discarded and a skin graft used

No matter how large the shin defect 1t must be closed even
1fa split thickness shin graft 1s all that 1s possible Thus the patient
can be prevented from deseloping contractures and snffness of

the hand due to an exposed wound ** Subsequent excision can
be done with the proper resurfacing

AMPUTATION

Every cffort should be made to mawntamn the length of the
thumb index and muddle fingers This 15 not quite as essential
with the ning and fifth fingers The nerve ends always are searched
for and cut back sufficiently so that they will not become 1n
corporated 1n the scar If approximately a third of the natlbed
Temains 1t 13 1mportant to remove this since the resulung nail

«—

Figure 57 (Top) Finger flap graft uung oppoute forearm. {Courtesy Dr
Anthony Zovickian )

Figure 58 (Bottom) Cross

atm  bridge fe. (Court, D
Zovickian,) gra ( esy T An!hony
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will never be satisfactory and may lead to a deformed and pamn
ful stump

If very small portions of the fingertip are removed no treat
ment may be necessary other than resuture or permutung the
wound to heal by secondary intentuon When larger areas of the
fingertip are removed but do not winclude bone a spht thickness
shin graft usually 1s successful and funcuons well

When the amputation involves the bony phalanx, split thick
ness grafts may be unsausfactory since they become adherent to
the bone and result in a senmitive fingertip In this case there
are several procedures possible such as full thickness grafts,
plastic repairs and the use of skin flaps

Figure 59 Mecthod of applying presure to fingerip skin grafu. (2)
Sutures are left long (b) they are tied over foam rubber

Full thickness grafts have been sansfactory m my expenience.
Usually they are taken from the forearm in a size sufficient to

-
Figure 60 (Top) Amputauon of fingertip with lows of pulp (Courtesy Dr
Anthony Zowickian.)
Figure 61 (Bottom) Thenar flap graft clevated and sutured Into [ingerup
defect. Donor site covered with 2 split thickness graft.
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match the defect and are placed on the fingertp after the subcu
taneous tissue has been removed The ends of the suture are left
long and tied over a piece of foam rubber to insure a pressure
dressing (Fig 59) These grafts do not shnnk and 1n ume even
become shightly movable over the underlying bone Stenberg,*
had only one failure out of forty such cases Robins7 suggests
the use of a post-aurrcular skin graft An area of skin the size of
the defect 1s taken from belund the pmnna extending on to the
mastoid process Every trace of subcutaneous tissue 13 removed and
the shin placed on the amputation site and mobilized as was pre
viously menuoned He reports tharty five successful takes with
forty two such grafts

Varnous plastic repairs of the fingertips have been advised and
successfully used by some authors Riess® reported on thurty
cases 1 which he used Erlers plastic repair of the fingerup
whereby a triangular flap 1s formed with the point at the finger
crease and the base at the skin wound The tncision 15 carmed
through the skin and then this tnangular portion of tissue stll
attached to the underlying blood vessels and fascia 1s advanced to
cover the defect The resulting skin edges are then closed He
found thus type of flap to be useful 1n 1njuries of the distal fold
of the end joints but found that they were unsuccessful in stumps
when only a small portion of the nail remamned. Kutler * describes
a modified plasty where two triangles are formed on erther side
of the mjured finger which are advanced to cover the end of
the finger

When more serious mjury of the end jont occurs and there
15 a great loss of pulp (Fig 60) 1t 15 necessary to replace sln
and subcutaneous tissue on the defect by a skin flap One method
18 the raising of a flap from the thenar emmence suturing 1t to
the defect, and repairing the defect on the thenar eminence with
a split thickness graft (Fig 61)

Figure 62. (Top) End result of thenar flap graft.

Figure 63 (Bottom) Cross finger flap covering amputated fingertip
(Courtesy Dr Anthony Zovickian)



Skin 133

The wdex finger opposed to the thumb 1s essential for the
pincer movement If the mdex finger 15 amputated at any poimnt
proximal to the proximal mterphalangeal jont  this function 1s
wnterfered with and 1t will be necessary to amputate the index
ray In cases where the finger length may be sufficient—but the
finger 15 so damaged that 1ts up cannot be opposed to the thumb—
it may rob the adjacent fingers of their combined function and
ablation of the index ray agan will be necessary ' The base of
the metacarpal 1s not included when removing the index ray so
as not to mterfere with the insertzon of the extensor carp: radialis
longus If possible the tendon of the first dorsal interosscous 15
1solated and 1nserted onto the tendon of the sccond dorsal nter
osseous The digital nenves are carefully isolated ligated and
buned to prevent amputation neuroma difficulties

Rarely the cosmeuc appearance of the hand may be more
mnportant than the two previously mentioned factors If there are
index or fifth finger stumps 1t may be necessary to resect the ray
and cut the metacarpal bone obliquely to give a smooth contour
to the hand. With amputation of the third and fourth fingers 1t
sometimes will be necessary to remove the metacarpal and restore
the conunuity of the transverse intermetacarpal higament. Thus
this will prevent a rotation deformuty of adjacent fingers and such
hands are cosmetically more acceptable

The immediate grafung of an amputated finger 15 suggested
by Gillies and Rerd * who report several cases The principle
15 to discard the shin envelope and utilize the bones and tendons of
the scvered digit, maintaining wiability by providing them
with an entirely new blood supply The skin of the severed diget
18 dissected off and the nail avulsed The raw area of the stump
1s enlarged by tnmming back the skin and suturing the tendons
of the severed portion to the corresponding tendons of the stump
The attached denuded finger now 1s mserted nto a subdermal
pocket beneath the clavicle 1n the male or m the abdominal wall
mn the female The skin edges of this pocket are sutured to the
skin of the stump 1n a arcumferential manner The flap can
be divided after a switable period and the grafted finger now
covered with new skin 13 freed from 1ts pocket.
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Approximately fourteen days later the pedicle 1s cut and
sutured 1n place and 1f necessary at another stage the flap 1s re
shaped on the finger This 1s a very sausfactory method of
re pulping a fingertip (Fig 62) The only disadvantages are a
scar on the tactile area of the palm and an occastonal contrac
tion of the finger which has been held 1n a flexed position for
many weeks

Another modification much 1 vogue 1s the use of cross-finger
flaps A flap may be raised from the dorso-lateral surface of an
adjacent finger to cover a fingerup defect (Fig 63) The donor
site can be closed with a split thichness graft. The flap 15 made
one-quarter larger than the defect and can be based proximally
dustally and longitudmally ** When more than one fingertip has
to be re pulped abdominal flaps are necessary

When deading upon the type of fingertsp repair the age of
the patient must be considered Grafung of fingerups prolongs
healing time and the elderly pauent may be better off if the
phalanx 1s tnmmed back and a long volar flap sutured to the
dorsum The panent will return to work sooner get his finger
moving quicker and may in the long run have a better hand

A peremal question 1s—what to do with the fingerup that
1s brought 10 with the patient Often 1t 1s felt that 1s 15 useles
to re apply these but occasionally there are brilhant results ob-
tained so that one 15 tempted to restore the phalanx.™

Useless fingers are amputated conserving as much length as
possible The overall picture in the hand should always be
constdered smince often the skin can be removed from the finger
and used as a filet to cover a defect 1n the palm or other surface
of the hand.

The decision as to what level the finger should be amputated
will depend upon the three mamn functions of the hand grasp
puncer and cosmetic. To obtain a good grasp all four knuckles
should remain intact with a strong opposable thumb Therefore,
stumnps of the proximal phalanges should be left 1in order to give
a working man a good grasp Also the heads of the third and
fourth metacarpals are essential o maintaining the breath of the
palm and therefore should be left ntact !



CHAPTER §
TENDONS
HEALING

A[ter cut tendon ends are approximated  there 1s an outpouring
ot fibnn durning the first two days By the fifth day fibroblasts
grow from the connective tissue elements of the tendon nto this
mass of fibrin They produce primary fibnils which have their
ongin mside the fibroblast cytoplasm The fibrils mature and fuse
forming longer threads and eventually well recognized fibers
The pnmary fibrils are of the order of about 100-200A units 1n
width They have been idenufied by the electron microscope
not only at the bundles at the surface of the fibroblasts but also
within the cytoplasm 1n the marginal regton of the cell ! Dunng
the third week the formation of collagen fibers bridges the gap
between the tendon ends The edema and vascularity at the tendon
junction gradually dimimish so that by the end of the fourth
week there 1s good strength at the junction site

Nichols et al* made a study of the alteration of the blood
supply of flexor tendons following mnjury and recogmized that
the blood supply of the tendon comes from five sources (1) the
musculotendinous junction of the forearm (2) the mesotendons 1n
the carpal canal (3) the lumbrical muscle (4) the proxamal ends
of the digital sheath (5) the vessels contamned within the vincula
longus and brevis of the tendons These authors emphasize that
tendon 1njunes which occur 1n sheaths appear to show an 1n
crease n vascularity with degeneratton of the normal histologic
pattern more sesere than n tendon injuries outside the sheath
and behieve this may be due to an wnterference with the venous
recurn The poor blood supply of tendons in the digital sheath

(no man 5 Jand) 1s an added factor responsible for poor healing of
tendons 1n this area

1831
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METIIODS OF REPAIR

Once the decision 13 teached to do a primary tendon suture
the tendons must be adequatcly exposed Occasionally the tendon
repatr may be posible through the mial wound but m most
cases the exisung wound wili have to be enlarged A comon mis
take of the beginner n thus ficld 15 to waste time trying to operatc
through an madequate mncision As soon as the damage 15 assessed
the ongmal ncision should always be enlarged Frustless tme
must not be lost attempting to find structures by insertung hemo-
states along tissue planes m the attempt to find the tendon ends
If the tendons cannot be found after extension of the wound an
accessory nasion 1s made proximal to the original wncision the
proper structures solated and found and rerouted along their
normal channel for final repair The tnasion 1s planned so that
the tendon 18 overlain by a flap of subcutaneous tissue and shin ¥
Longttudinal incisions on the finger should not be placed volar
to the lateral limuts of the flexion creases Lateral inasions along
the index finger and thumb and medial incsions along the Iittle
finger may be extended along the lateral and medial borders of
the hand respecuvely Incisions in the palm should be transverse
Enlargement of transverse mcisions should be made by means of
longitudinal inmsions proximally and distally from either end of
the onginal wound

There are numerous methods of tendon repair but those used
most frequently are the zigrag sk and stanless steel wire pull
through sutures of Bunnell The Bunnell zigzag suture 1s inserted
by threading a 000 silk suture on a short small needle transversely
through the tendon one centimeter from the end which has been
grasped with a straight hemostat Threading this suture with two
needles 1t 13 crisscrossed twice across the tendon coming out
adjacent to the hemostat (Fig 64A) These sutures are passed
through the tendon n different planes so that each one ncorpor
ates various fiber bundles (Fig 64B) In this way the longitudmal
pull of the suture 15 partially converted to a transverse one thus
allowing greater tracion The end crushed by the hemostat 15
carefully removed with a sharp knife and the suture pulled taut
(Fig G4C) The distal tendon 1s held similarly with a hemostat
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One serious problem in tendon repair 1s adhesion formation
around the tendon which prevents 1ts movement. Wrapping the
tendon with various substances has been attempted to prevent
this Nichols ? reports no special advantage to the use of a gelatin
sponge As a matter of fact 1t produces excess fibrosis at tendon
junctures and apparently autolyzes tendon grafts Weckess ¢f al?
experimented with various substances such as human fibnn film
bovine fibrin film cellophane and autogenous fascta and found
that human fibrin film was most effecuve in prevenung adhesions.
However he noted that these substances may interfere seriously
with the nounshment of tendons around which they are wrapped.
Farmer® used cellophane 1n several chimical cases but found no
particular advantage Gonzalez,® found that the use of polyethylene
tubes could prevent adhesions around a tendon anastomosis how
cver the tendon required approximately forty days for sound
healing since the film wrapped around the tendon interfered with
the blood supply at the tendon junction This would hmut the
procedure 1n humans as forty days of rmmobilization would
stiffen the finger joints so that function would be greatly hmited.

The action of cortisone mn preventing adhesions around tendon
reparrs has been studied with no evidence that 1t decreased ad
hesion formation &7 Parenteral cortisone was tried 1n tendon sutur
ing 1n dogs with the result that end to-end healing was not
prevented but the tendon was 40 per cent weaker than the
controls *

Another approach to the repair of the gliding tendon has been
the attempt to produce an artificial tendon sheath by mtroducang
vartous tubular structures along the course of the subsequent
reconstruction which would stimulate the development of a
smooth well lubricated synovial sheath lined channel This was
accomplished by inscrting a polyvinyl chlonde resin flexible tube
with the result that a tendon sheath was created which seemed
to have a good gliding surface ® The hining of these canals were
shiny smooth and well lubnicated Microscoprcally the sheaths
were lined on their mner surfaces by fattened mesothehal ike
cells Palazn ° had an unsausfactory experience with the use of
stainless steel tubes which were removed 1n three weeks
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don 1s remorved and the tendon shd Along the suture so that there
18 a close approsimation with the opposite tendon end (Fig 61E)
A stitch transversely pliced across the tendon 1s made and the
two ends sutured At the conclusion of this procedure the tendon
edge should be well approximited nd the tendon shghtly
wnnkled (Fig 64F) smce there 15 a tendeney for the tendon to
shide along the suture for a few nullimeters when muscle contrac
tron takes place

Bunnell s steel wire pull through suture 1s performed using
#32 stanless steel wire suture which has a needle on cach end
(Fig 65) Each s cnisscrossed through the pronimal tendon twice

Figure 63  Bunnells pull-through suture (\) Wire suture crm-crossed
through proximal tendon and passed through distal tendon (B) Pullthrough
suture brought out through skin and after tendon ends approximated it is
tied over a button. Pullout wire placed through proximal loop of tendon and
brought proximally through skin and tied over a button

and comes out adjacent to the hemostat which controls this end
of the tendon At the conclusion the crushed end of the tendon 15
removed by sharp dissection and the wire suture pulled mto
place The two needles are passed through the cut end of the
dustal tendon and brought out about a centimeter distally The
two ends of the tendon are pushed together and two ends of the
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and the two needles of the suture inserted extremely close to the
hemostat 1nto the tendon and crisscrossed twice across the tendon
(Fig 64D) With sharp dissection the crushed end of this ten-

Figure 64 Bunnells zigzag suture (A) Suture cnm-crossed twice across
proumal tendon and coming out through cut tendon end, (B) Sutures paned
through different planes to incorporate vanous fiber bundles (C) Suture
pulled taut (D) Suture cnm-cromed through distal tendon In smmilar man-
ner (E) Suture pulled taut, (F) Suture ted.
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tendons to the tunnel with marked hmititatnon of motion of the
finger When the flexor digitorum sublimis 1s divided its excrsed
distally to a few muilimeters from 1ts attachment to the middle
phalanx and proximally so that 1t will retract to the palm Fhe
suture of onc ship of the sublinus tendon should not be attempted
1f both tendons arc involied the sublimis 1s cut away s pre
viously described and the profundus sutured The digital sheath
in the region of the tendon junction 13 completely exeised as
suggested by Mason ! Primary repair of the profundus tendon
1 this area should be done only 1n clean incised wounds relatvely
soon after mjury In all other cases there should be simple sk
closure with subsequent tendon grafting Some surgeons are
atternpting a pnmary tendon graft as an 1nitial treatment.’®

Duncan '* made an interesting observatuon concerning these
mjunies If they were lacerated wlule the interphalangeal joints
were flexed and then repaired the suture hne can be moved
dustal to the oniginal shin and tendon sheath laceration by extend
g the interphalangeal joints and flexing the metacarpophalan
geal jont and wnist. In this manner the tendon suture 15 moved
away from the scar ussue which will unite the onginal wound
and primary repair 1s apt to be more successful On the other hand
if the laceration occurred while the interphalangeal joints were
extended 1t 1s impossible by joint postuoning to move the tendon
suture away from the onginal scar In such cases failure 1s so cer
tain that Duncan uses a tendon graft.

Injunes to the flexor profundus tendon over the middle phalanx
gne better resulty than over the proximal phalanx. Even if the
reparr fails there should be sufficient movement of the meta
carpophalangeal and proximal interphalangeal jomnts to msure
2 useful finger It may be advantageous 1n some cases to excise the
distal portion of profundus tendon and advance the proximal
end 1nto the distal phalanx of the finger In thus way there will
be no suture line 1n the digital tunnel

Injuries of flexor tendons of the distal phalanx usually heal
sausfactonily after reparr with no other difficulty than hmitation
of mouion of the distal mterphalangeal joint

The flexor pollteis tendon 15 a somewhat different enuity than
the tlexors of the hingers  Suture at the wnterphalangeal joint
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wire suture are threaded on the same needle and brought out
through the shin They are ued over a button with sufficent
tension to hold the tendon ends together Before this suture 1s
completed a loop of wire 13 placed around the proximal loop of
the tendon suture threaded on a single needle and brought out
proumal to the masion 1n a position where the pull on the
tendon will be at an obtuse angle It 1s held in place with a small
button or split BB shot. When the wound has healed the suture
on the distal button 1s cut and removed by pulling on the proxz
mal wire loop

Other types of tendon suture are those utilizing a stay-suture
princple a modified mattress suture and a barbed braided tan
talum pull-out suture !> I routinely use the Bunnell ngrag
silk suture techmque 1n all tendon anastomoses and reserve the
pull-out techmque for msertion of tendon 1nto bone 1 believe that
failures followmng tendon repair are not the fault of the type of
suture but are due to infection poor approximation of tissues,
adherence of tendon suture to dense unyielding fascia and shght
pulling apart of the suture line

Flexor Tendons

Flexor tendons cut at the wnst usually heal satsfactonly when
carefully sutured Ones anatomical knowledge should be expert
since occanionally the median nerve 1s sutured to a tendon An
other error 1s farlure to recognuze that the flexor profundus
tendons of the third fourth and fifth fingers are stull fused at this
level and much time 1s wasted looking for proximal profundus
tendons to match up with the distal profundus tendons.

Flexor tendons repaired 1n the palm proximal to the digital
tunnel usually yield sansfactory results There 13 plenty of ghding
tissue wmn this area and to further enhance this the lumbncal
muscle should be sutured around the anastomosis site

Flexor tendons lacerated along the proximal phalanx have a
unmversally poor prognosis This no mans land or danger
zone 1s the area from the palmar crease to the prowimal inter
phalangeal joint where the two closely adherent tendons ghde
beside each other through the narrow fibrous digital sheath
Attempts at reparnng these tendons result in adhesion of the
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phalamx 1t wall be necessary to use 1 pull through suture technique
To permut strong bony unton onc should tum up a bone chip
or dnll a small hole 1t the msertion brnging the tendon nto
tlus area of freshened bone One of the problems of repair in thas
tegion 1s that the tendon adheres to the underlying jomnt and
adequate {lexion 1s not passible To present this vanous methods
hate been devised such as rotating a soft ussue flap to cover the
raw surface of bone or applying a free paratenon graft under the
repaired tendon '

AFTERCARE

Repaired tendons are immobilized with a plaster-of Pans cast
n a position which permits a numimum of tension on the suture
line while avoiding manimum strain on the molved joints
Flexor tendons are immobilized for three weeks in a posttion of
shight wnist flexton with flexion of the mvohed fingers Extensor
tendons over the dorsum of the hand and phalanges usually are
mnmobilized for four to five wecks since they may be stretched
by the strong flexor pull if immobilized for less ume Extensor
tendons on the back of the hand and over the proximal phalanx
are immobilized with the wrist domiflexed about 15 degrees and
the metacarpophalangeal jounts fully extended with shght flexion
i the proximal interphalangeal joints Lacerations over the proxt
mal terphalangeal jonts are mmmobilized with the proximal
interphalangeal and metacarpophalangeal joints extended If the
lateral bands have been cut 1t will be necessary to put the distal
joint 1n extension also Lacerations of the extensor tendons over
the distal interphalangeal joint are immobilized with the proximal
wnterphalangeal joint flexed and the distal joint extended

As a general rule only mnjured digits are mmmobilized In
children and irresponsible patients the plaster cast 1s made suffi
ciently strong to prevent breakage

When the cast and sutures are removed physmthmpy 15 10
sututed  Although heat 1s of benefit the best phystotherapy 1s
active and passive motion of the mvolved joints until there 1s a
maximum return of function Other joints of the involved ex
tremuy are sumlarly treated Particular attention 1s directed to
the shoulder and motion 1s begun even while the plaster-of Pans
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or close to 1t gives a good result and lacerations over the proximal
phalanx can be advanced nto the distal phalanx to give good func
tion The problems with the digital sheath are the same as with
the fingers but there 1s one anatomical difference m that the
tendon ongin of the flexor polhics longus may be released and
the enure tendon shd along the muscle belly so that the distal
end of the tendon 1s advanced 1nto the distal phalanx !7** Blum *
applied this techmique to tendon repair n the fingers

Extensor Tendons

Eatensor tendons of the dorsum of the u rest are reparred by the
method described for flexor tendons While 1t 1s true that the
vincula often may sphint adjacent tendons, 1t 1s best not to rely on
them particularly if more than one tendon 1s insolved If the
tendons are cut as they pass under the dorsal rettnaculum a por
uon of this 1s removed to allow free movement of the repatred
tendon If possible some of the retimaculum 1s left to present sub-
sequent prolapsing of the tendon on dorsiflexion

The extensor tendon over the metacarpophalangeal joint has
a close relationship with the underlying joint capsule and often
a simple mattress suture with sphinung 1n extension 1s sufficient
for repair

When the extensor tendon 1s cut over the proximal phalanx
1t can be sutured with mattress sutures and posinoning of the
tendon will be passible with the aid of sphinung If the lateral
bands are cut they should be similarly sutured

The extensor tendon at the proximal interphalangeal joint,
when severed gives nse to the typical buttonhole deformuty with
flexion of the proxumal mnterphalangeal joint and extension of
the distal interphalangeal joint Repair of this Jaceration 1s not
easy sunce 1t often 1s difficult to suture the central slip to the
proximal phalanx If the lateral bands have retracted laterally
they will have to be resutured in a proper posiion but they
should not be brought domally over the jomnt or else there will
be an extenston contracture of the finger

Extensor tendons cut over the distal interphalangeal jotnt pro-
duce the typical mallet finger and the tendons should be
resutured. When the tendon 1s cut flush with the base of the
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interosseous muscles be completely put to rest by immolnlizing
the hand with the metacarpophalangeal and proximal nterphal
angeal joints flexed and the distal interphalangeal joint extended

The standard method of treatment 15 to tmmobilize the finger
with plaster-of Pans keepmg the dustal terphalangeal joint m
hyperextention and the proximal mterphalangeal jont 1n flexion
Pratt 71 states that this position can be mamntained by threading
a hirschner wire through the distal middle and proximal
phalanges

Various authors keep the proximal interphalangeal joint mobile
by applying a sphint over the distal interphalangeal joint Leder
gerber = uses a small wooden splint in which two holes are bored
through the end of the sphint and fingernail Through thesc are
placed a suture which 15 tred This sphint extends from the finger
tp to the proximal interphalangeal joint and 1s held n place
with adhesive tape for six weeks This provides a useful sphint
since the patient can use his finger while the splint 1s 1n place
A modification 1s presented by Mason = who uses the Emid
splint which consists of a wooden tongue depressor cut from the
proximal nterphalangeal joint to the distal phalanx Between the
splint and the end of the finger 15 1nserted a wedge shaped piece
of cork, with 1ts thick end distally which 1s fixed to the rounded
end of the tongue depressor with glue The splint 1s applied so
as to hyperextend the terminal interphalangeal joint and 13 bound
in place with stnps of adhesive tape after the dorsum of the
finger has been protected with a strp of felt Thus the proximal
interphalangeal joint 1s left free The sphinted finger can be pro-
tected with a rubber finger-cot. Fifty two patients were followed
tnentysix treated by the usual technique and twenty six with the

Enid splint, and he found that after six weeks of immobilization
half of each group obtained full extension of the terminal joint
The value of this was that although the end results were the
same the patient could worl while weanng the Emd splnt
Mommsen * utlizes a2 method of relaxing the lumbnecal and
interosseous muscles He places a domsal plaster slab on the hand
from the knuckle up toward the elbow which 1s Lept in place
with a arcular plaster around the wrnist and forearm The finger
1s held with the metacarpophalangeal and proximal nterphal
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cast 13 on the hand Too often the hand injury recovers but the
Limitation of motion of the shoulder joint 1s severely incapacitating

RUPTURED TENDONS

Rupture may occur from sudden strong stretching of a normal
tendon from a less severe stretch of a tendon weakened by dis-
ease or constant mouon over an irregular rough bone surface

Baseball Finger

A sudden forced flexion of the distal interphalangeal joint will
produce an avulsion of the extensor tendon from the distal phalanx
mamnufested by a marked flexion deformity of the distal phalanx
(Fig 66) This1s known as baseball or mallet finger

Figure 66 Bascball or mallet finger (a) chamactemsuc deformity due to
(b) rupture of extensar apparatus over distal interphajangeal jolot.

The essenual therapeutic principle 1s 1mmobihization with the
distal interphalangeal joint hyperextended for approximately five
to s1x weeks In addition the proxamal interphalangeal jomnt must
be hept cther flexed or mobilized to prevent suffening of this
mmportant jomnt. Mommsen ® suggests that the lumbrical and
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to shde laterally over the mterphalangeal jomnt This produces 1
characteristic deformity with flexton of the proximal interphal
angeal jomt and cxtention of the distal 1nterphalangeal joint
(Fig 67) Conservatine therapy consisting of immobilization N

Figure 67 Buttonhole rupture of extensor tendon (3) characteristic
deformuty due to (b) tear of central tendon permitung lateral bands to slide
over proximal interphalangeal jomne.

a plaster cast with the metacarpophalangeal and proximal inter
phalangeal joints extended may be successful but usually such
a finger will require operation for rensertion of the commumns
tendon 1nto the middle phalanx It may be impossible to brnng the
extensor ends together n which case a graft 1s indicated Dorsal

dusplacement of the lateral tendons must be avoided to prevent
extention contracture

Rupture of the Extensor Pollias Longuns Tendon

The extensor pollicis longus tendon 1s long and thun and
shides through a groove 1n the distal end of the radius beside
Listers tubercle Since first reported by Duplay *® there have
been numerous reports of tlus rupture In the early German
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angeal joints flexed and the distal joint extended by a band of
adhesive tape spread around the hand A piece of felt prevents the
finger from producing a pressure necrosis 1n the palm.

It 18 recognized that no method of treatment 1s completely
successful Kirkham 24 instructs the patient to hyperextend the
distal joint by pressure of the affected finger aganst the thumb
This can be carried out on muluple occasions throughout the
day giving an end loss of not more than a few degrees at the
terminal jomnt During this tume the patient continues to work

When there 1s a chip fracture of the distal interphalangeal
joint one should not immobilize 1n extension since I have seen
several fingers become fixed 1n this posinon and become more
useless than with the ongmal deformity When there 1s a chip
fracture, the finger 1s maintained 1n a shght position of flexion

When such injunes are seen late 1t usually 18 necessary to
operate and suture the extensor tendon into the distal phalanx
using a wire pull-out technique Sometimes the only procedure
that will be necessary 15 a reefing of attenuated extensor tendons
At other umes there may be such extensive loss of the extensor
tendon that 1t wall be necessary to put 1n a tendon graft. Nichols
suggests a repair for such 1njuries mn which he uses as his tendon
graft a split portion of the palmans longus approxumately three
to four inches long about the thickness of No 1 catgut The
tendon graft 1s first anchored 1n the distal phalanx in the stump
of the old tendon or through a side to-side dnll hole 1 the bone.
It 15 passed back across the jomnt threaded through the sound
tendon proximal to the tear and woven back to the distal phalanx.
This 1s sutured m place with mattress sutures of fine silk. In
cases where mjury to bone has caused adhesions to tendons some
shiding matenal 13 interposed between the tendon and bone He
wisely cautions thatif the onginal injury was wnfected a long
waiting peniod should be enforced before the secondary operation
13 performed In ordinary circumstances the repair is done one
month after injury

Buttonhole Rupture of the Extensor Tendons

The extensor communis mnscrtion nto the middle phalanx may
be torn permitting the lateral bands of the extensor mechanism
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fracture deformuties #** Treatment conststs of repair of the ten
don or suture of the distal tendon to an adjacent functioning
extensor tendon

A recurrent dislocation of the extensor tendons may anse from
trauma which produces a tear on one side of the extensor aponeur
osis and permuts the extensor mechanism to disloate to the
oppostte side of the finger Wheeldon * uses the ingentous method
of repaining this defect by swinging a junctura tendinum attached
to one finger down to the line of the torn aponcurosts The hand
1s immobulized 1n a plaster splint for three weeks 1n a position just
short of full extension There was no sign of recurrence Bunnell 4!
threaded a length of palmans longus tendon across the extensor
tendons and sutured the graft midway between each tendon
Figgerald ¥ and Cutler ** used 1 strip of fascia for a similar
purpose

Flexor Tendons

Flexor tendons similarly may rupture due to fracture disunion
or arthritis James + reports pathologic ruptures of the tendons
of the flexor polliais longus and flexor profundus to the index
finger due to fraymg from continued motion across the semilunar
bone affected with kienbock s Disease The tendon had to be
repaired with a tendon graft Broder ** reports the case of a
seventy-one year old man who had a spontaneous rupture of
numerous of the flexor tendons i the hand due to fraying by
moving over a volar bony projectuon of the distal end of the
radws The profundus tendons were sutured and the patient
recovered. Drew * reports an unusual case of a thirty-one year
old woman who suffered spontaneous rupture of the profundus
tendon of the ring finger At operauon 1t appeared to be an
ischemic necrosis probably due to singular or tepeated blows
to the palm

I have recently seen a spontaneous rupture of both flexor
tendons of the nght index finger 1n a thirty-eight year old woman
At operation there was found a mucinous degeneration of the
tendons No obvious cause could be found She 1s now develop-
ng a suular condition 1o the left ning finger
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Iiterature the spontaneous rupture of tlus tendon occurred fre
quently in drummer boys and was known as drummer s palsy
It remained for Dums *" to show that 1t was not a palsy but a
spontaneous rupture of the tendon due to chronic tenosynovits.
Recent reterences to this condition associate 1t with a roughening
of the groove m the radius due to Colles fracture.®*3* Levine and
Schneider # report a rupture following a fracture of the carpal
navicular bone However a fractured bone 1s not necessary and
arthritis may predispose to such conditions Smuth® believes
that some ruptures may be due to an aseptic necrosis due to
mterference with the blood supply of the tendon at the distal
end of the groove 1n the radius
There 15 a sudden sensation of something grving way or a

snapping on the back of the wrist followed by wnability to
straighten or Iift the thumb actively as compared with the normal
thumb In Smuth s * series 1t occurred 1n one out of every 268
Colles Fractures Reparr 1s done by direct suture whenever feasible
but, 1f not, there are alternative methods Smith emphasizes the
important oblique adducting pull of this tendon as well as 1ts
extension of the distal phalanx Fle believes the best reparr to
be suture of the distal portion of the extensor pollicis longus to
the extensor carpt radialis by an end toend suture The hand
15 placed with the thumb mn full extension and elevated dorsally
The cast can be removed at the end of two to three weeks and
active motion begun Trevor ® states that the tenden can almost
always be sutured even with an interval of five months between
rupture and suture He uses a strong nylon thread which 13 criss-
crossed through the tendon and brought through the tendon ends
He has had success even though the tendon ends have not been
united by the suture An alternative method 1s suture of the ex
tensor longus pollicis tendon to that of the extensor indicis pro-
prius In cases in which none of these methods are possible

Furlong * suggests that a tenodesis between the distal ruptured
tendon and the radtus gives a good functional result.

Extensor Communis Digitorum

Various tendons of the extensor commums digitorum rmay
rupture as they mose across an 1rregulanity m the radius due to
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fracture deformities # Treatment consists of repair of the ten
don or suture of the distal tendon to an adjacent functioning
extensor tendon

A recurrent dislocation of the extensor tendons may arise from
trauma which produces a tear on one side of the extensor aponcur
osis and permits the extensor mechamism to dislocate to the
opposite side of the finger Wheeldon *° uses the mgenious method
of repainng thus defect by swinging a junctura tendinum attached
to one finger down to the lie of the tom aponeurosis The hand
1s immobilized 1n a plaster splint for three weeks m a position just
short of full extension There was no sign of recurrence Bunnell 4!
threaded a length of palmars longus tendon across the extensor
tendons and sutured the graft midway between each tendon
Fitzgerald #? and Cutler *? used a stnip of fasca for a similar
purpose

Flexor Tendons

Flexor tendons similarly may rupture due to fracture disunion
or arthntis James,** reports pathologic ruptures of the tendons
of the flexor pollicis longus and flexor profundus to the index
finger due to fraying from conunued motion across the semilunar
bone affected with Kienbock s Disease The tendon had to be
repared with a tendon graft. Broder * reports the case of a
seventy-one year old man who had a spontaneous rupture of
numerous of the flexor tendons in the hand due to fraying by
moving over a volar bony projection of the distal end of the
radws The profundus tendons were sutured and the patient
recovered. Drew *¢ reports an unusual case of a thirty-one year
old woman who suffered spontaneous rupture of the profundus
tendon of the nng finger At operation 1t appeared to be an
schemic necrosis probably due to singular or rtepeated blows
to the palm

[ have recently seen a spontaneous rupture of both flexor
tendons of the right index finger in a thirty-eight year old woman
At operation there was found a mucinous degeneration of the
tendons No obvious cause could be found She 15 now develop-
ng a simular condition 1n the left ring finger
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Iiterature the spontaneous rupture of this tendon occurred fre
quently mn drummer boys and was known as drummers palsy”
It remained for Dums ¥ to show that 1t was not a palsy but a
spontaneous rupture of the tendon due to chronic tenosynovitis
Recent references to this condition associate 1t with a roughening
of the groove m the radius due to Colles fracture 33 Levine and
Schneider ¥ report a rupture following a fracture of the carpal
navicular bone. However a fractured bone 1s not necessary and
arthntis may predispose to such condiions. Smith® believes
that some ruptures may be due to an aseptic necrosis due 1o
mterference with the blood supply of the tendon at the distal
end of the groove 1n the radius

There 11 a sudden sensation of something giving way or a
snapping on the back of the wrist followed by inability to
straighten or lift the thumb actriely as compared with the normal
thumb In Smith 3 senes 1t occurred 1 one out ot every 268
Colles fractures Repair 1s done by direct suture whenever feasible
but, 1f not, there are alternative methods Smith emphasizes the
mmportant oblique adducting pull of this tendon as well as 1ts
extension of the distal phalanx. He believes the best repair to
be suture of the distal portion of the extensor polhas longus to
the extensor carpi radialis by an end-toend suture The hand
15 placed with the thumb 1n full extension and elevated dorsally
The cast can be removed at the end of two to three wecks and
active motion begun Trevor ® states that the tendon can almost
always be sutured even with an interval of five months between
rupture and suture He uses a strong nylon thread which 15 criss-
crossed through the tendon and brought through the tendon ends.
He has had success even though the tendon ends have not been
umted by the suture An alternative method 1s suture of the ex
tensor longus polhicis tendon to that of the extensor indicis pro-
prius In cases 10 which none of these methods are possible
Furlong % suggests that a tenodesis between the distal ruptured
tendon and the radius gives a good functional result.

Extensor Communis Digitorum

Various tendons of the extensor commums digitorum may
rupture as they move across an irregulanity 1n the radius duoe to
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CHAPTER 9

NERVES

HEALING

Follo\\mg nenve njury the distal portion of nene undergoes
Wallenan degeneration in which the axis cylinder medullary
sheath and the sheath of Schwann cells degenerate  Simular
changes occur m the proximal nerve up to the first node of
Ranvier together with changes mn the cell nucleus n the spmal
cord

Shortly thereafter the axus cylinders begin to prohferate and
emerge from the proximal nene end and become emeshed with
an overgrowth of connective tissue from the perineurium endo-
neurium cpineurium and the sheath of Schwann producing a
nodule called an amputation neuroma At the distal end of
the nerve there 15 some tendency for the connective tissue to grow
and form a distal ghoma If the freshly incised nerve 1s sutured
or 1f 1n an old injury the scarred portions are cut away and the
ends approximated normal nerve healing will occur The neuro-
fibroblasts prohferate and bridge the gap between the nerve ends
and accompany and ensheath the regeneranng nerve fibers down
the distal nenve ! The Schwann cells play only a small part in the
regeneration of nerve The nene fibnls continue to grow down
the distal nerve 1n the meshes between the cells of the degenerating
distal nerve. These neurofibnls grow at the rate of approximately
one inch per month

The first clinical manifestation of regenerating nerve 1s the
occurrence of paresthenias on percussing the nerve As thus 15 done
beginning distally and proceeding proximally a pomnt will be
reached at which the pauent feels a  tingling or buzzing sensa
tion with radiation of sensation down to the involved hand area
The advancing edge of this sensitive area 1n the nerve 13 meas-
ured at monthly intervals using some bony prominence as a

[153]
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they may st ¢ many months of futle wating for climical mantlestt
uons to return m cues where reoperation on a nene or tendon
transfer 1s contemplated Rarely a herpes-like lesion 1s scen as the
nenve regenerates (Fig G8)

Soft tissue changes may tike place 1n a hand following nenve
injury such as atrophy of the soft tissuc and retardatton of natl and
hair growth Sunderland and Ray? studied uncomplicated nerve
mjunies and found the nail growth to be retarded mn some cascs
but not 1n others. When artenal hgation was supenimposed on
the nerve mjury nail growth was consistently and markedly re
tarded These experimental studies corroborate clinical findings

that trophic changes are more proment in combined nerve and
vascular mjunes

NERVE INJURY PATTERNS
Ulnar Nene

The area of sensory loss consists of the volar and dorsal aspects
of the palm and fingers medial to a Iine bisecting the ning finger
There are vanations i which the ine of innervation bisects the
fifth second or index finger Injunes of the dorsal and volar
digntal branches produce localized sensory losses

The motor losses depend upon the level of nerve injury The
tlexor carpt ulnans and flexor digitorum profundus to the fourth
and fifth fingers are paralyzed 1f the injury 1s above or around
the elbow Below tlus remon there 1s loss of the intrinsic muscles
supphied by the nene Interosscous palsy will prevent abduction
and adduction of the fingers. Since both the lumbricals and nter
osser will be Jost to the fourth and fifth fingers these will be

claned with the mterphalangeal jomnts flexed and the meta
carpophalangeal joint extended (Fig 69) The clawing of the
fourth and fifth fingers 13 more severe 1f the flexor digitorum
profundus to these fingers 15 funcuoning Valone * suggests that
m Jow ulnar nerve lesions the innervation of the flexor digitorum
profundus should be dissected free from the main nerve trunk
and crushed to produce a temporary paralysis of thus muscle He
feels that 1€ this 13 done the affect of this muscle on the metacarpo-
phalangeal joint would prevent some of the flexion deformity
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guide Its steady progress down the nerve 1s a rough test of re
covery and 1s known as Tinel s sign However one can never be
sure that the nenve fibrils producing the paresthesia will function
Other signs of nerve recovery are return of sympathetic tone
sensation and motor function Various electrical techmques have
been used for tesung nerve recovery such as electrodiagnosis and
electromyography 2 These are of great prognostic value since

Fagure 68 (Top) Herpeslike levion anociated with median nerve recovery

Figure 69 (Bottom) Typical clawing of 4th and th fingers in ulpar nerve
palsy
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Thumb adduction will be gone and can be tested by requesting
the patient to grasp 1 paper between the thumb and second meta
carpal On attempting to hold thus firmly 1f the adductor pollicts
1s not functiomng the patient will flex hus thumb at the nter
phalangeal jomt in a vam substitute attempt for adduction (Fro-
ment s sign) (Fig 70) Pinching of the tp of the thumb aganst
the up of the ndex finger will be very weak since thus action
depends on the first dorsal nterosseous and adductor pollicis

Atrophy of the hypothenar eminence and hollows between the
metacarpal bones are characteristic The first dorsal interosscous
atrophy 1s very obvious (Fig 71I)

Sweating 15 absent over the area of sensory loss and there 15
atrophy of the soft tissues of the fifth finger associated with shiny
thin skin hair and nail growth changes

Median Nerve

The sensory loss 1n median nenve palsy consists of anesthesia
on the volar aspect of the palm and fingers lateral to a Line bisecting
the ring finger The domsum of the distal phalanx of the thumb
tndex middle and radial half of the distal phalanx of the fourth
tinger simularly are myolved The forearm muscles supplied by the
nerve will be paralyzed 1n lesions above and around the elbow
Flexuon of the third fourth and fifth fingers will be possible due
to the pull of ulnar controlled tendons of the flexor digitorum
profundus In addition there will be the loss of thumb abduction
and opposition Injuries below this will produce only a loss of
abduction and opposition of the thumb

The characteristic appearance 1s an atrophy of the thenar emmn
ence (Fig 72) Sweating 1s absent 1o the sensory loss area and
the denervated fingers will show atrophy of soft tissue associated
with thin skan hair and nail growth changcs

-

Figure 70 (Top) Froment s sign showing flexion of interphalan,
1 joints
as a substitute acuon for adduction of thumb P g

Figure 71 (Mbddle) Atrophy of Onst domal int
s erosscous muscle 1n ulnar

Figure 72 (Bottom) Atrophy of thenar eminence 1n median nerve palsy
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will be necessary In the case of the ulnar nerve 1t may be taken
from 1ts normal bed behimd the medinl epicondyle and trans-
planted antertorly with care taken to woid damage to the nene
hibers gomg to the flevor carpt ulnaris and flexor digitorum pro-
fundus An excellent account of tlus technque 13 presented by
Learmonth ¢ The radial nenve may be translocated anteror to the
humerus to achieve a ssmilar purpose n the upper arm In rare
instances with extensive loss of nerve tissue 1t may be necessary
1o shorten bone length to pernut anastomosis '

There 13 always the quesuon of how small a nene should be
sutured Digital nenves are sutured as far as the distal interphal
angeal joint The motor branches of the ulnar nerve can be sutured
10t the carpal tunnel The deep branch of the median nerve often 15
difficult to locate but an effort should be made to find the ends
since satisfactory repair is possible Suture of the deep branch
of the radial nenve also 1s attempted since expenence dunng
World War II indicates that this may be possible with considerable
success Mayer and Mayfield * studied fiftyeight cases 1 which
end to-end suture was possible mn tharty nine and 1n 84 per cent
of these cases there was parual or full recovery

Although tendon transfers for nenve palsies will be discussed
1n the chapters on reconstructive surgery 1t should be mentoned
that they may be done as a type of dynamic splinting in cases
where nene recovery may be a long term process

AFTERCARE

Following operation the mvolved extremity 13 immobilized
wn a plaster-of Panis splint for a pertod of three weeks 1n a position
wlhich gives minimum tension on the suture hine. After removal
of the cast and sutures physiotherapy 15 wnsntuted to mamtain
jont function of all the jomts i the mvolved extremity plus
adequate splinting to prevent ovemstretching of paralyzed nerves
Radial nerve njuries requure a dynamic cock up splint median
nenves a sphnt to restore opposition to the thumb and maintamn
the web space between the thumb and 1ndex finger ulnar nerves
2 Lnuckle bender splint to Leep the metacarpophalangeal joints

flexed about twenty degrees Muluple nerte injuries will need
combination sphints
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Causalgia which occurs 1n about 5 per cent of peripheral nerve
mjurtes 18 most commonly seen after median nerve injunes?®
One reason may be that the median nerve 13 supplied by the artery
of the median nerve which was one of the mamn blood vessels in
the embryologic development of the hand Thus this nerve may
be more nchly supplied with sympathetic fibers than the ulnar
or radial nerve

Combined Median and Ulnar Nerves

The characteristic deformuty 1s flexaon of the interphalangeal
jomnts of the fingers with extension or hyperextention of the meta
carpophalangeal jomnts in addition to the deformuty produced
by the atrophy of the interosseous muscles and loss of the thenar
and hypothenar emunences This 1s the typical clawhand.

Radial Nerve

The sensory loss 1n the radial nerve mjury 1s on the dorsolateral
surface of the hand 1n the areas not supplied by the median and
ulnar nerves Total anesthesia may consist of a small spot on the
dorsum of the web space between the thumb and index finger
With a complete radial nerve palsy the obvious deformity 1s the
wrnist, finger and thumb drop When the deep branch alone 15
severed there 1s a characteristic mabihity to extend the thumb
which often may be overlooked This should be watched for
particularly 1n fractures of the head of the radius

METHODS OF REPAIR

The nerve ends are approximated using No 00000 silk sutures
which pass through the epineurium of the nerve The suture must
not extend mto the nerve for fear of damage to nerve fibrils with
subsequent poor recovery In old injuries the amputation neuroma
13 exased back to normal nerve fibrils and the distal end freshened
to relauvely normal tissue

It 1s essential to suture the nerve without tension. A sumple
neurolysis of the involved nerve over a considerable portion of
1ts normal bed often will free sufficient nerve to accomphsh this
If not joints may be flexed on cither side of the nerve repair
1n order to gain distance If more 1s needed a nerve translocation
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The cause of this condition 1s varted  \ disturbance 1 the
carpal tunnel—such as a fracture dislocation  or rthritis—may
narrow the tunnel so as to produce the syndrome Rarely acute
compression by hemorrhige 1s a [actor In most cases there appears
to be some occupational stram It 1s well known that when the
wnst 15 extended the pressure m the carpal tunnel s three umes
greater than when the wrist 18 flexed 12 Also when the wrist 1s
tlexed, the edge of the transverse carpal hgament can pinch the
median nene Thus any action involving extension and flexion
of the wnst could concevably lead to this condition Increased
bulk 1n the contents of the carpal tunnel also may predispose
to the carpaltunnel syndrome The author recently had
a case where at the ume of operauon the flexor tendons were
hyperemic and thickened as if they were the site of a chronic
tendimus. Mchee ¥ similarly found cases where the flexor tendons
were enveloped 1n an edematous synovial membrane which he felt
contnbuted toward the syndrome Nissen 1* describes a massive
almost acellular hypertrophy of the synovial tendon sheaths that
may be found 1n some cases of otherwise unexplained carpal tunnel
compression  Grokoest and Demartimi ¢ saw two cases with
swelling 1n the flexor tendons due to amyloid disease Stewart 17
reports a case where there was pain 1n the wnist and hand due to
a bulging underneath the flexor reunaculum of the muscle belly
of the palmans longus which was cured by resecting the nvolved
muscle Brooks,’™ reports several compressions of the median
nene due to gangla at the level of the wnst joint.

Treatment 1s relatively simple and imvolves mcsion of the
transierse carpal ligament which 1s exposed through an Sshaped
mcsion across the wrist The ligament 15 sectioned along 1ts
medial border to mummuze the possibility of damage to the motor
branches of the median nerve The carpal ligament 1s ncised
throughout 1ts entire length since there have been several cases
where a secondary operation was necessary to completely mcise
the igament. It 15 essenual that this operation be performed
before opponens palsy develops which may be 1rres ersible

Reports of tardy ulnar palsy are increasing 1n the surgical litera
ture since 1t was first described by Panas in 1887 1931 J¢ 14 usually
due to trauma to the ulnar nerve as 1t passes behind the medial
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Generally sensauon returns adequately after a nerve injury
and the only problem involved 15 when the anastornosis line 1s
incorporated 1n the scar tissue of the wound If this occurs in
an area where there 13 much movement or which 1s liable to re-
peated trauma there will be pamful sensations produced which
may require correction by neurolysis {

The larger muscles bellies 1 the forearm usually return satis
factonly However the intrinsic muscles of the hand are so small
that they usually atrophy before they are innervated The best
chance for recovery 1s 1n a young person where the nemves are
cut near the wrist. Therefore the best results are obtamned with
the radial nerve next best with the median nerve and last with
the ulnar nerve since the latter nerve supplies the greater number
of intrinsic muscles

COMPRESSION PALSY

The median nerve may be compressed i the carpal tunnel
produang the carpal tunnel syndrome Usually there 15 pamn
over the median nerve distnibution and as the disease progresses
a definite pattern of hypesthesia or anesthesia will appear over
this area Opposttion of the thumb may disappear before there
are defimite sensory changes in the hand Zachary® believes that
the large fibers (motor) 1n the nerves are damaged more than
the smaller fibers (sensory) m such types of indirect trauma. Per
cussion of the median nerve at the flexion crease of the wrist may
produce paraesthesias along the median nerve I As the discase
progresses the pain may reach the forearm and even the shoulder
The symptoms may be more prominent at night.?

The symptoms may be aggravated by temporanly occluding
the airculation of the arm above the elbow 2 It appears that the
partially injured nerve 1s more susceptible to 1scherma than the
normal one therefore the paresthesias and numbness will appear
first m the medan nenve distnibution rataer than i the ulnar
nenne The author had a recent case where the symptoms were
re produced by occluding the subclavian artery 1n the neck and
agrees that temporary artenal occlusion is a valuable aid 1n
diagnasis
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humeral condyle. The most common causes are old fractures of
the elbow and arthnitis McGowan  studied a series of forty-six
cases and 1n addition to old fractures and ostecarthrius found
three cases caused by recurrent dislocation of the ulnar nerve,
tour presenting bony irregulariues i the ulnar groove and three
due to soft ussue mjury at the site of the ulnar nerve with sub-
sequent compression by scar tissue Three additional cases pre
sented no mechanical abnormality of the elbow jomnt. The occu
patton of two of these pauents required much hammering and
the other was a student who had the habit of sitting for many
hours with his elbow pressing against a table. Brooks!* reports
tardy ulnar palsies produced by gangha at the wrist

Paraesthesias or hypesthesias develop 1n the ulnar nenve dis-
mbution with 1increasing weakness of the intninsic muscles
Percussion of the nene 1n the epicondylar groove will produce
paresthesias along 1ts course

‘When 1t occurs near the elbow jomnt, treatment consists of trans-
location of the ulnar nen e anterior to the epicondyle It 1s essential
1o operate before there 1s defimite atrophy of the mtrinsic muscles.
The importance of this 1s demonstrated 1n a senies of cases 1n
which all improved as far as sensation was concerned but when
there was wasting of interosseous muscle with no voluntary power
there was little motor 1mproyement.®

It 15 of mterest that leprosy attacks the nerves of the upper
extremuty at the places where they are most apt to be compressed
(the ulnar nerve behind the elbow and the median nerve at the
wrist) Dwyer @ had an unusual case of leprosy of the ulnar nenve
at the elbow with relief of symptoms by transplantmg the nerve
anterior to the epicondyle

The radial nerve may be compressed 1n tne healing of a frac
tured humerus causing a late palsy which may require operauon
on the fracture site with neurolysis of the neme The same may
occur 1n fractures of the head of the radius when the deep branch
of the radial nerve becomes involved n the fracture site
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CHAPTER 10

BONLS AND JOINTS
DONES

A:» the Hand Surgeen views the vartous disalaluies resulting
from trauma he 1s appalled not so much by those resulting from
severe trauma but from the tnvial trauma winch hrs been mis-
managed by a physician oblivious to umnersally accepted princt
ples of treatment Probably nowhere 1s this more evident than n
the management of fractures of the fingers and thumb Too often
the attending doctor treats these as munor mjunes and conse
quently the fingers and hands become uscless tools Before dis
cussing the speafic fractures of the philanges and metacarpus a
few general principles will be emphasized

Finger fractures are immobilized 1n a position of 15 degrees
flexion at the metacarpophalangeal and distal interphalangeal
jownts and 60 degrees at the proximal interphalangeal joint Only
the 1njured finger 15 immobilized to prevent limitation of motion
m the other fingers Watson Jones ! suggests that even this 1s not
sufficient but that every effort should be made to exercise actively
the unmjured fingers through the complete range of motion A
finger 15 not 1mmobilized beyond three weeks 1f one wishes to
prevent himitation of motion of interphalangeal jomnts During
treatment of hand fractures the shoulders are put through a full

range of motion daily to prevent himitation of motion of thus
important joint.

Fractures of the Dustal Phalanx

These fractures often are associated with a subungual hematoma
which may have to be evacuated to prevent pain and possible
secondary nfection ‘This 1s done by turming up a flap of nail
using a scalpel Most terminal phalanx fractures heal without

[183]



164 The Hand Its 4natomy and Duseases

2l Gay J R,and Lonr, J G.. Diagnoals and ¢ of ardy panlysis of uloar
nenve  Bone & Joint Surg., 29 1087 1097 1947

2 Nicbowan A J- The results of tion of the ulnar penve for traumzdc
ulnar neuritls J Bome & Joint Surg 32B:293-301 1930

23 Dwits, F C. An unusmal lesion of the ulnar nerve. J Done & Joint Surg
338601603 1051




DPones and Jonls 167

mal portion of the middle philans m1y gue risc to a dorsal
angulation due to the pull of the extensor mechtmsim on the
proximal segments

Despte the vanous defornnties 11l these fractures can be treated
m flexton with the mvolied fingens pliced 1 the posttion of
function When the frictures are not displaced they can be
mamtamed m position by a plaster-of Pans trough If there 15
overnding and displacement of the fracture ends 1t will be neces-
sary to use triction to mamtun position Pulp traction through
the terminal phalany 15 adequate providing the traction wire 1s
placed through the penosteum of the distal phalanx (Fig 74)

-~ O iy
Figure 74  (2) Traction pin placed through penostcum of distal phalanx

(b) mmple traction apparatus made by incorporaung properly bent coat
hanger wire in a plaster cast.

Adliesne traction may be used but must be watched carefully
for fear of shipping or skin necrosis Quigley * uses a Kirshner wire
fashioned to form a fish hook which 1s inserted into the dorsal
aspect of the middle phalanx using a No 6 dental burr by means
of which a hole 15 drilled 1nto the marron cavity at an angle of
45 degrees dustally Active motion s msisted upon throughout
the immobilization

A traction apparatus can be made easily by mcorporating a wire
coat hanger 1n a plaster gauntlet Adhesive tape or plaster-of Paris
slabs are used to prevent the finger from slipping between the wire
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difficulty and as a rule can be treated as soft issue injunes If
there 1s an avulsion of the extensor tendon from the distal phalanx
with a resultant  baseball finger 1t 1s treated as discussed in the
tendon section The hyperextension required n treating these
injuries however should be modified in cases 1n which the distal
terphalangeal joint 1s involved either as a chip fracture or as
a dislocation  Since these usually result in a suff joint they are
immobilized with the distal interphalangeal joint 1n a shght
degree of flexion

Fractures of the Middle and Proxamal Phalanges

The insertions ot the vanous muscles and tendons mn the
fingers will give rise to charactenstic deformines when fracture
and displacement occurs For instance fractures of the provimal
phalanx will usually result m anterior bowing due to a pull of the
lumbrical and interosseous muscles flexing the proximal segment
and extending the distal joints (Fig 78) Fractures of the distal

Figure 78 Anterior angulation of proximal phalanx fracture site.

poruon of the middle phalanx similarly give nse to anterior
bowing due to a pull of the flexor digitorum sublimis on the
proxumal segment. Fractures of the distal phalanx and the proxt
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that 1t a tracture extends mto a jomt the prognosis 1s poor since
there will be hmutaton of motion  Lotal immobilization should
not last more than three weeks At the end of this period active
motion 13 mstituted

In certain phalangeal arcas healing 1s slower than this and 1t
15 well to provide some form of protective splint at night to prevent
displacement of the fracture site Moberg? pomts out that the
narrow portions of the phalanges have the densest bone with a
mummal vascular supply Healing time for the narrow portions
of the middle phalanx 15 ten to fourteen weeks for the narrow
portion of the proximal phalanx five to seven weeks and for the
remaintng parts of the phalanges approximately three to fue
weeks.

In compound fractures where a loss of a portion of the middle
or proximal phalanges occur an amputation 15 often performed.
Nemeth: " suggests that phalangeal recession may be indicated n
such areas and presents a sertes of cases where he established a
soft uissue bridge 1f the artery and nerve (or a reparable nerve)
supplying the tissue distal to the wound 15 present. The gap may be
closed by fixing the distal bone fragment to the proximal one with
a kurshner wire The resulung finger 1s shorter than normal but
usually has good motion sensation and cosmetic appearance He
marntains that the distal phalanx with 1ts highly specialized sensa

tion and stercognosis 1ts nail and general cosmetic appearance
should be salvaged.

Metacarpal Fractures

Fractures of the basc seldom present a problem and may be
immobilized for three to four weeks 1n a dorsal splint being sure
to keep the fingers and thumb moving

Most fractures of the shaft of the metacarpals are treated by
manpulation and immobilized 1 a plaster gauntlet keeping the
fingers and thumb free and moving If the same fragments can
not be hield without serrons bowing and overnding, open reduc
tion probably 1s indrcated although some can be maintained by
tractton simylar to that used 1n phalangeal fractures Intramedul

lary pinming with a kischner wire offers a satisfactory means of
immobilization ¢
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struts. When traction 1s applied 1t must be remembered that the
fingers n the flexed position do not lie parallel to each other but
mstead point approximately to the scaphoid tubercle (Fig 75)

Figure 75 Flexed fingers point to scaphoid.

Intermedullary wiring will produce a satisfactory immobihizz
tron allowing for mobility of adjacent joints The distal jont 15
flexed and a fine himshner wire 1s drmven into the bone with a
gentle motton using a Steinman hand chuck or some similar
dnving device After the wire threads the fracture site the excess
pmn 1s cut off leaving about one half centimeter projecting which
1s corered with a stenle cotton or gauze pledget 3 ©

Frequent x rays are taken of the fracture to be sure that anterior
bowng at the fracture site 1s not talung place since tlus wall inter
fere with function of the flesor tendons It 1s well to remember
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Bennett s fracture 15 e articular fracture dislocation of
the thumb 1t the carpometacarpal jomnt presenting 1 tringula
tragment on the mner side (Fig 77a) The metacarpal s displaced
and shides down along the saddle of the greater multangular This
fracture 1s reduced with traction along the axis of the metacarpal
and pressure over the base of the metacarpal (Fig 77b) A plaster
gauntlet 1s applied holding the metacarpal m extension and ab-
duction with traction on the termunal phalanx (Fig 77¢) Immo-
bilization and traction 1s maintained for approxtmately four weeks
followed by mmmobilizauon without traction for two or three
weeks unul union 1s firm

Figure 77 (2) Intraarticular fracture-dislocaton of
base of thumb-meta
@rpal (Bennetts Fracture) (1) reduction of Beonetrs

fracture-
bilimtion of this fracture 1n traction © rmmo-
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Fractures of the neck are the most common fractures found 1n
the metacarpal bones If there 1s only shight displacement of the
head the hand may be splinted in this posinon However any
sertous displacement of the head requires manipulation This 1
easily done by pressing the flexed metacarpophalangeal joint
backward n the long axis of the phalanx ® When the reducnion
1s accomplished the metacarpophalangeal joint may be immobil
1zed by a plaster-of Paris cast placing felt over the extensor surface
of the flexed finger and 1n the space betwen the finger and palm.
The fracture 13 immobihized for three weeks followed by gradual
actrve motion karschner wire fixation occasionally may be used
to 1mmobilize this fracture

Metacarpal Thumb Fractures

Fractures of the neck shaft and extra-articular base (Fig 76)
usually require reduction and immobihization 1n a plaster gauntlet
with the thumb extended and abducted If traction 1s necessary
1t may be maintained as previously discussed

——

Figure 76 Extraarucular fracture of base of thumb metacarpal (Not &
Bennett s Fracture)



Bones and Jomts 178




172 The Hand Its Anatomy and Diseases

Kirschner wires also may be of value in treating Bennetts
fracture Wagner 1° suggests that the Kirschner wire be driven
through the base of the metacarpal into the greater multangular
and maintained 1n this positton for four weeks with the thumb n
abduction and the wrist domiflexed Wiggens et al ' report an
excellent series of fourteen cases of Bennetts fracture Under
adequate anesthesia the metacarpophalangeal joint 1s flexed and
traction applied along the axis of the metacarpal Direct pressure
over the base of the first metacarpal may be necessary to reduce

Figure 78 Fractured scsamold bone

Figure 79 (Top) Donal displacement of Colles fracture.
Figure 80 (Middle) Radial duplacement of Colles fracture
Figure 81 (Bottom) Smuth s fracture
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four to five weeks In older patients 1t 13 wise to remove the cast
m tuelie to fourteen days and reapply a cast in a more neutral
position to avord jomt damage Finger clbow and shoulder exer
cises are msisted upon during the penod of immobilization

Unusual commmution of a Colles fracture will require fixation
with skeletal traction apphied with a harschner wire through the
second third fourth and fifth metacarpals after molding of the
fracture ®* Other authors advise traction applied through a wire
1n the base of the thumb with no mamipulaton of the fracture ¢

About 6 per cent of Colles fractures are associated with fractures
of the carpal bones—usually the scaphoid—but rarely the trique
trum lunate capitate and greater multangular Colles and
scaphoid tractures require opposite positions for reduction and
fixation and hence treatment presents a paradox. If the radius
fracture 1s not severe these injuries can be treated as uncomplicated
scaphord fractures. Othenwise they are treated for the Colles
tracture for four weeks taling care to ummobilize the thumb
After this they are immobilized for the scaphoid fracture 17

Fractures of the radial styloid process require immobilization
for three to four weeks If there 1s displacement or irregulanity of
the jomnt space they must be reduced before being immobilized

Fractures of the dorsal lip of the radius may be easily overlooked
and produce a rupture of the extensor pollicis longus tendon as
1t passes over the sharp irregularity Immobilization for several
weeks prevents this

The reversed Colles’ fracture or Smith s fracture (Fig 81) 1s
reduced by traction and domsiflexion and immobiluzed for five
weehs

In children falls on the wnist produce epiphyseal injuries When
the epiphysis 1s displaced backward from the metaphysis with
or without a metaphyseal fragment, no damage 1s done to the
plate and reduction and 1mmobilization such as used for a Colles
fracture gives a good result. A crushing mjury to the epiphyseal
plate will result 1n arrested growth of the radius The continued
growth of the ulna increases the resulung deformity These frac
tures mav not be seen on 1mmnal x ray but mn a few months signs
are more obvious Subsequent treatment Tequires resection of
the ulna just above the radio-ulnar Joint
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the fracture After the position 15 cheched with fluoroscopy a
medium size Kirschner wire 18 directed into the posterior aspect
of the center of the head and passed through the medullary canal
to enter the center of the greater multangular The wire s cut
off approximately one centimeter distal to the shin and a small
dressing applied with a glove type plaster-of Pans cast including
the entire thumb Immobihization 1s continued for four weeks
followed by removal of the wires with active use of the thumb msu
tuted In this series there were no cases of residual instability
subluxation non union or loss of joint function

Sesamoid Bone Fracture

A very rare fracture of the hand 1s that of the sesamoid bones
(Fig 78) Seiveral cases are reported wheremn a fracture of the
sesamotd bone following trauma gives rise to pamn and duisability
Jellinger *? reports a case following trauma where there was pamn
swelling and suffness of the thumb with tenderness over the
palmar aspect of the metacarpophalangeal joint. X ray resealed
a fracture of one of the sesamoids with a one centmeter distraction
between the fragments Reitz,! reports several cases where there
were injurnes to the sesamoid bones giving rise to pain and tender
ness which were cured by excision of these bones

Wnst Fractures

Colleg Fracture 1s the most common one in the wrnst jomt
Following a fall on the outstretched hand there 1s a dorsal (Fig 79)
and radial (Fig 80) displacement of the diseal fragment of the
radius resulung n the typical silver fork deformity Disirapac
uon 15 performed by tracuon and not by increasing the fracture
deformity since this may increase damage to the median nerve
and flexor tendons '+** Following tlus the radial fragment 1s
pushed forward and 1n a scparate maneurer pushed mn ulnar
deviation Post reduction x rays should show the articular surface
to be ulted 15 degrees downward and 15 degrees ulnarward
Fixation 1s obtained by a plaster cast applied from just below the
elbow to the metacarpal heads extending over the proximal half of
the thumb metacarpal Immobilization usually 1s maintained for
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white proxmal fragment but which can heal with adequate m
mobihization

A fracture of the navieular may be assoctated with a perilunar
dislocation of the carpal bones 22 Mampulative reduction con
sists of traction while extending the wrist With the thumb pressed
aganst the capitate the wrist 15 then flexed Thereafter the hand
1s treated as with ordinary scaphoid fractures

More complicated dislocations of the lunate in which manipu
lation 13 unsuccessful require cxcision of the lunate bone and
proximal fragment of the scaphoid Older patients require wrist
arthrodesis since extensive manipulations or operatine reductions
will be followed by arthritis

JOINTS

Sprans of tinger and thumb interphalangeal and metacarpo-
phalangeal joints often have a prolonged period of disability
These are treated by immobilization for two or three weeks 1n
a light plaster splint with the joint 1n a position of shight flexion
Following this peniod of immobilization active moton 1s instituted.
Dusability consisung of pain swelling and himtation of motion
may take months to disappear

Figure 82, Dislocauon of interphalangeal joint.
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Fractures of the scaphoid are the second most common wnst
fracture In vigorous male adults 1t 1s more common than Colles
fractures Obletz 1 believes the strong forcarm musculature pre
vents hyperextension of the wrist, and hence the shock of the fall
on the outstretched hand 1s ransmitted directly to the weak waist
of the scaphoid Hyperextension occurs in women and older per
sons therefore the force of the fall 1s passed to the radus result
mg m a Colles fracture

The high madence of non union has been attnbuted to the
blood supply Obletz and Hulbstemn *® find that 67 per cent of
297 scaphoids show arterial foramuna along the entire length of
the bone In 20 per cent a fracture through the waist may or may
not disturb the blood supply to the proximal fragment. In 1§ per
cent there were no arterial foramuna at the waist or proximal to1t.
Thus fractures of the tubercle (about 10 per cent of all scaphoid
fractures) give the best prognosis the wawst (75 per cent) the next
best and the proximal pole (15 per cent) the poorest.

One of the most common causes of non union 1s late diagnosis.
The fracture hine 1s notoriously slow 1n appearing on x rays As
a consequence after a fall on the outstretched hand snuffbox
tenderness and pain on percusung the extended thumb are pre
sumptive of a fracture and the wrist should be rmmobilized for
three weeks unul new x rays are taken

Another cause of non union 1s tnadequate immobilization The
thumb metacarpal 1s fully abducted and the interphalangeal jomt
shightly flexed The cast should mnclude this abducted metacarpal
since motion of the thumb produces motion mn the distal sca
photd ® When the cast becomes loose 1t 15 Te applied Immobihiz
ation should last nine to ten weeks If x rays and chmucal examina
tion reveal that hiealing 13 not complete further immobilization 13
continued until healing 1s complete With thus method of treat
ment non union i1s rare

Definute surgical intervention 1s recessary with malposition of
the fracture aseptic necrosis or non union of a small proximal frac
ture fragment Excasion of the latter after eight weeks of 1mmo-
bilization may yield good function The aseptic necrosis with 1ts
trregular mottled density and partial collapse should not be con
fused with temporary avasculanity which may appear as 2 dense
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Alldsed ™ reports three cases of rupture of the collateral higa
ment at the base of the thumb assocrated with swelling at the base
of the thumb and pam and weakness of grip When the pauent
attempted to press the index finger agamst the thumb the devia
ion of the thumb from the index finger was seen chmaally and
by xray Repar was done by dnilmg holes through the meta
carpal and phalanx and performing a tenodesis with an extensor
tendon from the fourth toe followed by plaster immobilization
for four weeks

Figure B4, Irreducible dislocation of metacarpophalanges! joint of thumb.

Dislocrtions of interphalangeal and metacarpophalangeal joints
usually are due to hyperextension trauma with the phalanx dis-
placed backward (Figs 82 and 83) Reduction 13 accomplished
by traction with the joint immobilized for three to four weeks 1n
a plaster-of Pans cast 1n a positon of funcuon.

Burman * reports an irreductble hyperextension dislocation
of the metacarpophalangeal joint of the tndex finger where the
interposition of flexor tendons between the bones prevents closed
reduction and necessitates open reduction

Duslocation of the metacarpophalangeal jont of the thumb s
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Tears of the capsules of the finger joints may give rise to various
deformities Portis 2 presents a case of an unusual avulsion of the
palmar portion of the proximal interphalangeal joint capsule As
a consequence of this mjury there 15 hermauon of the head of
the proxumal phalanx through the aperture in the capsule. The
finger cannot be extended fully in a normal manner On attempted
extension the proxumal interphalangeal joint subluxates to
hyperextension and the distal joint falls into parnial fleon He
treated several cases by repainng the anterior capsule with inter
rupted silk sutures and subsequent immobilization with the finger
1n a positon of function

Alldred,™ presents an nteresting report of an mjury where the
patient felt a pamnful snap on the radial side of the metacarpophal
angeal joint of the index finger This resulted 1n a deformity
with the metacarpophalangeal joint held at 40 degrees flexion
At operation a tear was found 1n the joint capsule the proximal
part of which had retracted and rolled up nto a tight band
which was caught around the metacarpal hecad The defect
i the capsule was closed and the finger 1mmobilized for three
weeks After this there was a good retumn of function

Figure 83 Dulocation of metacarpophalangeal joint
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Alldred @ reports three cases of rupture of the collateral hga
ment at the base of the thumb associated with swelling at the base
of the thumb and pan and weakness of gnp When the patient
attempted to press the mdex finger aganst the thumb the devia
ton of the thumb from the index finger was scen chmaally and
by xray Repair was done by dnlling holes through the meta
carpal and phalanx and performing a tenodests with an extensor
tendon from the fourth toe folloned by plaster immobihzation
for four weeks

Figure 84 Irreducible duslocation of metacarpophalangeal joint of thumb

Duslocations of interphalangeal and metacarpophalangeal jomnts
usually are due to hyperextension trauma with the phalanx dis-
placed backward (Figs 82 and 83) Reduction 1s accomplished
by traction with the jomnt immobilized for three to four weeks in
a plaster-of Pans cast m a position of function

Burman * reports an irreducible hyperextension dislocation
of the metacarpophalangeal joint of the index finger where the
mterposition of flexor tendons between the bones prevents closed
reduction and necessitates open reduction

Dislocauon of the metacarpophalangeal jomnt of the thumb u
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one of the most common dislocations of the hand (Fig 84) The
phalanx 1s displaced backward and the head of the metacarpal 1
driven through a sphit in the jont capsule which closes around
the bone The tendon of the flexor pollicis longus and the sesa
moids which are constant 1n this region further aid 1n locking
the dislocation Thus usually has to be repaired by an open reduc
tion with an incsion 1n the metacarpophalangeal crease of the
thumb (Fig 85) Through this inasion the volar plate of the
joint capsule 1s reached and divided separating the two sesamoids
and permitting the release of the head of the metacarpal
Dislocation of the lunate bone usually results from a fall on the
domsiflexed hand The lunate bone 1s squeezed between the radius
and capitate bones into the carpal tunnel producang compression
of the tlexor tendons ot the hinger and median nerne Climaally

{

(ﬂ.

Sesamod

Heod of
137 Metacarpal

Figure 83 Inasion for open reduction of dulocated metzcarpophalangeal
jomnt of thumb
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there 15 imitation of motion of the fingers with median nene
palsy and swellng and thickemng ol the volar surface of the wrist
\ rays will reveal the diagnosis If scen carly they my be reduced
by applymg tricuon to the hngen and thumb  with pressurc
apphed to the volar surface of the dislocated bone  After manipu
lation the wrist 1s immolbnhzed n 15 degrees flesion lor a week to
ten days followmg which a new cast 1s applied with the wnst
neutral posttion for another tho weeks If the closed method fails
the lunate may be reduced through an incision over the front of
the wnst between the flesor carpt radialis on one side and the
tlexor tendons and median nene on the other Following this
procedure the wnst 1s placed in flexton and incorporated 1 a
plaster-of Pans cast. If old dislocations produce symptoms com
plete excision of the lunate bone may be necessary Hambly
suggests that there 1s a strong case tor exaision of the lunate
mmmedsately after 1njury and quotes one surgeon who excised a
sermilunar with the result that twenty years later the patient had
no apparent disability of the wrist joint.

Stmilar dislocations may occur 1n the carpal scaphoid ** This
usually 1s caused by mjury with the hand gripping something n
ulpar deviation and dorsal extension of the wnst It can be
corrected by applying traction with pressure over the proximal
pole of the bone The wrnst 15 1mmobilized 1n moderate dorsi
tlexion and radial deviauon

There are many combinations of bones tnvolved 1n numerous
duslocanions of the wnst Generally when these are fresh they
can be reduced by traction and manipulation When old open
reduction 1s necessary to Tesiore normal anatomy Complicauons
include degenerative arthnus and asepuic necrosis of the carpal
bones particularly the scaphoid The per: lunar dislocation 1s the
most common and may be confused with dislocations of the lunate
bone However the lunate retams its normal relationship with
the radius and the remaming carpal bones are displaced dorsally
and radially Associated with this there may be fractures of the
scaphoid and the radial and ulpar styloid processes  Fresh dis-
locations are reduced by traction and manipulation after which
they are immobilized n plaster from the Lnuckles to the elbow

with the wnst flexed 30 degrees Older dislocations n

reduction ced open
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A somewhat neglected dislocaton 1s that of the carpometacarpal
joint Since hittle motion 1s attmbuted to these joints the resultant
disabulity from such dislocations usually 1s overlooked. It should
be emphasized that the fifth carpo-metacarpal jomt 15 more like
a saddle joint and closely resembles the first carpo-metacarpal
Jjoint. Its motions are essential for cupping of the palm 1n grasping
an object and for a firm grip An arthnius developing here may
nterfere with the mobility of the hand and weakens the grip
Ker ® reports a dislocation of the fifth carpo-metacarpal joint that
could not be reduced and 1n wluch an open reduction was neces-
sary with maintenance of the reduction by suture Waugh and
Yancey * simularly report on such dislocations and point out that
occasionally Kurschner wires will be necessary to hold them
n place
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CHAPTER 11
SPECIAL INJURIES

Apart from the usual gauma afflicting the hand there are cer
tam injunes which because of ranty peculiar occurrence or
bizarre tissue response require separate explanation

THERMAL BURNS

Burns markedly lunit hand mobility by destroying shan elasticity
and underlying tendons and joints This 15 most marked on the
dorsum where skin stretching 1s most needed and where the jownts
he immediately beneath the shin surface Additional restricting
fibrosis 13 produced by secondary infection edema and immobdity

Imual treatment consists of minimal debridement of loose shin
shreds using stenle techmque A thin layer of vasoline gauze 13
placed over the burn and between all the fingers to prevent their
adherence to one another The fingers are spread apart with all
the joints placed n shght flexion the thumb held 1n a position
of abduction and oppositton and the wrnst domsiflexed to 15
degrees The remainder of the dressing 1s made up of gauze or
sterile mechanics waste and the entire hand wrapped with an Ace
bandage so that 2 firm but not tight dressing will be maintained
After Ine to seven days the dressing may be changed daily the
hand soaked 1n halfsoength Dakins solution and moton
permitted

The burn wound 1s closed as soon as possible with split thichness
skin grafts approximately 12/1000 inch m thickness In order to
hasten the tme for grafung, the burn slough 1s removed surgically
or with chemical debridement using various substances such as
pyruvic aad phosphonc-acid gel and proteinase '3 However the
slough 1s more difficult ro separate chemmically when 1t involves
the palmar fascia or the fascia of the back of the hand and surgical
excision 1s more satisfactory

(18]
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Motion 1s started 1n the fingers 1s soon as possible after grafting
procedures  This may be uded by dypamic sphnung and
physiotherapy

Because of the tendency to protect the face in exposure to lire
bums frequently occur on the dorsum of the hand Since the
elastiaaty of the dorsal sk 1s s0 essential to full flexion of the
hand even minor burns hmit mobility *¢ When the burn does not
invohe the underlyng tendons the granulating area or thin
atrophic scar 1s exaised completely 1n a bloodless field with care
taken to avoid the underlying vemns and nerves Excsion 13 so
planned that the resultant scar will not cross the flexion crease at
the wrust or finger joints 1 a straight Iine ™ A spht thickness
graft 13 tailored to fit the defect and sutured m place The web
space of the fingers are prone to develop adduction contractures
therefore skin grafts should cover the web space completely
down to the volar surface taking care that the digital nerves 1n
this area are not damaged

When dorsal burns are deep and underlying tendons or bones
are involved a sphit thickness graft 15 not adequate and a pedicle
flap of skin and subcutancous tissue must be used followed by
subsequent reconstructive procedures on the tendons and joints
Even when the dorsum has been properly shin grafted contracture
of jomnts and connective tissue in the hand may remain which
must be correcied by proper dynamic sphinting and physiotherapy
The most common defect 1s the flexson deformity of the wrst
associated with extension or even hyperextension of the metacarpo-
phalangeal joints and flexion of the interphalangeal joints A
dynamic splint must be applied which will flex the metacarpo-
phalangeal jomnts and extend the proxamal interphalangeal joints
If 1t 15 not possible to do this by dynamic splinting capsulotomy
will be necessary At tmes the hyperextension of the metacarpo-
phalangeal joints may be so severe that dislocation of the phalanges
on the metacarpals occur necessitating resection of the metacarpo-
phalangeal joints *

Burns onlthc volar surface of the hand usually are produced by
contact with a hot ob If
natural slouglung of bujx::tcd tmtll:: 1511:1]:1532:113 . mVTIVL‘d the
18 necessary When tendon sheaths are Y e xcision

preseried a deep sphit
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thickness graft 1s sausfactory but if the tendon sheaths are n
volved a pedicle flap will be necessary to permut subsequent
reconstructive tendon surgery

Burns on the fingers may be adequately covered with spht
thickness skin grafts. As a rule, 1f the bum destroys underlying
tendons or joints reconstructive procedures are uscless

Skin grafung ofien 13 needed for other reasons than improving
hand mobility Hypertrophic scars deeply pigmented areas, and
thin atrophic scars which ulcerate easily on use need excision
In addition there ts the potential danger of cancer developing m
such scars 1°

It 15 obvious that the sooner a burn wound 1s healed the less
chance there 15 for subsequent contractures There 15 an 1ncreasing
tendency to excaise burns at the ume of injury with immediate
split-thickness skin graftng Ross ! found that the average healing
ume 1n a senes of such burns was twenty five days compared to
forty where the grafting was delayed unul the third week. How
ever Willtams 12 states that the same percentage of hands devel
oped contractures which were treated by primary grafung on the
tenth day 25 compared to chiuldren who were treated subsequently
by grafting He believes that the reason 1s that proper splinung of
the hand was not carried on after the skin grafung

Further discussion of the reconstructive procedures necessary
to restore mobility will be found in Part V

RADIATION BURNS

Exposure of shan to radiation may result in dire consequences.
Persons 1nvolved in admimstening radiation therapy are most
often affected Mason 2 reviewed sixty-eight patients with irradia
tion njuries of the hand and found that 58 per cent occurred m
physiians dentists roentgen or radium therapists and radio-
logical techmicians The majority of the remaining cases were
pauents treated for benign lesions such as acne plantar warts
port wine stains epidermophytosis etc  Particularly tragic are
those burns resulung from the use of x ray for removal of excess
hair ¥ Occasiomally prolonged fluoroscopic examinations will
produce unfortunate burns.*
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In addition to radiodermatitis, xray may damage growing
epiphyses Daland !* reports the case of a young girl who was
treated with radium for a hemangoma at the base of the nght
thumb Radiation dermatitis developed at the site and the thumb
grew to only onc-half the length of 1s normal size

Acute burns usually are the result of a single large dose and are
most commonly seen m the hands of doctors or pauents after
fluoroscopy There 1s edema and erythema wath deep bonng pan
and vesiculation and desquamation may occur as i an ordinary
burn In severe cases the skin may turn white slough and become
an indolent uleer

In a case report by Hempelmann !* the hands became swollen
within thirty minutes after massive exposure corresponding to
the equmvalent of from 20000 to 40 000 roentgen units of an
80-kilovolt x ray machine. The nght hand bhstered thirty-sx
hours after exposure and destrucnion of the skin continued on
the nght hand and forearm Dunng the second week, just pnor
to the patient s death there was dry gangrene of the fingers of the
night hand and left thumb

Treatment of acute burns consists of sedauon for control of
patn and a bland omntment such as cold cream or lanohn to seal the
burn from the air A loose soft dressing plus tmmobilization of
the hand 1n the position of function are further adjuncts.

Chronic radsodermatitis 1s manifested by atrophy telangiectasis
and keratosis of the shin A study of the histopathology of these
changes revealed fibrosis atrophy of the skin telangiectass and
obliterating endartenitis 1*1* Daland !* reports the loss of sub-
cutaneous fat 1n the radiated area

Carainoma occurnng in radiedermatitis 1s more frequent after
prolonged minimal exposure to the alpha and beta rays and usually
15 scen with high voltage radiation The inaidence of carctnoma
vanes from 20 to 32 per cent'*¥ It 1 wsually a squamous cell
type but 2 basal cell type may occur Radiodermatitis makes the
skan more senxitive to other chemical mechanical bactenialogical
and x ray simuht The cffect of sunlight may be very stnking 1*

Treatment consists of exasion of the area with closure by split
thickness skin graft or 1f necessary by flap grafts
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thickness graft 1s sausfactory but 1f the tendon sheaths are -
volved a pedicle flap will be necessary to permut subsequent
reconstructive tendon surgery

Bumns on the fingers may be adequately covered with split
thickness skin grafts As a rule if the burn destroys underlymng
tendons or joints reconstructive procedures are useless

Skin grafung often 1s needed for other reasons than mproving
hand mobility Hypertrophic scars deeply pigmented areas and
thin atrophic scars which ulcerate easily on use need excision
In additson there 1s the potential danger of cancer developing m
such scars 1*

It 15 obvious that the sooner a burn wound 1s healed the less
chance there 15 for subsequent contractures There 1s an increasing
tendency to exase burns at the ume of injury with immedrate
split thickness skin graftuing Ross !! found that the average healing
tume 1n 2 senes of such bumns was twenty five days compared to
forty where the grafung was delayed until the third week. How
ever Williams 1 states that the same percentage of hands devel
oped contractures which were treated by primary grafung on the
tenth day as compared to children who were treated subsequently
by grafting He believes that the reason 1s that proper splinting of
the hand was not carried on after the skin grafung

Further discussion of the reconstructive procedures necessary
to restore mobility will be found tn Part V

RADIATION BURNS

Exposure of shin to radizuon may result m dire consequences
Persons involved 1in admimstering radiation therapy are most
often affected. Mason  reviened sixty-eight patients with uradia
tion mjunes of the hand and found that 58 per cent occurred 1n
physiczans denusts roentgen or radimum therapists and radio-
logical technictans The majonity of the remaining cases were
patients treated for benign lestons such as acne plantar warns,
port wine stains epidermophytosis etc  Particularly tragic are
those burns resulting from the use of x ray for removal of excess
hair  Occasionally prolonged fluoroscopic exammations will
produce unfortunate burns **
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then ¢jected mto the finger or hand m varymg quantiies wnd
pressures (Fig 86) It spreads diffusely throughout the tissue
of the finger and hand even going into the wrst and foreirm
There 15 pam and swellmg i the mvolved area due to the pres-
sure of the mass chemical irnitation of the grease and sccondary
nfection

Treatment 1n the acute phase will depend upon whether the
grease 1s localred or widely dispersed throughout the hand
X rays will prove this pomnt 32 When the grease 15 scen on X ray
as a localized mass an incision over the grease permits 1t to slowly
extrude from the tissues. Fingers white from 1schemia become
hyperemic. 1E the x ray demonstrates a wide dispersion of grease
conservative treatment 13 indicated consisng of chemotherapy to
prexent secondary infection and sedation for pain Surgery should
e limited to cautious removal of sloughing tissue and/or ncision
of fluctuant areas when abscesses develop Hot soalks should not
be used since they will increase the tissue demands for blood m
the presence of a finger which 15 1schemic After the acute phase
15 past the msolved tissues react to the retamed grease 1n various
ways Some may be extruded to the exterior if 1t 15 close to the
surface (Fig 87) However most of the grease 1s encapsulated 1n
chronic inflammatory tissue and either remains permanently n
the injured area or 13 slowly removed by phagocytosis The encap-
sulated grease may not remain mert but may stimulate oleomas
which should be exased 33

RING INJURIES

If the nog on a ﬁngcr gets caught on a moving part, 1t may
completely or partially denude a finger of 1ts shin  Another
mechanism for thus 1njury s when someone loses his balance on
attempting to reach a high object and falls catching the nng on
a hook or other projection thereby throwing his entire weight
on the nng Such injuries usually require amputation since the
digatal nerves and blood yessels may be severed. hander * Teports
ten such denuding nng mjuries in two of which the finger was
saved by applying an abdomnal flap

The chronic pressure of the sharp edge of a ning agamst a
phalanx may result 1n 1ts eroding through the finger and bone
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GREASE GUN INJURIES

The mjection of grease or o1l under pressure produces numerous
hand injuries Certain grease guns have a needle Like ejector which
can mject grease under high pressures (1000 to 7 000 pounds)
The operator accidently touches or comes very clase to the end
of the ejector while the tngger of the gun 1s tripped Grease 1s
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Figure 86. (Top) Grease gun injury to nng floger seen several houns
after occurrencr

Figure 87 (Bottom) Greme gun injury weeks after occurrence showing
pits through which some of the grease extruded.
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It 13 of nterest that the x rays of the hand show that the air filled
the mid palmar space but did not go past the intermediate
palmar septum However 1t did communicate with the web spaces
of the fingers along the lumbncal muscles

PORCELAIN FAUCET INJURIES

The porcelain faucet handle partcularly the straight bar type
15 a lethal weapon Attempting to force this open or closed may
result m the handle breaking into sharp pomted edges Since the
farce usually 1s exerted along the palm the handle penctrates
the palm and produces severe mjury Seventy four injuries of this
type were reported 1n which there was nerve or tendon damage
1n all but one ¥ Any tendon of the hand may be involved but
since the pressure 1s usually along the thenar fleion crease the
tendons of the thumb 1ndex, and long fingers are most commonly
mvolved The median nerve was injured n sixty-cases and the
ulnar nerve m three

WRINGER ARM INJURIES

‘When an arm 1s caught between the rollers of a power dnven
washing machine wringer or some other type of mechanical roller
the mvolved extremuty 1s contused or crushed depending upon
the type of wringer The area becomes swollen and ecchymotic
due to damage of underlying capillanes If edema 1s not prevented
severe 1schemic changes may occur in the hand and forearm
Dewitalized skin may slough leaving granulating wounds which
often are seen m the most proximal portion of the arm where 1t
15 squeezed agamnst the rollers More severe crushing may pro-
duce tendon and joint injury X rays rarely demonstrate fractures
Several authors have reviewed their experiences with thus
lesion 338

Basic treatment consists of a sterile pressure dressing applied
with an elastic bandage from the fingertips to the axilla with the
hand placed n the posiion of funcuon To prevent secondary
infection chemotherapy 1s recommended The wound 1s examined
carefully darly for the first few days to sec 1f there are any accumu
lation of fluid or blood 1n the extrermty which may require evac
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Such a case was reported where two-fifths of the arcumference
of a gold wedding nng lay within a tunnel passing through the
proximal phalanx of the left nng finger ¥

AEROSOL BOMB INJURIES

Metzler 3 reports the failure of an aerosol bomb resulting 1n
a severe hand mjury When the needle valve was opened 1t was
blown out allowing the mixture of pyrethrum DDT and Freon
to escape The operator placed his hand over the opening 1n an
attempt to stop the flow and rushed the bomb out of the dwelling
When he dispased of the bomb his hand was frozen 1nto the shape
m which 1t had been cupped over 1t. Examination demonstrated
mjuries equivalent to a third-degree burn.

BERYLLIUM GRANULOMAS

Berylium produces various shin lesions such as dermatitis,
cutaneous ulcers and subcutancous granulomas Flynn ® reviewed
this subject and reported two cases of subcutaneous beryllium
granulomas of the hand 1n persons who had been cut with fluor
escent light bulbs The tendons of the fingers had to be excised
with subsequent skin and tendon grafting The granulomas con
sisted of fibroblasnc tissue wath lymphocytes and multinuclear
giant cells Although beryllium has not been used in maling
fluorescent light bulbs since 1949 there are sull many mn stock
and caution should be exercised 1n disposing of the burned-out
beryluum fluorescent lamps Talbert and Caylor * report the
case of a berylhum granuloma appeanng 1 the web of the left
thumb the skin of which was covered with fluorescent powder
following laceration with broken neon tubing

COMPRESSED AIR INJURIES

Desmond,® reports the case of a metal muller who directed
the nozzle of the air compressor pump to his hand while attemp-
ting to remove a piece of metal shaving from his finger The hand
instantaneously becamne swollen and pamful The emphysema was
confined mainly to the palmar space and 1ts lumbrical extensions
With conservatiie therapy such hands recover complete function
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of ussue 1 wo such injuries have been reported  the more severe
producing destruction of extensor tendons and metacarpal bones
as well as skin * Treatment consists of removal of the solidified
plastic lcaving the wounds open Subsequent reconstrucuive sut
gery 1s performed as indicated

GUNSHOT WOUNDS

The physical factors involied 1n gunshot wounds has been well
studied 1142 A compressed pressure wave precedes the bullet and
moves out rapidly 1 all direcuions from the point of impact. In
the wake of the mussile a cavity forms which separates from the
missile and appears to expand and contract several times Thus
in addiion to the mjury of the mussile there 13 pulping and
explosive damage to the tissue due to this compression wave

The wound of entry may be small and round and the wound
of extt large and expansine The mmual treatment consists of
thorough cleanstng and debrnidement The wound 1s left open
and placed m a compression dressing as soon as possible In about
seven or eight days if the wound stays clean 1t can be converted
mto a closed one by the suture of a skin flap or a split thickness
graft. At a later date reconstructive surgery can be performed as
necessary Various authors who report on this type of 1njury find
that these principles give satusfactory results @4

HYDROFLUORIC ACID BURNS

Hydrofluonc acad which has many uses in industry causes a
deep slow-healting painful burn (Fig 88) In severe cases there
15 noticeable destruction of nssue which may continue over a
penod of several days to weeks. Hydrofluoric acad has an extra
ordinary penetratine abihity It has been demonstrated that the
ntact hydrogen fluoride molecule 15 capable of penetratung ntact
epidermus

Such burns are immediately washed with a warm solution of
sodium bicarbonate followed by soaking of the part 1n alcohol
As soon thereafter as possible under general or regional anesthesia
the solt tssues undemeath the skin are mjected with 10 per cent
claum gluconate Thus 1s done o that the fluorides n the tissucs
will be precipitated as msoluble calcium fluoride 4
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uation As the slin 1s lost and sloughs away skin grafting will be
necessary If there are tendon or joint deformities tendon grafting
and capsulotomy will be necessary and will be further discussed
n the reconstructive section

THE CORN PICKER HAND

The mechanical cornpicher 1s capable of produang extensive
njuries to the hand which embrace the entire field of hand trauma.
Because of their extensive nature, they have been made the

object of speaial study 2437

‘WELDER'S INJURIES

During the process of spot welding a spray of red hot metallic
particles occur which may produce severe mjunes if they penctrate
the eye Twelve cases have ben reported in which these sparks
penetrated the hand giving nise to mmute wounds with subsequent
secondary 1nfection and tiny foreign body granulomas* Early
surgical treatment 1s indicated and a careful exasion of dead
tssue should be done with extraction of the metallic particles

and immedrate suture.

INDELIBLE PENCIL WOUNDS

Indelible pencils may contam aniline dyes which cause necrosis
of the tissue 1f they acadentally penetrate the skin Such wounds
may pemst as a chronic discharging smus or indolent ulcer When
scen carly the treatment 1s surgery consisting of excision of the
ennre discolored area with the resulting wound left open Fermer ®
reports an injury of this type treated in tus fashion with an
cxcellent result

PLASTIC INJURIES

The 1ncreased use of plastic material 1n 1ndustry has produced
a new mnjury This matenal 1s diven under pressure and ¢jected
through outlets nto vanous molds The hand accidentally may
be njured sunilar to grease gun mnjury and the foreign materal
introduced directly 1nto the hand where 1t immediately solidifies
Thus produces intense pamn swelling and numbness in the mvolved
area and the 1ntense temperature will grve r1se to severe destruction
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that some other factor s necessary to explain 1 hematoma which
sumulates such a fibrous tissue reaction

To prevent hard edema 1t appears logical to evacnate all trau

matic hematomas on the dorsum of the hand as soon as possible
Once the fibrosis takes place this tusuc should be completely rc
moved smce Tecurrences may occur Cortisone may be useful
once the fibrous tissue has been excsed

1o
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HARD EDEMA FOLLOWING TRAUMA TO
THE DORSUM OF THE HAND

Ths entity furst described by Secretan 47 18 a curtous chnical
entty that 1s caused by a blow to the back of the hand which 1s
followed by persistent swelling In ime the edema becomes hard
and one can feel the firm fixed mass on the dorsum. Fixation of
underlymg extensor tendons may prevent full flexion of the wrst
and fingers When the mass 15 surgically excised fibrosis with
occasional cyst formation 1s found attached to the extensor tendons.
Accordingly this disease 15 called Pentendinous Fibrosis ¢

It appears to be the consensus of modern authors that this hard
edema 1s due to a reaction to hematoma. Excision of such a mas
revealed that 1t contamed macrophages composed of hemosidenin
Exploration of two cases demonstrated evidence of old and recent
hemorrhage with fibrous tissue proliferation and orgamzation m
the hemorrhagic area ® However one must agree with McKenne **

Figure 88 Hjydrofluorlc 2cid burn of night hand.
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CHAPTER 12

GENERAL DISEASES AND
OCCUPATIONAL STIGMATA

Aparl from 1ts local diseases the hand 1s a murror of general
medical conditions and occupational stramns Careful examination

may reveal sigmificant clues for the diagnosis of many other
discases.

MEDICAL DISEASES

Dermatologic disorders may affect the hand espenially vitiligo
tinea eczema and scabies. Cohen and Hophins' report a case
of eptdermolysis bullosa 1 which there was so much destruction
of the skin of the hand and fingers that the entire hand was
encased n a matt of smooth scar tissue A sumilar case was reported
where complete destruction of both hands developed.® A further
discussion of the vanous skin lesions which appear on the hand will
not be attempted but 1t 1s to be emphasized that they are impor
tant since Downing ? estimates that 80 per cent of a dermatologist s
practice consists of the diagnosis and treatment of skhin dusorders
of the hand. The majonity are due to occupauonal or recrea
tional pursuits

It 15 beyond the realm of this book to discuss cyanosts wlhich the
hand and parucularly the nail bed demonstrates so readily A
peculiar ted discoloration of the skin of the distal end of the
extremuties called acioerythiosis may be found 1n tuberculosis
Banym and Hersh* found 1t to be present in 28 per cent of
moderately advanced 40 per cent of far advanced and approx
imately 50 per cent of preterminal stages Thus often was assoct
ated with palmar erythema These authors feel that the latter
condition may have been due to poor Iiner function which often
15 found 1n advanced tuberculosis

Heart disease may exhibit ttself 1n the hands by signs other
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than of the mucous membrines or conjunctiva. Wintrobe ' states
that when the shin creases across the palm lose their reddish pink
color the hemoglobin level may be judged 1s bemng below seven
grams per 100 mulliliters In a study of 1500 patients only twenty
failed to show tlus correlation 2

Fig 89 iz 90
Figure 89 Gout Extensive joint destruction with punched out arcas of
radiolucency in subchondral bones of the phalanges.

Figure 90 Hypertrophic pulmonary ostecarthropathy involiing meta
arpals and phalanges.

Congenutal lesions of the hand should make one suspicious of
other congenital and associated diseases Arachnodactyly (described
by Marfan in 1896) may be assoctated with many severe abnormal
tes such as patent foramen ovale mitral and aortic valvular dis
case myocarditis and dissecting aortic aneurysm  Whattaker and
Sheehan * report two cases of a dusecung aortic ancurysm
as an 1solated lesion 1in members of a family showing other
features of Marfans syndrome Aortic hypoplasia assocrated
with Marfan s syndrome 15 descibed by Whatfield et al ¥ Small
paraungual fibromas have been observed in tuberous sclerosms
of the brain ¢

The hand has not been neglected 1n neuro psychuatric diagnosis
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than cyanosis or clubbing Bactenal endocarditis may dem
onstratc a small tender nodule 1n the finger pad (Osler node)
which lasts only a few days a small erythematous patch m the
palm (Janeway lesion) or a splinter hemorrhage beneath a
nail ® Myocardial infarction may be complicated by the shoulder
hand syndrome in which there 1s a painful disability of the
shoulder with general swelling of the hand followed gradually by
a flexion deformity of the fingers ¢ The relationship of this syn
drome to Dupuytren s contracture will be discussed 1n the chapter
devoted to this disease. Shapiro et al? descibe vesicles which
appear over the hand 1w relation to an acute posterior myocardial
infarcuon The vesicles progressed to uleeration with healing in
approximately two weeks They believe these were caused by
mpulses from the mfarcted heart mediated antidromucally
through the sensory nerves. A subcutancous nodule of acute
theumatic fever may appear over the knuckles Circulatory
dynamics may be seen 1n the hand 1n the capillary pulsanons
of aortic msuffiaency and the cold cadaveric hand of shock.?

Endocnine disorders may produce profound changes in the hand
such as the warm most hands of the hyperthyroid, the rough
dry cold hands of the creun the broad coarse hands of the acrome
galic, the hyperpigmentanion of Addison s disease and the carpal
spasm of tetany

Laver disease may show palmar erytherna and spider angiomas
Flat fingernails and a ground-glass-like opacity of almost the entre
nail bed which give the appearance of white pails, have been
found in connection with arrhoss *1°

Metabolic diseases may be seen 1n the hand. Gouty tophaceous
deposits appear 1n the hand and fingers and require surgical ex
asion because of cosmetic deformity pain interference with joint
and tendon motion and persistent dischargmng sinuses 2 X ray
shows well defined punched out areas n the subchondral bone
of the phalanges More severe stages of the disease exhibst thin
ning of the jomnt space and extensmve jomt destruction (Fig 89)
Other metabolic stigmata are the xanthomas

Nutntional disorders scen 1n the hand are the domal erythema
of Vitammin B deficiency and the subungual bleeding of scurvy
Ancmia may be more accurately judged by the pallor of the hand
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than of the mucous membranes or conjunctiva Wintrobe 2 states
that when the shin creases across the palm lose their reddish pink
color the hemoglolin level may be judged 1s bemng below seven
grams per 100 millilters In 1 study of 1500 pauents only twenty
latled 10 show this corrclation 12

Tig = rig %0
Figure 89 Gout. Extensive joint destruction with punched out areas of
Rdwolucency in subchondral bones of the phalanga.

Flgure 90 Hypertrophic pulmonary osteoarthropathy involving meta-
arpals and phalanges.

Congenatal lestons of the hand should make one suspicious of
other congenital and associated discases Arachnodactyly (descnibed
by Marfan 1n 1896) may be assoctated with many severe abnormal
tties such as patent foramen ovale mitral and aortic valvular dis-
case myocarditts and dissecting aortic aneurysm  Whittaker and
Shechan ™ report two cases of a dissecung aortic aneurysm
as an 1solated lesion 1in members of a family showing other
features of Marfans syndrome Aortic hypoplasia associated
with Marfan s syndrome 1s descnibed by Whatfield et al # Small
paraungual fibromas have been observed 1n tuberous sclerosis
of the bran e

The hand has not been neglected 1n neuro-psychiatric diagnosis
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Excessive palmar sweating with or without tremor has been well
known in neuroarculatory asthema. The acuvity of the hands
may manifest underlying neurologic psychiatnc disorders such
as the restless hands of the neurotic, the calm warm hand of the
well adjusted personality the pill rolling movements of Parkin
sons disease the aimless motions of the athetouc pauent, etc.
Schachter ' believes that the nfanule fifth finger (symptom of
Du Bois) 1s more frequent among problem than controlled chuld
ren Palmar denmatoglyphics may be helpful in diagnosing mon
golism at an early age.® An entire book has been wntten on the
relation of the hand to mental and psychiatric disorders.”*

Fay ® reviened the motions of the thumb as a chmrcal aid
diagnostic screening of paralysis Cortical lesions which give rise
to a cortical spasuc paralysis will demonstrate a thumb which
remains flexed at the up and drawn into the palm. Basal ganghon
lestons will give mise to the midbrain thumb where the patent
cannot rapidly and repeatedly touch the up of the thumb to the
up of the index or mddle finger The motement 1s slow stff and
delayed. When the spinal cord 1s directly involved such an atrophy
or neakness of the intrinsic muscles may occur as ro permut the
t1p of the thumb to be placed completely back of the knuckles of
the index finger (cord thumb) Isolated paralysis of the median
and ulnar nerve can be easily differentiated mn thumb movements
and paralysis of the brachial plexus will give rise to a flacaid type
of paralysis where the thumb cannot touch the up of the fingers
be held to the side of the mndex finger or be cocked backward
mn extension

Clubbing of fingers 15 commonly associated with cardiopul
monary disease There 1s swelling of the ends of the fingers and
the nailbed phalanx angle 1s increased The nailbed 1s thickened
spongy and curved around the sides and tip of the fingers. It
usually 1s bilateral but may be unilateral and even umdigital.

As the disease progresses there develops an expansion of the
periosteum of the shafts of the phalanges (hypertrophic osteo-
arthropathy) (Fig 90) The same process occurs in the periosteum
of the more proxamal long bones and new bone 1s lard down along
the shafts The medullary cavity does not become narroued.

The basic pathology was well studied by Lovell ¥ who found
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that mereased fibrous hissue 1 the naibed 13 the carhest nd most
constant change Tlus connective tisstie 1Mcrease 1ppears 1o I
due to meresed blood flow m excess of local physiological needs
and uts location m the distal finger segment 1s attributed to the
predomimence of AV amstomoses  Mendlowwr = first demon
strated that clubbing was associated with an mereased blood flow
1 the affected Gngers nd this was corroborated by Wilson =
and Charr and Swenson !

The mncrease 1 blood flow to an extremity may be a prnimary
disturbance in aneurysms and AV fistulas explaming the associa
tion of club fingers with these discases Tt also explains the clubbing
seen 1n congenital heart disease when there 1s a night to-left shunt
and 1 pulmonary AV fistulas where there 1s a sumilar passage
of blood from the nght to the left side Although aneurysms of
an extremity gue mse to tpsilateral clubbing one wonders why
there 13 an ncreased blood flow distal to the aneurysm Cross and
Wilson # find this possible 1f a valvular roechanism 1s present in
the afferent vessel so that the elastic recoil of the sac forces the
blood distally Thus fusiform aneurysms are not associated with
clubbing whereas the syplihtc type which 1s spherical and sac
cular and more likely to have a valvular angulation at the point of
entry to the artery 1s more apt to produce the clubbing The
increased airculation 1n thyrotoxicosts may explain 1ts occasional
presence 1n this disease * Persustent dilatation of the blood vessels
in pleuropulmonary nfections may produce mcreased penpheral
systemic blood flow and account for the clubbing commonly seen
m these discases B

The increased blood flow may be a secondary disturbance to
anowa explaining the clubbing n cyanosis, methemoglobinemia
sulphemoglobinemia and 1n chronic infecuons of the lung (tuber
culosts bronchiectasis empyema abscess) However 1t 15 also found
m ulceratine colitis and various neoplasms 7% Mauer % males
the 1nteresting observation that when the sedimentation rate ss
rapid due to the mncreased level of serum globulins the red cells
tend to form rouleaux As a consequence the diffusion surface
per unit of hemoglobin 1s reduced and the tussues remamn rel

tnely anoxic This may explain the inadence of clubbing of the
fingers 1n some of these diseases
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BONES

Numerous general bone and joint diseases may be seen m the
hand a few of which will be bniefly discussed or defined

Developmental

Osteogenests imperfecta 13 charactenzed by debaent matnx
formation abnormal fragility of bones and blue sclem X raps
will show osteoporosis thinning of the cortex dimmution of
the shaft 1n the middle with some flaring toward the metaphyss
and muluple fractures Osteopetrosis or marble bones shows an
increase 1n the density and thickness of the bones The phalanges
may show only a dense transverse band 1n the metaphysis adjacent
to the epiphyseal hine

Fibrous dysplasia of bone 1s characterized by regressive changes
thinning of the cortex and replacement of the marrow by fibrous
tissue contaimng abnormal fibrous bony spicules. When assocl
ated with precocious puberty and pigmentation of skin 1t 1s known
as Albrights syndrome \ rays show central cyst hike areas of
translucency which may contain coarse trabeculae The bone 15
broad or expanded The cortex 18 thinned and there 15 a trabecu
lated and cystic appearance The cystic spaces are filled with
proliferating connective tissue of immature spindle cells.

AMultple enchondromatosts 15 a developmental disease charac
tenzed by muluple cartilagenous tumors 1n the long bones. It
often 1s known as Ollier s disease When associated with muluple
soft tissue hemangiomas 1t 15 hnown as Maffucer s syndrome
Multiple cartilaginous exostoses may affect the metacarpals.

Osteoporkilosts 18 an uncommon affliction 1n which muluple
ulands of compact cancellous osseous nssuc are found It may
occur 1n the carpal and metacarpal bones and to a lessor degree
1 the phalanges (Fig 91) Suppled epiphyses 1s a congemital de
fect of chondroplasia in which muluple diffuse calafications
occur 1n the ossification centers of the bones. It may be seen 1n the
carpus and must be differentiated from a similar condition seen
in hypothyroidism Osteopathia striata (Voorhoeves disease) 13
charactenized by longttudinal striations of all the bones but the
skull and clavicle The long bones of the hand may be involved
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Alelorheostosts demonstrates a nzarre arregular flowing hyper
plasuic deposit upon and in the bones of an extrenuty Camplell
reports a casc of a twenty six year old miner who compluned of
pan and stuffness which hd been present for a year in the nght
thumb and for eight years m the night shoulder \ ray revealed
a thickened night thumb with marked imitation of motion of the
metacarpophalangeal and interphalangeal jonts. They also re
vealed the typical candle grease flow of melorheostosis evident
1n the lower end of the radius 10 the carpus on the radial side
and 1n all the bones of the thumb There was evidence of disease
1n the upper half of the humerus and 1n the coracoid process of
the scapula

Figure 91 Osteopoikilom
Figure 2. Delayed epiphyseal closure leading to clongated digits.

Chondro-dystrophy (achondroplasia) exhibits muluple epiphy
seal deformities of the bones and joints The hands may be de
formed with broad fingers and swelling at the interphalangeal
jomnts The bones are thickened and the epiphyseal plates widened

Myosttrs osstficans progressrva 15 a disorder m which there 1s
true bone formation throughout all the sheaths of the voluntary
muscles In 75 per cent of cases there are short fingers and short

abducted thumbs due to reduced length of the bones and fusions
of adjacent bones.
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BONES

Numerous general bone and joint diseases may be scen 1n the
hand a few of which will be briefly discussed or defined

Developmental

Osteogenesis imperfecta 1s characterized by deficient matrix
formation abnormal fragility of bones and blue sclera X rayp
will show osteoporosis thinming of the cortex dimimunon of
the shaft in the middle with some flanng toward the metaphysis
and muluple fractures Osteopetrosis or marble bones shows an
increase 1n the density and tluckness of the bones The phalanges
may show only a dense transserse band 1n the metaphysis adjacent
to the epiphyseal hine

Fibrous dysplasia of bone 15 characterized by regressive changes
thinning of the cortex, and replacement of the marrow by fibrous
tissue containing abnormal fibrous bony spicules When assoa
ated with precocious puberty and pigmentation of skin 1t 15 known
as Albnght's syndrome \ rays show central cyst like areas of
translucency which may contain coarse trabeculae The bone 13
broad or expanded The cortex 1s thinned and there 1s a trabecu
lated and cystue appearance The cystic spaces are filled with
probferating connective tissue of mmmature spindle cells.

Multiple enchondromatosis 1s a developmental disease charac
terized by muluple carulagenous tumors in the long bones. It
often 15 known as Ollier s discase. When associated with muluple
soft ussue hemangiomas, 1t 15 known as Maffuca s syndrome
Multiple cartilaginous exastoses may affect the metacarpals

Osteopotkilosis 1s an uncommon afflichon 1n which muluple
islands of compact cancellous osseous tissue are found. It may
occur m the carpal and metacarpal bones and to a lessor degree
in the phalanges (Fig 91) Stippled epiphyses 1s a congenital de
fect of chondroplasia in which muluple diffuse calaficatons
occur 1n the assification centers of the bones It may be seen 1n the
carpus and must be differentiated from a similar condition scen
1n hypothyroidism Osteopathia striata (Voorhoeve s disease) 1s
charactenzed by longitudinal stnations of all the bones but the
skull and clavicle The long bones of the hand may be involved
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wncreased density of the epiphyseal plite and 1 zone of rarefiction
m the metaphysis adjacent to the epiphyscal line

Vitamm D deficiency produces an osteomlicia and a widened
nregular concave epiphyseal line

lig 93 Fig %4
Figure 93  Seabright Bantam syndrome with shortened fourth and fifth
metacarpals assoaated with pseudohypo-parathyroldum

Figure 94 Lead lines {n epiphyscal plates.

Mineral Pousomng

The ingestion of lead by cluldren resules 1n linear bands of 1n
creased density along the growing ends of long bones (Fig 94)
In adults such lead deposition can be seen 1n healing fractures or

other areas of regeneraung boome  Bismuth produces similar
changes n growing bone

Blood Disorders

Mediterranean or erythroblastic anemia may exhibit charac
teristic changes 1 the hands of children The metacarpals and
phalanges assume a rectangular outline with dense welrlile
trabeculations 1nd a markedly thinned cortex

Leukemia may show diffuse or localized areas of bone destruc
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Endocrine Disturbances

The effect of vanous endocrines on bone 15 mediated through
growth changes or calcium metabolism

The prturtary acts essenually on bone growth Overactivaty will
lead to gigantism 1if 1t occurs before closure of the epiphyses
After epiphyscal closure such hyperfunction leads to acromegaly
with elongation of the bones of the hand and hyperostosis of the
tufts of the terminal phalanges Hypogonadism results in delayed
epiphyseal closure (Fig 92) Hypothyroidism causes a defect 1n
epiphyseal growth m which there are multiple centers of ossifia
tton seen on x ray as stippling This delays longitudinal growth
but lateral growth continues producing wide short bones. In
Mongolism there 15 often a shortening of the middle phalanx of
the ffth finger wlich 1s bowed toward the midline

Hyperthyroidism with 1ts increased catabolism and subsequent
protein depletion leads to osteoporosis Postmenopausal hypo-
gonadism leads to osteoporosis due to lack of sumulation of the
ostecoblasts. Cushings disease produces an excess of a sterod
which inhibits anabolism of protemn including bone matrix.

Primary hyper parathyrordism with 1ts elevated serum calcium
lowered serum phosphorus and negative phosphorus and claum
balance will show a progressive generalized osteoclasis of bone
N ray will show decalaficauon cysts and occasionally osteoclas-
tomas or giant cell tumors Changes may appear 1n the hand with
the loss of density of all the bones and cysts i the phalanges

Hypoparathyroidism does not produce bone changes in the
hand. Pseudohypoparathyroidism associated with tetany achon
droplasia soft ussue calafications mental retardanon and low
blood calctum and elevated phosporus levels not changed by
pamﬂlymld hormone has charactenistic hand changes (Seabnight
Bantam syndrome) The metacarpals particularly the fourth and
fifth are short and broad (Fig 9%)

Vitamin Defiaenaes

Lack of Vitamin C (scurvy) leads to a deficaent bone matrix
and may be recognized at the lower end of the radius and ulna
by a general ground glass appearance of the bones widening and
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Rheumatord arthitis usnally begins m the proximal nter
phalangeal jomnts with development of typical fusiform swelling
At a later stage the netacarpophalangeal jomts may be affected
There 1s gradual loss of aruicular cattilage as o idenced by narrow
ing of the joint space Decalafication of bone occurs particularly
adjacent to the affected jont (Fig 95) In association with the
jont changes there may be a weahkness of grnip due to atrophy of
the mtrnsic muscles With progress of the disease there 15 1n
creasing deformity with flexion contractures of the metacarpo-
phalangeal joints ulnar deviation of the fingers and adduction
of the thumb

Figure 93 Rheumatoid arthritis demonstrating thinning of imvolved jount

spaces, deareased bone denuty and ulnar deviation of metacarpophalangeal
pnts

hestler ?* reviewed the pathology of arthritis and found that
there was usually an inflammatory lesion 1n the muscles with the
cell elements consisung of lymphocytes plasma cells epitheloid
cells and occasionally mononuclears cosinophiles and polymor
phonuclear cells. These cells usually had a nodular arrangement
but occasionally a scattered infiltration was observed At the same
ume the muscles demonstrated degeneration as evidenced by en
largement ncrease 1n number and vacuolization of the nucles
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tion  Occasionally penosteal stimulation may lead to bone
production

Aseptic Necrosis

Osteochondritis dissecans occasionally has been found n the
interphalangeal joints Ramsay and Batch ® report the case of a
fourteen year old boy who complained of pain and swelling of the
mterphalangeal joint of the left thumb X ray showed a lesion
compatible with osteochondritis of this joint Operation revealed
a small detached bone fragment which was dissected free and
the involved indented base or bed of the lesion was curretted from
the Jateral margin of the articular surface

Kienbock s disease 18 an avascular necrosis of the lunate bone
Dornan # reports fortysix cases forty three of which could be
traced Forty were male and three female thirty-eight were heavy
workers and five light. The right wrist was affected 1n twenty four
cases and the left 1n nineteen Twenty two cases were treated
conservatively with immobilization for three to four months
Sixty three per cent returned to work When the lunate bone
was excised 69 per cent of the patents returned to full work
He believes that removal of the lunate bone 1s justified m the
tew cases where there 15 no gross osteoarthritis and where aching
pain persists after efficient mobilization for three to four months

A similar disease occurs m the scaphoid and 1s known as
Prewsser’s disease

Avascular necrosis ot the phalanges of the hands or Thiemann s
Disease affects the interphalangeal jownts of the fingers and 15
noted 1n late childhood and adolescence There usually 1s pain
1n the mvolved jornt with a fusiform swelling and some restriction
of movement Duce to the aseptic necrosis of the involved epiphyss,
the phalanx 1s retarded 1 growth Toward the end of puberty
the epiphysts regenerates and at the normal ime joins with the
metaphysis The end result s a moderate thickening of the
epiphysis and metaphysis and a slight shortening of the phalanx.*

JOINTS

Jomnt diseases produced by speaific bacteria have been discussed
1n the section on 1nfections
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If the mtcrosscous muscles are mildly contracted the flexion
contracture of the metwcarpophilangeal joint may be reheved by
tenotomy of the lateral bands 1f dislocatton bas been produced
by the flexion deformuty of the meticirpophalangeal joint which
an be reduced passtiely the metacarpophalngeal jount 1s left
intact but the base of the metacarpal bone should be removed and
fixed with harschiner wires I{ passine reduction of the dislocation
cannot be produced 1t will be necessary to perform an arthroplasty
with excision of the metacarpal head The new joint should be
pwned 1n alignment unul enough fibrous tissue contracts around
1t to gune some stability

If the thumb adduction 15 severe the usual principles of treat
ment consist of cutting across the web exasing the contracted
ussue and applying a shin graft across the web If there 1s no
musculature left a bone block will be needed for opposion of
the thumb 4 Further discission of thumb contractures may be
found n the section on reconstructive surgery

When the metacarpal bones are shortened or when an arthro-
plasty 15 performed on the metacarpophalangeal joints Bunnell 42
suggests that the extensor tendon should be Lfted from the dorsal
aponeurosis and transferred 1nto a slit in the aponeurosis on the
radial side of the knuckle The extensor indicis proprius may be
transferred to the radial side of the index finger and the extensor
digitz quint: propnius can be used for the fifth finger In this way
the ulnar deviation may be corrected

If a flexion deformity of the wrst has occurred an arthrodesis
of the wnst placed 1n a position of function 1s the procedure of
choice 4+

Hypertrophic arthntis may produce tenderness and swelling
in the interphalangeal jomnts X ray will reveal bony spurs and
osteophytes around the joint margins Herberdens nodes are
hyperirophic deformuities seen on the dorsum of the terminal
phalanges. As the discase progresses there may be destruction of
jomnt cartilage eburnation of articular surfaces and dislocation

True ankyloss does not occur 1n this disease which causes few
symptams.
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Muscle fibers were found to be shrunken and broken up 1nto
small elements Many others were replaced by fatty and fibrous
connective tissue The blood vessels showed a thickening of the
walls with collagen and peri-or para adventitial round<ell mn
filtrauon At the same time changes 1n the collagenous tissues
were observed with swelling of the ground substance and fibrin
oid changes in the connective ussue These changes involved the
extensor mechanism subcutaneous tissue joint capsule connective
tissue septa and the ntrinsic muscles.

There are many reasons given for the ulnar deviation of the
fingers but 1t would appear to be due to several forces such as
wasting of interosser and lumbrical muscles and the loss of stability
m the metacarpophalangeal jo:nts In addition the proximal
mterphalangeal joints usually demonstrate imitation of motion
50 that the patient cannot oppose the fingerup to the thumb up
Asa consequence when the panient tres to grasp an object with his
fingers, he opposes his thumb against the proxamal nterphalan
geal joint. Thus pressure together with the previously mentioned
laxity of the metacarpophalangeal joints eventually will lead to
the thumb pushing the fingers 1 an ulnar direction

Absorption of the bone near the joints may become so severe
1n rare cases that the finger and wrist are shortened and the skin
wrinkled and thrown into folds giving the impression that the
phalanges have retracted nto each other like an opera glass. At
this stage of the disease instead of limitation of motion there 13
abnormal range of motion 1n all directions ¥

Rheumatord nodules may develop m the subcutancous fissues
over bony prominences near the joints and occasionally a nodular
polytendovaginitis can occur 4 Sometrmes the hands of such
patients are cold and there 1s evidence of poor blood supply
Leb 1! performed angiographic studies on arthritic pauents and
found 1n all cases that there 1s a relatively marked 1schemia of the
fingers as compared to the normal

It 1s beyond the scope of this book to discuss the treatment of
rheumatard arthrias by the usual methods of sphinting and sterod
therapy In later stages of the dusease when the mnflammatory
process has essentrally burned out there may be a place for surgery
in restoning function to these crippled hands



Ceneral Diseases and Occupational Stigmata 215

and changes were found in the vanous bones of the wrist be
heved to be due to continued hard labor 3!

I8
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OCCUPATIONAL STIGMATA

Besides revealing much of a patients medical history the
hand will portray an occupation or hobby Numerous treatses
have been written on this subject so that only a few examples
will be mentioned

The hand 13 exposed to various mechamcal physical chemical
and biologacal agents 1n the counse of work or play which Tesult
m calluses scars burns, stans tattoos sheletal and tendon de
formiues depending upon the occupation Schwartz et al** hst
the occupauonal stigmata from physical and mechanical causes in
over fifty occupations Typical examples are calluses appearing on
the palmar and ulnar surface of the Iittle finger 1n bakers on the
thumbs of basket makers on the thumbs and fingers of patients
using shears on the fingerups of typesetters Thickening of the
skin may appear on the fingertips of harp players on the nght
mdex fingers of yarn winders in the web space between the
thumb and fourth finger 1n cotton mall doffers and on the finger
tips of violmists Tenosynovitis crepitans 1s observed on the wrists
of people using a conunuous movement such as cane cutters
gardeners and stenographers Tenosynovius of the long extensor
of the thumb may be seen tn drummers The blue black tattooing
of coal minenn hands 1s an example of pigmentation produced
by particles dnven beneath the skin

Other examples of occupational sugmata appear 1n the recent
Iiterature  Fernandez,** and Robertson 47 discuss what scems to
be a bursa on the dorsum of the middle or terminal phalanx of
the middle hinger due to constant percussion n pcrim-mmg
examinations Waxman and Geshelm ** describe ten cases of
Boxers Bursitis over the metacarpophalangeal jomts of profes-
sional boxers Due to the constant hilling of rabbits by hyper
extending the neck of the rabbit between the thumb and ndex
finger a weakness of the collateral ligament on the ulnar side
occurred 1n twenty four gamekeepers* A smilar weakness of
the radial collateral higament of the proximal interphalangeal
jomnt of the ndex fingers of plant potters has been reported
The hands of fifty people who worked with compressed air
guns and of sixty who did hard physical work were examined
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(Fig 96) with httle matns to 0 Almost accllular one with much
collagen (Fig 97) The cellulr pattern may so resemble a fibroma
that the discase has been classitied as a neoplasm ** 1 ymphocytic
nfiltration and mncreased vascularity may be scen which has been
interpreted by some as inflammatory and others as traumatic*"!

The plantar fascia 1s involved 1n approximately 3 per cent of
patents with Dupuytrens discase 1212 knuckle pads over the
prosamal nterphalangeal joints exhubiting a simlar hustologic
pattern may be seen 1n approximately 10 per cent of cases 1 Rarely
1t may be assoctated with Peyrome s discase 12 1°

The cuology of Dupuytren s contracture 1s sull in dispute An
inherited disposition has been demonstrated in as Jugh as 40 per
cent of some series 1 172 Long farnily histones and the occurrence
1 1dentical twins give further emphasis to this factor Graubard #
found the blood factor Rl, Rh, present 1n all cases that he studied

Repeated trauma 1s another factor to be seriously considered
even though the disease occurs as often 1n non laborers as n
laborers Several series demonstrate a very lugh inadence among
certain occupations  brewery workers? textule workers® and
telephone cable repairers ® Graubard @ found seventy-six cases
m which Dupuytren s contracture developed after palmar lacera
tion and 1n forty nine x rays revealed metallic foreign bodies
near the fourth metacarpal bone

Rheumatic diathests has been implicated by some imestt
gators 1°-¢ However careful study of 1ts incdence reveals no
increase 1n patients with arthritis 4

The occasional assoctation of this disease with neurologic dis-
orders such as epilepsy and herpes zoster has imphcated this
system ' 324 Scholz # found a compression of single or multiple
ntenertebral foramwna between C5 and C6 n 87 per cent of
seventy cases and behieves tlus compression produces a sympathetic
nenous system cisturbance A sympathetic reflex has been de
scribed to explain the occurrence of Dupuytren s contracture with
myocardial infarction ™ However no increased incidence has
been found among epileptics or coronary disease patients *

Hmes® reports Dupuytrens contracture with Raynaud s
phienamenon following 1somand therapy Paletta! finds a de
creased vasomotor reactiaty 1n fifteen cases of Dupuytren s con



CHAPTER 13
FIBROUS HYPERPLASIA

Thcrc are many hand conditions which have a basic pathologic
pattern of fibrous tissue hyperplasia Although trauma may play
a role 1n their development, they can occur n 1ts absence There
fore they are placed 1n this chapter to emphasize that their basic
nature 15 unknown

DUPUYTREN'S CONTRACTURE

Sir Astley Cooper (1822) described this contracture and advised
a subcutancous division of the contracting bands However 1t
remamed for Dupuytren (1832) to clearly demonstrate that the
process was localized to the palmar fascia and not to tendons
Since then much progress has been made 1n 1ts treatment but
relatively little 1n 1ts etrology or pathogenesis

Athough this contracture 1s present 1n approximately 2 per cent
of the population 1ndividual sertes range up to 47 per cent.'?
It usually appears after the age of forty but may appear at any age-
Although 1t 1s generally recognized that males are effected most
recent wnvestigation casts doubt on such an impression In a study
of 2 705 patients 1n vanous Toronto hospitals an equal nadence
was found n both sexes 1n all age groups.t

The prominent histologic pattern 15 a fibroplasia of the pre
tendinous bands of the palmar fascra Tlus process may extend
nto the overlying shin and adjacent fatty tissue and proceed along
the palmar fascia septa to the interosseous fasaia and the super
fical and deep fascia of the fingers The involvement of the
attachment to the proximal phalanx may produce an exostosis
on the proximal phalanx *¢ The usual pathways of nerves and
vessels are grossly distorted and offer a challenge to successful
surgery The process varies from a cellular fibroblasuc tssue

[218]



Fibrous Hyperplasta 221

trcture which mdicates that more crculatory studies should be
dore sirce the only defintte factor i all series of this disease 1s
the reluonship o 1ge

Dupuytren s disese 15 reported to be higher among tuberculons
patents than others* It s been discovered 1n 17 per cent of
chrotie alcoliolics with cirrhosis and 1 27 per cent without cirrh
osis? However thus was a selected population and there was no
correction for age

The climcal picture develops at varying speeds Some never
progTess n twenty to thirty years while some proceed to 2 severe
stage m a year The discase begins as a nodule 1n the palmar fascia
just above the base of a finger The shin may become nvolved
and be puckered As it extends wto the proximal phalanx it
produces a flexion deformity of the metacarpophalangeal and
prosimal nterphalangeal joints (Fig 98) The fourth finger
15 most commonly mvolied folloned by the fifth third second
and thumb (Fig 99) Conway !* studied several senes and found
the following distnbution nng finger 1550 cases fifth DLinger
1299 fourth 570 index 135 and thumb 79

There are several classifications of the disease but Shaw s -
appears to be as satisfactory as any

Stage 1 A nodule 1n the palmar fascia not yet including the

skin or a nodule m the skin with no change 1n the
fascia,

Stage 2 A nodule in the fascia mnvolving the skin

Stage 3 Same plus a flexion contraction of one or more of

the fingers

Stage 4 Same plus tendon and jomnt contracture

The disease may progress to permanent flexion deformities
of the fingers with irreversible changes in the metacarpophalangeal
and proxumal interphalangeal joints About half the cases are
bilateral and of the remainder the right 1s twice as frequently
myolhved as the left.

Surgery 13 the treatment of choice but some forms of medical
treatment have been tried Finney® used radium and found
that 75 per cent of cases 1mproved and 1n no case was the condition
aggravated For severe disease he gives a total dose of $000r to
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macture wlidh mdicites that more enteulatory studies should be
dot e su ce the only defimte Fctor m 11l series of this diserse 1s
the relnonship to e
Dupuytren s discase v 1eported to be Iugher among tuberculous
patients than others ¢ It h1s been discovered m 17 per cent of
chrontc alcoholics with airthosis and 1 27 per cent without arrh
osis3 However this was 1 sclected population and there wis no
correctton for age
The chmeal picture develops at varying speeds Some never
progress 1 twenty to thirty years while some proceed to a severe
stage 1n a year The disease begins as a nodule m the palmar fascra
just above the base of a finger The shm may become mvolved
and be puchered As it extends mto the provimal phalans 1t
produces a flexion deformity of the metacarpophalangeal and
prouamal interphalangeal jomms (Fig 98) The founth finger
15 most commonly mvolied followed by the fifth third sccond
and thumb (Fig 99) Conway ' studied several series and found
the followng distnbution ning finger 1550 cases fifth finger
1299 fourth 570 dex 135 and thumb 79
There are several classifications of the disease but Shaw s32
appears to be as sausfactory as any
Stage 1 A nedule 1n the palmar fascia not yet including the
skin or a nodule 1n the skin with no change in the
fascra
Stage 2 A nodule n the fascia involving the skin
Stage 3 Same plus a flexion contraction of one or more of
the fingers
Stage 4 Same plus tendon and joint contracture
The disease may progress to permanent flexion deformities
of the fingers with 1rreversible changes 1n the metacarpophalangeal
and proximal nterphalangeal jomnts About half the cases are
bilateral and of the remainder the right 15 twice as frequently
imolved as the left
Surgery 15 the treatment of choice but some forms of medical
1t 75 pe e of s o8 s 1 e
amgravned Tor e proved and 1n no case was the condition
¢ disease he gives a total dose of 8000r to
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Figure 98 (Top) Dupuvtrens contracture imolving fourth and fifth
fingers. Puckering of skin over fascia bands 1 evident

Figure 99 (Bottom) Dupustren s contracture involving thumb.
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the slan The author cannot help but feel that radiodermatitis
with the ever constant thret of crcimoma may be a compheition
of such treatment

Vitamin I treatment has been used with varying stccess 10133439
Howerver other authors found no cffect 3 4 This 15 an interesting
phenomenon and ccrtanly deserves more study It may hue to
do with the cellulanty of the process since 1t 1s difficult to imagine
how mature collagen can be affected by Vitumn E The usual
daily dose 15 200 mg of tocopherols which 15 maintained for
several months

Cortisone has been used 443 It has hmited value in the primary
treatment but appears to play a beneficial role in postoperatine
mobilization either through its effect on contracted jomnts or
postoperatn e fibrosis.

The most successful method of treatinent 15 total extirpation
of the palmar fascia Although some authonties advise this opera
tion 1n early stages 1t 13 probably best to postpone surgery until
1t 15 evident that the disease 15 flexing a finger In order to permnit
meticulous dissection a bloodless field and either general anes-
thesia or brachial plexus block are mandatory Soderberg+* sull
advises local anesthesia but there 13 little support clsewhere tor
this 1dea.

Although many inasions have been suggested for the fasc
ectomy *** a very useful procedure combines a transverse distal
palmar one with a proximal curvilinear one (Fig 100A) The
proximal fasciz 16 excised through an nasion curnving around
the thenar crease (Fig 100B) Usually the remainder of the dis-
section can be carried out through a tranverse mncision over the
metacarpal heads (Fig 100C) The finger extensions offer the
most problem  Longitudinal or transverse flaps md lateral
bayonet and obhique masions (Fig 100D) can be used depending
upon the crcumstances  If the shin 15 markedly contracted
a Z plasty 1s useful

The skin 13 carefully dissected off the underlying fascia and
if 1t 15 severely diseased 1t should be excused and a full thickness
skin graft applied at the end of the procedure. Bruner ** advises
a dorsal flap 1n such situations A dorsal flap 1 planned one side
of which 1s the ulnar side of the defect This flap 13 shifted 1nto
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Figure 98 (Top) Dupuvtrens contracture imoling fourth and fifth
fingers. Puckering of skan over fascia bands 1 cvident

Figure 99 (Bottom) Dupuvtren s contracture involving thumb
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The palmar fascia 18 dissected anay taking carc to inchude the
septa passing ongside the tendons down to the deep Tt The
fasca on the imohed proximal phalanx s sumilarly removed
Sice the artenes and nenes are often pulled far from thewr
normal position by the discase procesy their preservation s
difficult and requires carclul meticulons disscction

The tourmquet 15 remotred and hemostasts obhained foltowmng
which the skin manons are closed A firm pressure dressing 1
applied with the hand mn the position of function This 1s left
1n place seven to ten days before actine motion 1s begun To pre
vent postoperatine hematoma or edema Tanzer *' uses a com
pression suture as lollows

“Before the skin snasions are closed a mattress suture of
No 3.0 silk double armed on straight needles and incorporating
a button 1s passed directly through the hand at two points, The
fint needle penetrates the shin between the second and third
metacarpal bones passes under direct vision to one side of the
neurovascular bundle and pierces the mtermetacarpal space at
a level far enough distalward to avoid the deep volar arch and
ulnar nerie emerging through the dorsal shan The second needle
18 introduced 1n the same manner between the fourth and hifth
metacarpal bones After the wound closure 15 completed paching
15 carefully mtroduced beneath and around the stlk loap 10 the
palm and the button 1s drawn onto the packing by gathening up
on the dorsum of the hand the two suture ends which are threaded
through a second button and tied with moderate firmness over
FAUZE (O WANUAN SNug pressure

Postoperative cortisone may aid in mobilization of jounts
Parenzyme (1 cc. bid) for the day of operation and three
succeeding days and (1 c.c. daily) for three days may elimmate
edema. Postoperatsie X Tay has been advised but 1s of dubious
valyge 142

Amputation of a digit 1s done 1f there are severe joint changes
with subluxation # This 1s particularly true n the older patient
when the prolonged postoperatiye mmmobility may affect motion
of the unimvolved fingers However the patients occupation
must be considered since a patent may hare a2 more functional
hand with a hooked little finger than without any finger
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place and the resulting dorsal defect covered with a splht thick
ness graft. Skinner® uses a tunnel graft m such instances If
amputation of a digat 1s planned because of severe jomt disease
the bone can be removed from the finger and the skin of the
digit used as a flap graft to cover a possible palmar defect

Figure 100 Exason of palmar fasqa. (A) Diagram of 4 useful series of
inasions (B) Dissection of proximal portion of palmar fasaa through thenar
incision (C) Dhssection of central and distal portion of palmar fasaz through
transvense inasion 2long palmar crease Septa should be exased down to deep
jnterosscous fascla Nerves and aneries which are lying in dutorted posiuons
should be meticulously avorded (D) Dmsection of phalangeal extension of
diseased fascra through curvilinear incisfon
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STENOSING TENDOVACINITIS

Tius disease 15 m milmmatory condition of the fibrous tendon
sheaths The unolied sheath becomes thickened from fibroplasia
and adhestons may develop on the mternal surface The mvolved
tendons become thinned out at the pomts of constriction and
proximal to thus area they m1y be bulbous Microscoptcally
there 1s marked hibrosss with a scattered collectsion of lymphocytes
(Fig 101) At umes the fibrosis proceeds to such a degree that the
connectine tissue 18 hyatimzed and occastonally cells resembling
cartilage can be seen ®

Lapidus and Fenton * reviewed 428 cases and found the follow
g distribution of tendon sheaths

No of %ol

Tendon Sheath Sheaths Total

Sheath of the abductor pollicis Jongus

and extensor pollias brevis 165 390
Sheath of flexor pollias Jongus 135 519
Flexor sheath of 2nd finger 4 10
Flexor sheath of 3rd finger 44 104
Flexor sheath ol 4th finger 46 109
Flexor sheath of 5th finger 16 38
Sheath of extensor pollicis longus 6 14
Sheath of extensor carpi radialis longus 2 0.5
Sheath of extensor carpr radialis brevis 2 05
Sheath of flexor carpr radialis 1 0.2
Sheath of extensor to 2nd finger 1 [1}4
Sheath of extensor to 5th finger 1 0.2

As an be seen the sheaths of the abductor pollicis and flexor
tendons are 1n the majonty However other authors have Teported
on unusual locations such as the extensor pollicis brevis alone
the flexor carpr radialis the extensor carpi radsalis the six dorsal
compartments of the wrist as well as i the flexor carpt radiahs
and 1n the tendons of the foot and ankle t0-42

The disease usually occurs between the ages of thirty and sixty
although there are numerous cases reported 1n children 770 Tt
has been found n 75 per cent of females and 25 per cent of
males The cause of the disease 13 unknown but 1t appears to
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An occasional hopelessly contracted and subluxed finger may
be salvaged by the Hutchinson procedure After the aponeurosis
has been excised the base of the proximal phalanx 1s removed and
the extensor tendon shortened.

Subcutaneous tenotomy under local anesthema stull has ad
herents but the danger of nerve and artery damage contradicts
1ts general acceptance except as a preparatory procedure to excsion
when the 1nvolved fingers press into the palm and mterfere with
the operation * 8

Limited excision 15 of value in the elderly pauent when the
radical operation might produce marked ltmitation of motion 1n
the entire hand * Longitudinal or serpentine incsions are utilized

‘The results of radical excision are quite good and the recurrence
rate 13 low However the hand may lose as much as 2o per cent of

1ts gripping power ®7
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Figure 101 Stenoung tendovaginitis. Microscopic section showing few

fibroblasts and much collagen  (170x)
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STENOSING TENDOV AGINITIS

Tlns discase 15 an milammatory condition of the fibrous tendon
sheaths The mvolved sheath becomes thickened from fibropiana
and adhestons may dexclop on the mtemal surface The molhed
tendors become thinned out at the pomts of constriction and
proamal to this area they wnay be bulbous Microscopically
there 1s marked Iibrosts with a scattered collecuion of lymphocytes
(Fig 101) At umes the fibrosis proceeds to such a degree that the
connectine tisuc 1s hyalimized and occastonally cells resembling
cartilage can be seen

Laptdus and Fenton »° reviewed 423 cases and found the follow
g distributton of tendon sheaths

\o of <o of

0

Tendon Sheath Sheaths Total
sheath of the abductor pollics longus
and extensor pollicis brevis 160 390
Sheath of flexor pollicis longus 135 319
Flexor sheath of 2nd finger -+ 10
Flexor sheath of 3rd finger 44 104
Flexor sheath of 4th finger 416 109
Flesor sheath of 5th finger 16 38
Sheath of extensor polhias Jongus 6 14
Sheath of extensor carpi radialis longus 2 05
Sheath of extensor carpi radialss breis 2 05
Sheath of flexor carpt radialis 1 02
Sheath of extensor to 2nd finger 1 02
Sheath ol extensor to 5th finger 1 02

As can be seen the sheaths of the abductor polliais and flexor
tendons are 1n the majonity Howeser other authors have reported
on unusual locations such as the estensor pollicis brevis alone
the flevor carpi radialis the extensor catpi radialis the six dorsal
compartments of the wrist as well as 1n the flexor carps radalis
and 1n the tendons of the foor and anlle roes

The disease usually occurs between the ages of thirty and sty
although there are numerous cases reported mn children &7 [t
has been found 1n 75 per cent of females and 25 per cent of
males The cause of the disease 1s unknown but 1t appears to
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be an inflammation occurming from repeated mouon in aging
fibrous ussue Almost every case presents some occupatonal
motion The conditton 1s more prone to develop ;n a new
worker unaccustomed to the job an old worker out of traiming
returmng to his task after a period of idleness or a worker who
1s asked to speed up output to meet 2 new production quota.
Of mnterest 1n this connection 1s Sperling s ™ atternpt to produce
the disease 1n himself by flexing the hittle finger of lus mght
hand 9 000 tumes over a period of seventy two hours He developed
jerky movements and palpable thickenings on the terminal and
proximal phalanges Two months later the tendons could sull
be felt to jerk and snap He did the same with the extensor pollicis
longus and abductor pollicis longus tendons He came to the
conclusion that numerous small movements may lead to the
condiion However from his descniption 1t would appear that
this was more apt to be a traumatic tendinitis than a tendovaginits.
Three cases have been reported wherein the trauma appears to
be exposure to high temperature ™ It 15 obvious that all cases are
not occupational since the disease occurs in infants

When the flexor tendons of the fingers are affected the disease
1s known as trigger finger or trnigger thumb At first there 15 pam
on movement of the fingers and eventually a snappmng may be
felt and heard as the finger 15 extended and flexed. If the disease
continues the finger may be locked 1n flexion or extension Asso-
aated with this there will be tenderness over the metacarpal head
of the mvolved finger at the site of the discase process and a
bulbous enlargement of the tendon may be felt

It 13 well to remember that other disease processes may produce
loched fingers Langenskiold ™ reports several cases of habitual
locking of the metacarpophalangeal joint of a finger when the
collateral ligament 1s caught 1n the groove over the capitulum
of the second metacarpal bone Burman ™ reports a flexion con
tracture of the proximal jomnt of a finger due to a tear of the
third lumbrical muscle The distal portion of the muscle had
locked the tendon against the digrtal sheath by fibrous tissue

Treatment consists of ncrsion of the constricung area of the
tendon sheath through a small transierse skin inasion over the
head of the metacarpal
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Stenosing tendovaginitis of the tendon sheath of the aixluctor
polhicis longus nd the extensor pollicss brevis was first dlearly
recognized by De Quervan (1895)  In thns process m addinonnl
cuological agent 15 supposed to b the presence of accessory ten
dons n the tendon sheath However tlns 15 such 1 common
anomaly that 1t 15 doubnful af at phys 1 sigmfiemt 1ote The
disease 1s manifested by pam md tenderness over the stylod pro-
cess of the radius Motion of the thumb produces pun particularly
on flexion When the thumb s held flexed wihin the fiwt d the
hand ulnarly deviated there 1s marked pam i the imvolved site
There may be swelling and erythema over the involved tendons
Snapping or locking 1s never seun n this disease

Standard treatment 1s incision of the constricted tendon sheath
throughout 1ts enurre length (Fig 102) It 1s well to remember that
the extensor pollicis brevis may pass through a separite fibrous
tunnel and 1f 1t 1s imvolved 1n the process 1t should similarly be
mncised Recurrences have occurred when this 1s overlooked  The

a

Figure 102. Opcration for De Quervalns disease (A) Indsion aver ab-

ductor pollias longus and extensor

pollids brevis tendon sh
duon of discased tendon sheath th n theaths  (B) In

roughout {ts entire length.



230 The Hand Its Anatomy and Diseases

sheath may be nased through a transverse 1ncision 1 one of the
dorsal wrnist creases over the mmvolved area. The only difficulty
with this mcsion 1s the occasional occurrence of a traumatc
amputation neuroma To obviate this a longitudinal mason
may be used ™

Occasionally a cure results from three or four weeks of xmmobil
aton 1 a plaster-of Panis cast. However the author has scen
one case where this prolonged treatment resulted m such dense
adhesions of the extensor tendon in the groove that motion of
the thumb was markedly interfered with even after surgery

X ray treatment of the lesion has been advised and recently
there has been some interest in cortisone mjections ™47 After
observing twenty cases treated by hydrocortone injections 1t 1s
my belief that this may be tned once or twice If repeated and
prolonged trials are necessary however the contunued mmmobility
may result 1n hmitauon of thumb and wrnist motton

TRAUMATIC TENDINITIS

Prolonged usage of a tendon which shdes through a narrow
groove may result i an inflammation of the involved tendon
This becomes painful on use and may exibit snappmg and
crepiaton A common site for this s the tendons of the extensor
carp: radralis brevis and longus Treatment consists of 1mmobil
wration for three to four weehs

4 vanant of this condition consists of an inflammation at the
mnsertion of a tendon 1nto bone which may be associated with
calaific deposits Such calcific tendinttis or peritendinitis calcarea
has been the subject of numerous case reports 7% The disease has
become so well known that 100 consecutine cases of this syndrome
has been reported ~ The most common tendon mvolved 15 the
nsertion of the carpt ulnans but 1t may affect any tendon in the
hand including the tendons of the mterosseous muscles

The chinical pattern 15 a sudden acute pamn in the mvolved
area wlich increases in seventy and 1s often assoctated with
swelling and erythema The molsed part 1s held in a position of
physiologic rest and usually one finds poignant tenderness over
the tendinous 1nsertion X ray will demonstrate the calerfic deposit

(Fig 103)
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In Carroll s seres the nerge age 1s forty five with the largest
number occurnng {rom turty to sinty Thus this process may
be sinular to stenosing tendovaguuts 1¢ 1 wear nd tear phen
omenon on aging fibrous tissue These cases were treated by local
mjecuon with one per cent procunc and warm water soaks
Occasionally these authors have been forced to operate on the
calerum deposit and found the pain to subside within twenty four
hours. The average time for relief of pamn i most cases was mine
days and the average tume of disappearance of the calaum de
posits was approximately fourteen days although m many 1t lasted
three or four months.

Figure 103 Calafic deposit over volar surface of meta hala
Qarpo ngeal
Jomnt of thumb assoclated with exquisite tenderness and lwellingp
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sheath may be mased through a transverse mcision m one of the
dorsal wrist creases over the imolved area The only difficulty
with this mncasion 1s the occasional occurrence of a traumatic
amputation neuroma. To obwviate this a longitudinal macsion
may be used®

Occasionally a cure results from three or four weeks of immobil
1zation 1n a plaster-of Paris cast However the author has seen
one case where this prolonged treatment resulted mn such dense
adhesions of the extensor tendon i the groove that motion of
the thumb was markedly interfered with even after surgery

X ray treatment of the lesion has been advised and recently
there has been some nterest 1n cortisone njections ™™ After
observing twenty cases treated by hydrocortone injections 1t 13
my belief that this may be tnied once or twice If repeated and
prolonged trials are necessary however the continued immobility
may result in limitation of thumb and wrist motion

TRAUMATIC TENDINITIS

Prolonged usage of a tendon which shides through a narrow
groove may result 1n an inflammation of the wnvolved tendom.
This becomes pamnful on use and may exhibit snapping and
crepitation A common site for this 1s the tendons of the extensor
carpt radialis brevis and longus Treatment consists of 1mmobil
1zaton for three to four weeks

A vanant of this condition consists of an inflammation at the
msertion of a tendon into bone which may be assocated with
alafic deposits Such calesfic tendimtis or pentendimiss calcarea
has been the subject of numerous case reports ™ % The disease has
become so well known that 100 consecutive cases of this syndrome
has been reported ¥ The most common tendon nvolved 1s the
msertion of the carpi ulnans but 1t may affect any tendon 1n the
hand including the tendons of the mterosseous muscles

The chinical pattern 1s a sudden acute pamn m the mmolied
area which 1ncreases 1n sevenity and 1s often associated with
swelling and erythema The mmolied part 1s held 1 a position of
physiologic rest and usually one finds poignant tenderness over
the tendinous insertion X ray will demonstrate the aalafic deposit

(Fig 103)
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CHAPTER 14
TUMORS

SKRIN

prdzrmmd or implantation cysts commonly appear in lahorers
and are found on the palmar aspect of the hand or fingers con
fining themselves solely to the shin (Figs 104 and 105) The con
sensus of opmion 1s that they are due to implantation of surface
cpithelium mnto the deeper layers of the shin by trauma Micro-
scopic section of the walls of these cysts demonstrate fibrous
ussue with an mner layer of squamous epithelium which may
show laminated keraun (Fig 106) No sebaceous matenal 1s
present  Treatment 1s complete surgical exasion (Fig 107)

Epidermaid cysts occasionally may involve bone in which case
x ray examination will show an area of osteolysis in the involved
bone usually the terminal phalanx of the finger The cortex will
be expanded and thinned but there 15 no evidence of penosteal
proliferauon Treatment 1s excision of the involved bone Curet
tage may cure a small cyst ™

Sebaceous cysts may occur on the dorsum of the hand or fingers
Treatment 1s surgical excision by means of an elliptical inciston
over the imolied part after which the cyst 15 exased without
spillage of sebaceous matenal The entire cyst 1s excsed smce
a remnant may produce recurrence

Mucous cysts are myxomatous lesions believed to be due to
mucoid degeneration of the dermis They are found on the dorsal
aspect of the fingers ncar the distal interphalangeal jomnt the
long finger being most commonly mvolved (Figs 108-109) The
great majority occur in women These cysts appear as translucent
painless nodules some of which may be multiple The process
begins as a mucoid change 1n the dermis and as 1t continues the
cells become widely separated from each other with the center
becoming fluid Wit further progress the amount of Tecogmz

[°57]
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radiation Other factors may he exposure to 1 carcinogenic agent
such as coal tar and o1l denivatives or nternil arsemcal treat
ment It al o may occur m burn scars or at the site of chromic
infections such as astcomyelitis

Invasion of the underlymng tissues by this tumor as impeded
by the supratendinous liyer of fascia and fixation of this struc
ture may be mfammatory rather than ncoplasic However in
time 1t will cross this barrier mvading underlying muscles
nenes, bones and tendons The most frequent metastasis 1s the
axillary lymph node group but occasionally the epitrochlear
nodes are imolved Johnson and Ackerman ® studied the factors
nfluencing metastasts and believe that the most important single
factor 1s the depth of invasion of the skin They have not had
metastasis unless the carcinoma extends below the level of the
sueat glands Other factors such as size of the tumor and listologic
differentiation may be of influence

Treatment consists of wide excision with skin grafung of the
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Figure 106 Implantation cyst Microsco,
pic section showing wall of fibro
tinue and straufled squamous epithelium  (100x) ® e
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able mucoid tissue disappears so that i well developed cysts
there 13 a clearly defined wall hined by modified connective tissue
mn contact with the fluud matenal of the cyst *$ The recurrence
rate 15 high unless a wide margin of skin 1s removed around the
leston with the resulting defect covered by a sphit thickness skin
graft. Regression of these cysts with x ray treatment has been
reported T*

Squamous carcinoma occurs most commonly on the dorsum
of the hands of patients mn the age group of seventy or older
(Fig 110) Causative factors are excessive exposure to sun and

Lo~

Figure 104 (Top) Implantation cyst on palm.
Figure 103 (Bottom) Implantauon cyst on finger
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radrauion Other factors may lxe exposure to 1 cirainogenic agent
such as coal tar and o1l dernatives or mterml arsenical treat
ment It also may occur m burn scars or 1t the site of chromie
mfections such as ostecomycelitis

Invasion of the underlying tissues by this tumor 15 impeded
by the supratendmous layer of fascra and fixaton of tns struc
ture may be mfAammatory rather than neoplastic However n
ume 1t will cross this barrier vading underlying muscles
nenes, bones and tendons The most frequent mctastasts 13 the
axillary Jymph node group but occasiomilly the cpitrochlear
nodes are molied Johnson and Ackerman ® studied the factors
fluencing metastasis and believe that the most important single
factor 1s the depth of mnvaston of the skin They have nat had
metastasts unless the caranoma extends below the level of the
sweat glands Other factors such as size of the tumor and histologic
differentiation may be of influence

Treatment consists of wide exctsion with shin grafting of the
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Frgure 107 (Top) Excision ol mmplantaton cpt.

Figure 108 (Bottom) \lucows (st on dorsum of distal phalanx of middle
finger (Courtasy Dr John Crandon.)
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Figure 109 (Top) Mucous cyst on dorsum of middle phalanx of nng finger
Figure 110 (Bottom) Squamous carcinoma on dorsum of hand
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resultant defect Amputation 1s performed only if there 1 1n
volvement of underlying structures Prophylactic axallary dissec
uon 1s of no value but radical axllary dussection 15 done when
nodes can be palpated Using this method of treatment, a 98
per cent survival rate was found 1n 136 cases where lymph glands
were not mvolved and a 66 per cent survival rate when positiie
nodes were present.’®

Basal caranomas rarely appear on the hand Only eighteen
basal cell lesions on the upper extremity are reported as com
pared to 163 squamous carcinomas ** Of 237 cases of rodent ulcens
treated only two appeared on the hands!! Treatment consists
of exaision with skin grafung

Caraanoma of the nail bed may occur the majonty of which
are squamous with a few of basal cell onigin Because of the
close proxumity to bone 1t 1s more often 1nvolved by these lesions
than by the average carcinoma of the hand Treatment consists
of amputation of the finger with axillary dissectton performed
when the nodes are palpable,1%!*

Sweat gland adenomas occasionally occur on the hand as rubbery
one centrmeter growths wn the skin  Histologically they show
nests or cords of cells with clear or easinophilic cytoplasm with
well stained nucler (Fig 111) The cells may be arranged m
radial fashion Sometimes they may be malignant and must be
treated as other types of skin cancer (Fig 112) ¢

Melanomas are of debatable origin but most modern observers
agree that they arse from the junctional nevus 1 This 1s a hair
less, smooth flat toshightly rmised brown nevus which histo-
logically reveals neval cells in the basal layers of the epidermis
(Fig 118) The mntradermal nevus which represents the ordinary
mole and which may occasionally demonstrate hair shows the
nests and sheets of neval cells 1n the derrmis with no mplication
of the overlying epidernus (Fig 114) These tumors are not pre
malignant. An occasional nevus 15 compound demonstrating
both ntradermal and junctional changes

Nevi on the palmar surface as well as any which become
larger more pigmented or irntated with ulceratron and bleeding
should be excised as potential mahgnant lesions. They are ex
cised with a wide margin 1n order to prevent recurrences
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Melanomas ansing i the hand constitute about 1 10 5 per
cent of all melanomas occurring 1n the hody They may occur
in the subungual region giang rise to the so<called melanotic
whetlow which often 15 mistaken for a paronychua (Fig 115) The
palm and other areas of shin are less commonly 1nvolved

Lymphatic sprcad of these lestons 1s to the eptrochlcar and
axillary nodes and blood stream invasion 1s chicfly to the lnver
and lungs although any organ i the body may be mvolved

Treatment consusts of wide local excistion including underly
g fasaa with a margin of about six to eight centimeters around
the lesion This necessitates an amputation for a subungual
melanoma Four to six weeks later a radical axillary dissection
should be performed If the disease completely permeates the
lymphatics of the arm and asilla 1t may be necessary to do a
fore-quarter amputation ¢

In a study of 744 cases the over-all five year survival rate for
melanomas was 21 per cent.'® It 1s of interest that the palmar
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resultant defect. Amputation 1s performed only if there 18
volvement of underlying structures Prophylactic axllary dissec
tion 1s of no value but radical axsllary dissection 1s done when
nodes can be palpated. Using this method of treatment, a 93
per cent survival rate was found 1n 136 cases where lymph glands
were not wmnvolved and a 66 per cent survival rate when positive
nodes were present.??

Basal carainomas rarely appear on the hand Only eighteen
basal cell Iesions on the upper extremity are reported as com
pared to 163 squamous carcinomas !° Of 237 cases of rodent ulcers
treated, only two appeared on the hands * Treatment consists
of excision with skin grafung

Carcinoma of the nasl bed may occur the majority of which
are squamous with a few of basal cell ongin. Because of the
close proximity to bone 1t 1s more often involved by these lesions
than by the average carcinoma of the hand. Treatment consists
of amputation of the finger with axillary disection performed
when the nodes are palpable 1212

Sweat gland adenomas occasionally occur on the hand as rubbery
one centumeter growths in the skin Histologically they show
nests or cords of cells with clear or eosmophilic cytoplasm with
well stained nucler (Fig 111) The cells may be arranged 1n
radial fashion Sometimes they may be malignant and must be
treated as other types of skin cancer (Fig 112) ¢

Meclanomas are of debatable origin but most modern observers
agree that they anse from the junctional nevus.® This 1s 2 har
less smooth flat toshghtly raised brown nevus which histo-
logically reveals neval cells m the basal layers of the epiderms
(Fig 113) The intradermal nevus which represents the ordinary
mole and which may occasionally demonstrate hair shows the
nests and sheets of neval cells in the dermis wath no mmplication
of the overlying epidermis (Fig 114) These tumors are not pre-
malignant An occasional nevus 1s compound demonstrating
both ntradermal and junctional changes

Nevi on the palmar surface as well as any which become
larger more pigmented or rritated with ulceration and bleeding
should be excised as potential malignant lesions. They are ex
ased with a wide margin in order to prevent recurrences.
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tigure 113 (Top) Junctional nevus Neval cells can be scen In the bawml
layers of the epidermis. (100x)

Figure 114 (Bottom) Intradermal nevin. Neval cells confined to
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lesions had an 87 per cent survival rate of eleven cases and the
subungual lesions a 39 per cent survival 1n twenty four cases
With subungeal lesions the amputation of a digit gives a wider
excision than the usual exasion of a melanoma. In the palm
the lesions are rapidly brought to attention

1
. o, —
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A «
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Figure 112 Sweat gland carcinomz.

CONNECTIVE TISSUE

Fibromas may occur wn various locations on the hands (Fig
116) When they appear over palmar fascia they may be con
fused with Dupuytren s contracture Occasionally they are mul
uple 1 nature Twentytwo cases of symmemcal fibromas
locabzed over the metacarpal or interphalangeal joints have
been reported ¥ They are commonly found in females 1o the
age group of ten to forty Treatment 1s excision and they seldom
recur heasbey ? reported a fibroma which shows a marked
tendency to recurrence (Juvemle Aponeurouc Fibroma) This
occurs 1n the palm or soles of small children and tends to recur
after excision There 1s a histologic mmpression of cellulanty
and nvasiyeness

Fibrosarcomas rarely occur 1n the hand Fre hand fibrosar
comas have been found in a sertes of forty five cases’® These
behaved as all other fibrosarcomas with spread by Jocal invasion
and blood stream disseminauon Treatment 13 by wide radical

excision
Lspomas commeonly occur on the dorsum of the hand where
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Figure 116 (Top) Fibroma (100x)
Figure 117 (Bottom) Ganglion Microscopic section of fibrous wall (100x)
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they may be confused with tenosynovitis A rare type of Lipoma
occurs 1n the palm with approxumately twelve having been
reported to date ¥

JOINTS AND TENDON SHEATHS

Ganglions are common cystic tumors 1n the hand They are a
mucoid degeneration of the connective tissue of the joints
sumilar to adventitious bursas *' Their ettology 13 unknown but
trauma occasionally may play a role in their development His-
tologrcally they are composed of a fibrous connectrive tissue wall
with contents resembling soft jelly (Fig 117) They never be
come malignant. The most common locations are on the domsal
aspect of the wrist between the long extensor of the thumb and
the index finger n the anatomical snuff box at the base of the
thumb The volar ganghion may be seen between the tendons of

Figure 115 \elanotic whitlow or sub-ungual melanoma. (Courtesy
Dr John Crandon )
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the flexor carpr radialis and brachioradialis (Fig 118) In thus
particular location care must be taken to avoid damaging the
radial artery at the ume of surgery They also may be seen on
the fibrous sheaths of the long flexor tendons of the fingers and
occasionally on the dorsum of the interphalangeal joints Treat
ment 13 indicated when they cause pamn or are of such size a
to be cosmetically distasteful Although various treatments have
been advocated the best 1s surgical excision 1n a bloodless field.
A flange of jomnt capsule around the base of the tumor 1s excised
to prevent recurrences Surgical skin incisions should be trans-
verse but care must be taken particularly with dorsal ganghons
to avord damaging the sensory branches of the radial nerve.
Synoual sarcomas consist of two elements synovial and fibrous
tssue. The fibrous element appears as spindle shaped cells similar
to those seen 1n fibrosarcoma The synowial cells are arranged 1n
cords or sheets and may be cubotdal and columnar and line sl
like spaces (Fig 119) These cells secrete matenal which stams
with mucaicarmine They anse from jownts tendon sheaths or
bursa but seldom project into the synovial cavity Spread 1s by
local expansion and infiltration with eventual spread by the
blood stream to the lungs The regional lymph nodes are 1n

Figure 118 Ganglion on volar surface of wrist



o IR ENLE BN e
PR R R R AT Y
Iay 8 N ANG TR N N 52

R/

3 LTEAN T .

IR NNT Sy AR IR ©

4 Yol e St -
‘;'Q\: - sy .#Q.‘ AN ﬁ‘_\«f_ﬂ 2 h

N Y L Y. e RIS N

ft‘({:‘;}x’ ﬁf‘ f’:'str?" gljc;“‘if&;‘g\i‘u -\\:':',‘Ki".‘;‘
cd v -~ Y, 2,

Hﬁ'{?“r‘sgﬂ’r{’%"{\%\_‘kﬁl =T Eand SR

|t aa P MIR Y ~s

R T AT
M,l‘/,,ﬂ’,,u,:,s;‘f G ;hdu ‘{& T ,aﬁ\é‘“ y
RN S BN
7/'1/" AR T AN Jfr'hfi?a\’ AN ..\15) b ‘g
{;’lf"( TG AN LT j AR - A AR
RN ‘5,“ a6 1\. {; UK L'H(,{\ 2 0 J”'
iyt ﬁq.ﬂ,’«‘,‘. ,g:'é(‘ Hiy b ﬁu‘m. i (%3
P ’t%{lr}} oy N X { . 0

P

{:‘; J

M, } '

.
B
-

AT, i w}

L S R L
RN IR Y P
“l‘r\f:r‘aﬁ i ’f¢§;:"."r # s

* b
P
T, ¢ c}j I SR otat
W b IS ""
2 e\ ’ NIRRT MR
A “l)r.'f;"\:(\“i\‘; R ‘sll;?:‘\“",‘ 3‘4“.«'"}' LRI N ndp}

v - -y
S U AL SRRy MU
i 0 o .l N
'{"ﬂz Ii‘\‘c S ;}“'r::":vu. Ta'ntf
Figure 1190 (Top) Synoiial sarcoma Synorial cells lining shit like spaces
surrounded by fibroblastlc nsue  (100x)

Figure 120 (Bottom) Glant cell tumor of tendon sheath. Polygonal
basophilic cells embedded 1n counophilic stroma, (100x)
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Figure 121 (Top) Giant ecll 1umor of tendon sheath Characteristic glant
cells, (100x)

Figure 122. (Bottom) Giant cell tumor of tendon sheath Stroma resemr
bling cartilage (100x}
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volved 1n about 20 per cent of cases A review of the hterature
on this tumor revealed only four five year survivals among 149
cases 2 Approximately 5 per cent of such tumors occur on the
hand Treatment 13 by wide surgical excision

Guant cell tumors (xanthomas) are tumors which histologically
show an eosinophilic collagenous stroma in which 15 embedded
the charactenstic cell a polygonal cell with rather scanty baso-
plulic eytoplasm (Fig 120) It has a large nucleus in winch there
may be prominent nucleol The giant cell which gives this
tumor 1ts name, 1s s¢cn 1n varous numbers with nucler ranging
from four to fifty or sixty (Fig 121) The stroma may resemble
aarulage (Fig 122) Foam cells and hemosidenin pigment are
fairly constant features (Fig 123)

Sixty six of these tumors seen at the Boston City Hospital
from January 1945 to June 1956 were reviewed Filty-six
occurted 1n the hand and ten 1n other areas of the body three
from the knee three the forearm and four the ankle Forty three
(63 per cent) occurred 1n women and twenty three (27 per cent)

V2 SRS

Figure 128 Gunt cell tumor of tendon sheath Typleal foam cells. (100x)
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i men, Approximately 75 per cent occurred in the age group
of thirty to sixty nine

In thirty-one cases where accurate records were kept seventeen
occurred on the volar surface and fourteen on the dorsal surface
of the hand and fingers (Fig 124) The tumors occurred on the
nght hand in twenty three cases and the left 1n twenty-cight.
No record was kept of the remaining cases In only two cases
was the tumor situated on the volar surface of the palm and in
the remaining 1t occurred along the fingers Of hifry three cases
where accurate records were kept the thumb was involved six
times 1ndex finger seventeen muddle thirteen ming four fifth
thirteen The exact location along the finger was recorded m
thirty five cases and they were more frequent 1n the proximal
and dustal portions of the fingers with the middle portion being
relanively free  The distribution of these thirty five recorded
cases was metacarpophalangeal joint five, proximal phalanx
twelve proximal interphalangeal joint two middle phalanx two
distal mterphalangeal joint seven distal phalanx seven. These
tumors usually are one to two centimeters mn diameter they are
either cysuc or sohd and usually are fixed to the underlying

L X

Figure 124 Glant cell wmor of tendon sheath on dorml surface of prox
fmal interphalangeal jeint of index finger
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tissues but may be shghtly movable They are non tender and
only 20 per cent of the patients complamned of any associated
pan

In none of our cases did the tumors involve bone but occa
sionally this may happen Four cases out of forty three have been
reported where there was definite bone imoliement at opera
tion ™ However 1n seventeen where . rays were taken bone
changes were noted m eight

Treatment 1s by surgical excision and not by mere shelling out
of the tumor The recurrence rate is approximately 12 per cent.®
The reason for this 1s the occasional histologic invasion of the
capsule These tumors are practically always benign 1n the fingers
but an occasional malignant one with metastasis has been re
ported from other areas @

Although their exact nature 15 disputed Geschuckter and
Copeland *° are strongly of the opimon that these tumors arise
from areas where onc would expect sesamoid bones to develop
They believe that the tumors on the dorsal surface do not show
the characterisuc microscopic appearance of grant cell tumors
and are more properly fibrohemangiomas fibromas or gangha
Galloway et al* could find no difference 1n the histology be
tween the dorsal and volar lesions and in the present series
there was no histological characteristics which would differenuate
the dorsal lesions from the volar lesions

VESSELS

Glomus tumors anse from the glomus—a normal end organ
consising of an arteriovenous anastomosis contaming smooth
muscle cells and large clear cells Lnown as epithelioid or glomus
cells The glomus _controls artenorensus_circulation widun—the
ﬁngiand extremities and the temperature of the body These
organs”are distnbuted widely over the body The tumors con
sisung of small purplish red lesions and charactenzed by excru
ciatng pain occur most frequently inthe nail bed and fingertips
They occur less frequently on_the volar aspects_of_the_ first

second and third phalanges of the upper and lower extremitres.
The tumors usually are very small bemng a few millimeters 1n
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diameter and 1f not visible may be picked up by the pin
test.¥ However they have been reported up to three or four
cenumeters 1 diameter 2 Microscopically there are sheets of
epmw&wﬂmﬁg
125) Silver staining will demonstrate non myelinated neurofibnils

The subupgual glomus tumors the most common varety may
erode the bone of the underlying phalanx.*** In addition to
excruaating pamn which may radrate up the arm  there 1s often
evdence of increased perspiranion and vasomotor disturbance
n the involied extremry 34

Treatment 1s surgical excision and recurrences following sur
gery have not been reported.

Stout and Murray** report an unusual type of tumor called
a hemangiopenicytoma They performed ussue cultures of glomus
tumors and found that the pencyte a pericapillary cell common
to most veriebrates tas capable of passing over gradually
through transitional forms mnto smooth muscle fibers * They
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12, Glomus tumor Sheets of glomus cells clustered around endo-
thelial lined vessels. (170x)
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coundered the penicyte to be idenucal to the epithehod cell
of the glomus A sumilar hemangiopenicytoma occurred an - the
left palm of a forty nme year old man ¥

Colden et al** report the case of a tlurty-one year old Irahan
female who had a pamnful wnst of several years duration re
sulting from an immobile extremely tender three unlhmeter
leston on the dorsum of the nght wrnist  This tumor was re
moved and nucroscopic exanunation revealed it to be a vascular
letomyoma These authors behieve that tus may have onginated
mn the pericyte which 1s almost unnersatly distnbuted through
out the body and would account for such tumors and ussues
where normal glomus bodies are not found \ snular report
appears of a leiomyoma of the flexor tendons of the hand

Hemangiomas consist of several vanennes  capillary  (port
wine stun) venous (strawberry mark) and cavernous !’ The
latter may occasionally thrombose become organized and re
semble solid tumors (Fig 126) If the port wine stams are of
sufficient size they are removed by surgical exciston and sk
grafung \ ray treatment 1s particularly disappoinung and may
lead to a more serious deformuty of the shin than would otherwise
be encountered The other two types of hemangioma are also
better smited for encision and plastic repair

Figure 126. Firm, non tender movable mass
proved to be an organising thrombosed mm:‘;b:" of ning linger which
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diameter and 1if not visible may be picked up by the pm
test.¥ However they have been reported up to three or four
cenumeters 1 diameter ™ Microscopically there are sheets of

eprtheliod or glomus cells around endothehal lined vessels (Fig

125) Silver staiming will demonstrate non myelinated neurofibrils.
The subuggual glomus tumors the most common vanety may
erode the bone of the underlymng phalanx.*3* In addition to
excruciating pain which may radiate up the arm there 1s often
evidence of mncreased persprranion and vasomotor disturbance
1n the mvolved extremuty 3
Treatment 1s surgical excsion and recurrences following sur
gery have not been reported.
Stout and Murray ?* report an unusual type of tumor called
angiopenicytoma. They performed tissue cultures of glomus
tumors and found that the pencyte a pencapillary cell common
to most vertebrates was capable of passing over gradually
through transiuonal forms into smooth muscle fibers * They
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Figure 125 Glomus tumor Sheets of glomus cells clustered around endo-
thelfal lined vessels. (170x)
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darkens to a blwsh red hue In ume multuple ttmors occur 10
adjacent ares nd cventually coalesce as blush black plaques
Eventually lymphadenopathy occurs and the tumors appear in
the sub-mucasa of the gastromtesun) tract and lungs with death
resulung from progressne cachesia ntercurrent mnfection or
hemorthage Histologically the lesions Took like cavernous or
capillary hemangromas but gradually their structure becomes
indistinguishable from that of a fibrosarcoma Duce to repeated
hemorrhage there 1s stannng with old blood pigment In a series
of thirty-s1x cases of haposts sarcomn the upper extremity was
found to be mvolved n fourteen per cent ** The five year sunvnal
rate of patients free from disease was 19 per cent The disease
appears to occur most often i Jews and Italians and to have
ongnated m the countries of Eastern Europe such as Russia
Poland and Italy When the discase mvolves the extremities 1t
appears to do 30 1 a stocking or glove fashion with subsequent
extension to the trunk The average survival interval with treat
ment 1s approximately eight years ‘Treatment consists of surgical
excision unless the tumors are too extensne or there 1s edema
which 1indicates decp vessel mnolvement. These tumory are rela
uvely radiosensitive and wrradiation 1s the choice of therapy if
surgery cannot be done

Congenttal arteniovenous fistulas usually consist of muluple
tiny communications between the arteries and veins and are
mantiested by increased vascularity in the hand with an extensive
blood vessel pattern on the hand or forearm depending upon
where they he The immolved digit or extremity may be hyper
trophied ** The usual systermic signs of cardiac enlargement, 1n-
creased pulse rate decreased blood pressure and increased blood
volume are not seen However a typical thnll or murmur may
be heard 1n some cases The oxygen saturauon of blood 1n the
vemns of the imolved extrermity should be increased over that
of the normal imb Treatment of these fistulas 15 extremely diffi
cult and many surgical operations will be necessary A complete
cure 1s scldom obtaned Since many of these commumications
lie 1n bone bleeding may be profuse and occasionally resection
of a bone may be necessary to control the bleeding 47
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When these lesions occur 1n children there 18 great danger m
the use of xray since this may destroy the epiphyseal growth
Iines and lead to disturbed bone formation# In deep heman
giomas which mfiltrate all the ussues of the forearm and hand
surgery 1s extremely difficult and the recurrence rate 13 quite
Ingh Subsequent xray therapy may be used in these lesions
to control recurrences This procedure has been reversed 1n an
attempt to prevent amputauon of an arm because of a rapidly
growing artenial hemangioma #* This was first controlled with
external roentgen therapy and when the growth of the heman
giroma ceased, the covering of the entire arm was removed  Follow
ing this the arm was re surfaced to prevent radiodermatitis

The use of multiple suture obliteration 1s advocated m
some cases where chromic catgut sutures are placed through the
skin into the large channels Each suture 1s tied on the surface
and a pressure fixation dressing applied for several days This
1s done to collapse the dilated venous channels and to promote
obliteration by the inflammauon of the catgut. This 15 to be fol
lowed by surgical resection and repair

Occasionally such tumors may be so severe as to requure
amputation of an arm Hurwitt and Johnston ** report such a
severe case that an mtcrsmpulor_horacnc amputationt was necessary
Sometimes a hemangloma may be solated 1n an 1ndividual
muscle belly For instance Harrson ** reports the case of a four
teen year old girl with a flexion deformity of the ning finger
and swelling of the palm X rays demonstrated round calaum
deposits 1n the region of the mass At operation a lobulated red
dark tumor was found extending from the superfictal palmar
arch to the base of the ring finger mnfiltrating the tendon of the
flexor sublimis

Angiosarcomas consist of sohtary firm bully tumors situated
deep 1n the soft uissues infiltrating muscle fat and veins These
are very serious lestons and McCarthy and Pack #® find that 45
per cent develop lymph node metastasis and the five year curc
rate 1s only 9 per cent Radical exasion or amputation 1s the
only curative therapy for angiosarcomas of the extremitics

]\npo.n": sarcoma 1% an interesting tumor that ongnates in the
skin as a reddened macule which increases 1n size The color
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18 excasion of bone with replacement by a bone graft 1f necessary

Fibrous dysplasia 13 a discase of the bone giving rise to an
area of rarefaction with cxpansion of the bone and tlunmng of
the cortex Microscopic examiniuon Teveals connective ussuc
and scattered mulunuclear cells with hipord filled macrophages
The giant cells differ from those mn the gant cell tumor 1n that
the nucle: range from two to ten rather than 15 to 200 Although
1t usually occurs 1n the epiphyses of the long bones 1t has been
tepatted 1n the metacarpal ® Treatment 13 either by curretage
and packing with chips or by excision of bone and replacement
with a bone graft®

Eosinaphilic granulomas are bone lesions which rarely involve
the hand Lochr & reports a case of a twenty two year old male
who had three mvolved areas m the nght hand the distal
phalanx of the third finger the distal portion of the third meta
carpal and the distal portion of the radius

Osteord asteomas are bone lesions characterized by pain and
a definite x ray appearance consisung of a radiolucent central
mdus with surrounding osteosclerosis® Their true nature 1s
controversial since they have many of the elements of inflam
mation and neoplasm They can occur 1n the finger Carroll %
reported six cases of osteoid ostcoma wmn the hand and collected
twenty two from the literature They were all cured by surgical
excision Sevitt and Horn % report another case of a fifteen year
old girl where the lesion appeared in the distal phalanx of the
fifth finger

Osteogenic sarcoma 1s rarely scen 1n the hand Clark % re
viewed the literature and reported the sixth such tumor of the
phalanges

Enchondromas are the most common tumors of the hand A
review of thirty of these revealed twenty five 1n the phalanges
and fifteen i the metacarpals ¥ Pam was found to be present
m 26 per cent of the cases and was always associated with patho-
logic fracture The remamder of the patients wers hospitalized
because of swelling of the finger or roctacarpal bone Five of these
tumors were multiple X rays show a typical bone cyst with a small
rounded area of decreased density 1in the center of the bone
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BONES

Guant cell tumors of bone are rarely seen in the hand, but
when they are they may occur in the metacarpals A gant cell
tumor of the first metacarpal with marked expansion of the
bone and corucal destrucuon has been reported ¢ Daland #
describes such a tumor of the third metacarpal bone where the
shaft of the bone seems to project into the turnor mass with a
saucer shaped depression 1n the shaft proximal to the lesion
Rarely they occur 1n the phalanges (Fig 127) Usual treatment

Figure 127 Giant cell tumor middle phalanx ring finger
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by ampulauon An mteresting  casc of a chondrosarcoma was
seen tecently wluch apparently arose in 1 pre-exisung ccchon
droma that had been present for years before 1t started to grow
larger (Fig 129)

Pyogenic granulomas consist of fmable granulation ussue and
often resemble tumors (Fig 130) They occur at the site of
wounds and nasions Treatment 1s by excision or cautery

MISCELLANEOUS

Metastatic tumors which involve the hand are extremely rare
Bell and Mason ® reviewed the lhiterature and found detailed
case reports of only twelve such cases and added two of their own
The majonty derelop from caranoma of the lungs and rarely from
bladder caranoma chononephithelioma of the testicle and
miscellaneous tumors. These lesions are always osteolytic and 1t
1s of interest that they usually are diagnosed at first as a felon
or paronychia.

Neunlemomas are pnmary tumors of peripheral nenes

Figure 129 Chondrosarcoma arising from a pre-existing ecchondroma ot
the greater multangular bone
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The cortex 1s expanded and thinner than normal (Fig 128)
It often appears 1n the center of the shaft. Treatment consists
of subperiosteal exasion of the mvolved area

Ecchondroma or exostoses occur with equal frequency on the
phalanges and metacarpals at the insertion of a tendon usually
on the proximal side Xray will show the exostoses appeanng
at one end of a bone Treatment 1s by surgical excision

Chondrosarcomas are rare tumors 1 the hand. Of interest 1n
this connection 15 the recent distinction made by Coley and
Higinbotham * relatne to primary and secondary chondrosar
coma. They believe primary sarcomas develop without the inter
vention of a benign phase and are similar to osteogenic sarcomas
On the other hand, they find that there 13 a secondary chondro-
sarcoma which has arisen 1n a previous bemign lesion such as
an enchondroma or ecchondroma In a senes of these cases, these
authors report one of a metacarpal bone Secondary chondro-
sarcomas have a better prognasis than the others in that they could
report a 87 per cent five year survival out of thurty two treated

Figure 128. Muluple enchondromata.
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Hamartomas are tumor like malformanons of congenital ongin
composed of an abnormal munture of the clements which nerm
ally form the organ 1 which these tumors ongmate A report has
been made of a casc of 1 hamartoma in the night palm of a sixty
nine year old woman which extended mto the web between the
long and rmng fingers and bulged on the dorsum of the hand be
tween the metacarpal bones © \ ray revealed a soft tissue mass and
alaficatuon 1n several arcas It was removed by surgery and
microscopic examnation disclosed a mixture of cartilage fat and
precartilaginous connectine tissue 1n which were scattered foct
of osseous metaplasia

Figure 131 Malgnant neurilemmoma radil nene upper third of left
arnn.
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which occasionally occur in the hand and usually arise from small
nerve branches which can be sacnficed with impunity Rarely
they anse from the major nerve trunks and present a problem
in treatment (Fig 181) When they possess a definite capsule
(benign encapsulated neunlemoma) they may be shelled out
leaving the nerve intact. When they infiltrate the nerve bundles
(plexiform neunlemoma) or when biopsy shows a malignant
change (malignant neunlemoma) a more aggressive approach
1s necessary with excision of the mvolved nerve Frozen sections
of the resected ends should be performed since these tumors
tend to grow along the nerves The nerve should then be re
pawred according to the principles discussed in Chapter 9 If the
nerve ends cannot be approxamated or 1if the anticipated nerve
recovery will take 2 long ume switable tendon transfers should
be done Very rarely these tumors have occurred 1 bone ®
Cammermeyer * describes a small tumor on the finger of a
fifty year old man which seemed to arise from a tactile end organ
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CHAPTER 15

CONGENITAL DISORDERS

Cung'cmtal deformities conmist of absenee fusion multiphiaty
and altered growth pattern of parts'?

ABSENCE OF PARTS

Paraxial hemimelia 1s a condition where one side of the distal
part of the extremty 1s absent When the defect affects the radial
bud (radial hemimelia) there 15 absence of all or part of the
radius the radial bones of the carpus (navicular greater mul
tangular) first metacarpal and often the thumb and adjoinmng
finger together with defects 1n the soft ussues along the radial
nide of the forearm The ulna 1s short and thick and as the hand
grows 1t deviates toward the radial side of the palm untl 1t 1s
often at a might angle to the forearm ** Such defects frequently
are associated with other anomalies 50 severe that the individual
does not survive. These defects are treated with proper splinting
dunng growth to correct the deformity with subsequent excision
of the contracted parts and fusion of the hand in correct align
ment.® The possibility of polliaizauon of such a hand must be
taken mto account.

A defect of the ulnar bud (ulnar hemimelia) which 1s less
frequent than radial may produce absence of part or all of the
ulna, pisiform hamate assomated metacarpals and digits Defects
in the soft tissues on the ulnar side of the arm may take place
Since the radius 1s the most important bone 1n the wrist the
hand dysfunction 15 not as severe as with the opposite defect
Treatment 13 mstituted according to the principles outlined for
radial hermimela

Paraxtal hermimelia may occur only 1n the soft tissues 78 Sever
al authors report cases 1n wluch the extensor pollicis brevis 1s
absent bilaterally with the resultant deformity of the first meta
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occur ywhere 1 the upper estreunty anvolvng the entrre
extienuty (ameha) forevom (hemimeha) the hand (achernia) amd
fingers (adactylta)'=* (bigs 133 aund 131)  The amputations
mmy be incomplete and present congenital annulr grooves They
may be superhicial d mvalve ouly shin and subcutancous tissue
or deep mvolvng fascia tendons and bones Usually they are
combined with some other anomaly such as syndactyhsm and
brachydactylism  Such condiions often are called  psendo-
amhum 7 Treatment when wdicated consists of cxcysing the
arcular bands and re approsimaung the subcutancous tssue and

-y ¢

Figure 134 (Top) Congenital amputation of ting finger
Figure 1835 (Bottom) Syndactylism, fourth and fifth fingers.



268 T!e Hand Its dratoriy and Diseases

carpal bone held 1n adduction and the proxamal phalanx flexed
forward and parnallv subluxed * ** There also 1s ulnar deviation ot
the hand. These cases are repaired by transfer of the common
extensor tendon of the mdex finger to the dorso-lateral surface
of the proxuimal phalanx of the thumb Occasionally the defect
mav include onlv the thenar emmnence

Cleft hand 1s 2 rare anomaly i which there 1s a delect of the
central portion of the hand (Fig 132) A \-shaped cleft, which
apers proumally divides the hand into two parts, the digits o
cach part being webbed Usually the middle metacarpal 1s
missing  Treatment as follows mav benefit the pauent 1f the
cleft 15 too wide 1ts funcuon may be mproved by narrowing
1f the hand funcuons with a “pmcer hke™ movement 1t 15 more
mportant to heep this motement rather than to attempt to
mmprove the appearance This condition 1s usually a Mendelian
domunant and never appears in 2 child unless present 1n a parent.

Amputations and annular grooves Congemital amputations mav

Flg 132 Flg. 133

Figure 132, N\ of cleft hand showing extreme case witl loss of meta-
carpals and phalanges of sccoud, third and fourth fingers.

Figure 133. G ampunauon imolvuing phalanges and part of
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occur anywhere m the upper estrenuty mvolving the entire
extienuty (antelta), lovcarm (femimelia) the hand (acherria) wnd
tingers (adactylia)* (Ngs 194 and 131)  The amputations
may be incomplete and present congemtrl mnular grooves Chey
may be superficial and mnolve only shin 1nd subcutaneous tissue
or deep mvolving fsca tendons and bones Usually they are
combined with some other anomaly such as syndactylism and
brachydactyhsn  Such  condiuons often are cilled  pseudo-
amhum 117 Trewment when indicuited consssts of exaising the
arcular bands and re-approxunatig the subcutancous tissue and

Figure 134 (Top) Congenital amputation of nng finger
Figure 135 (Bottom) Syndactylism, fousth and fifth fingers.
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carpal bone held 1n adduction and the proximal phalanx flexed
forward and partially subluxed ° 1° There also 1s ulnar deviation ot
the hand These cases are repaired by transfer of the common
extensor tendon of the index finger to the dorso-lateral surface
of the proximal phalanx of the thumb Occasionally the defect
may wmclude only the thenar eminence 7

Cleft hand 1s a Tare anomaly 1n wluch there 15 a defect of the
central portion of the hand (Fig 182) A Vshaped cleft which
tapers proximally divides the hand into two parts the digits 1n
cach part bemng webbed Usually the muddle metacarpal 1
mussing Treatment as follows may benefit the pauent af the
cleft 15 too wide 1ts function may be improved by narrowing
if the hand functions with a pwncer ike movement 1t 15 more
mmportant to keep this movement rather than to attempt to
mmprove the appearance This condition 1s usually a Mendehan
dominant and never appears 1 a child unless present m a parent !

Amputations and annular grooves Congenital amputations may

Fig 132 Fig 138

Figure 132. N1y of deft hand showing extreme case with lows of meta
carpals and phalaoges of sccond, third and fourth fingers.

Frgure 138 Congenital amputation mvolving phalanges and part of
metacarpals.
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occur anywhete h the uppet extremity imolvung the enure
extienuty (amelia) loreavm (henmmela) the hand (achea) d
hingers (adactyliap="* (higs 133 and 131)  The amputations
may be mcomplete md present congenstal mmulir grooves 1hey
m1y he superficint and mvolve only shin and sulxutancous tisue
or deep imvolung faseia tendons wnd bones Usually they are
combimed with some other anomaly such s syndaenshism and
brachydactylsm  Such  condiions often e ailled  pseudo-
amlum 71 Treatment when mdicuted consists of excrsing the
arcular bands and 1c approsimanng the subcutineous tissuc and

R |

-~

Flmure 134 (Top) Congemital amputation of ring finger
Figure 13, (Bomm;) Syndactylhm, fourth and fifth hingers.
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skin ‘To prevent recurrence of the constricuion, the slin macision
1s made so that a arcular scar does not occur This may be
done by making alternate diagonal cuts on erther shan margm
down to the deep fasaia thus performing a modified Z plasty One
should not enarrcle the finger completely at the same operation
but should do only half a finger at a nme.

FUSION OF PARTS

Syndactylism  Web fingers and toes have been noted for
centunes (Fig 185) A very clear description has been wrnitten
by Ambroise Pare 1*

“There 1s also another disease 1n fingers for they sometmes
suck together and otherwhiles they are vene hittle separated

If by chance they shall grow together by a little thin shan
and flesh they shall forthwith bee divided with a sharp razor
but if they bee jomned by the mterposiion of a more gross and
dens substance, to wit the nenves, tendons and vessels being knit
together on cach side, 1t will be best not to meddle at all with
the dividing them.

Numerous case reports have appeared, and Bell * was able
to mvestigate matenal including 700 cases of the digital anomaly
and sixty three pedigrees.

When this disease occurs 1n the fingers the muddle and ning
fingers arc most commonly mnvolved. Although males are sup-
posed to be affected more than females this does not appear to be
true 1n Bells series There may be merely a thin web of skin
between the fingers or actual fusion of bone, nerves and fingers.
This condition may be assocrated with a specal type of polydac
tylism wherein a duplicated fourth finger hies 1n the webbing
between the third and fourth fingers * Other associated defects
have been reported ™

The opumum time of operation 1s about three years of age
unless the webbing 1s altering the growth of the bone. A classic
operation 1s the one first suggested by Zeller (1810) where the
fingers are cut apart and a V-shaped flap made on the web space
of the dorsal and palmar surfaces The two flaps are sutured
side by side thus developing an adequate web space. The sides
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of the fingens are conared wath a don paft which dhould amer
the web and extend onta the doral and palmar witfarce

Oldfield ® has developed a proxedine which appears o be a
more successful opetation for the prevention of adduction con
traction between the fingers A horwe choe o Uflap s rared
from the donum of the fuserd fingets with the bawe of the flap
corresponding to the level of the doral web and the flap extend
g distally as far ay the fint imterphalngeal jomt From the
remaming shin of the syndacyly o flaps ate rused o cover
the side of the more mnpottant hinger T ainasion hegins 1t
the distal extremuty of the wely flap incmon and continues along
the domal surface of the mddle finger It then passes abruptly
forward over the end of the finger toward the palmar surface
and continues along the patmar aspeet and rdinl side of the
muddle finger as far 15 the nonmal palmar web hne These
masions are deepened 1o free the Interal flaps and the fused
fingers are scpanated  H there 15 bony fusion 1 saw s used 10 the
mls are fused a scapel 1s used for division The flaps are sutured
11 position and any raw areas coveted with a sphit thickness skin
graft. A pressure dressing s apphicd for ten days followed by
Temoval of sutures and institution of active motion

I€ more than two fingers are fused Barsky * recommends
Q@utiousness when separating both sides of the digit It probably
s safer 10 operate on one side of the finger at a ume If the
tendons are united they should bLe left attached to the better
finger and a tendon graft performed on the opposite finger

s)’mﬁhalnngum 15 a fusion of the interphalangeal joints where
the middle phalanx usually 1s fused to either the proxumal or
‘3“‘31 phalanx Dr Harmey Cusluing named tlus condition
Symphalangum  follow ing a study of a large famly that ongin
3lly came from Scotland and settled 1n Virginia (1700) In this
Partticular farmily the deformity was transmitted through seven
generauons with 25 per cent of 302 individuals affected The
trait appears 10 behave as a simple Mendelian domintnt ® If an
Operation 15 deemed advisable an arthrodesis of the jomt n
the position of function 15 probably all that can be offered such
A patient

Synostoss Fusion of other bones of the upper extremity may
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skin To prevent recurrence of the constrictton the skin incision
15 made so that a arcular scar does not occur This may be
done by making alternate dragonal cuts on either skin margin
down to the deep fascra thus performing a modified Z-plasty One
should not enaircle the finger completely at the same operation
but should do only half a finger at a ume

FUSION OF PARTS

Syndactylism  Web fingers and toes have been noted for
centunies (Fig 185) A very clear descripuon has been wmtten
by Ambroise Pare *

“There 1s also another disease 1n fingers for they sometimes
sack together and otherwhiles they are veme little separated

If by chance they shall grow together by a little thin skin
and flesh they shall forthwith bee divided with a sharp razor
but 1f they bee joined by the interposition of a more gross and
dens substance to wat the nerves tendons and vessels being knit
together on each mde 1t will be best not to meddle at all with
the dividing them

Numerous casc reports have appeared and Bell** was able
to mvestigate material including 700 cases of the digital anomaly
and sixty three pedigrees

When this disease occurs 1n the fingers the muddle and nng
fingers are most commonly nvolved Although males are sup-
pased to be affected more than females, this does not appear to be
true 1n Bells series There may be merely a thin web of shin
between the fingers or actual fusion of bone nerves and fingens
This condition may be assoctated with a special type of polydac
tylsm wherein a duplicated fourth finger lies n the webbing
between the third and fourth fingers ?* Other associated defects
have been reported *

The opumum tme of operation 1s about three years of age
unless the webbing 13 altering the growth of the bone A classic
operation 13 the one fint suggested by Zeller (1810) where the
fingers are cut apart and a V-shaped flap made on the web space
of the domal and palmar surfaces. The two flaps are sutured
side by side thus developing an adequate web space The sides
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of the fingers are covered with 1 skin graft which should cover
the web and extend onto the dorsal and palmar surfaces
Oldfield * has developed a procedure which appears to be a
more successful operition for the prevention of adduction con
traction between the fingers A horseshoc or Uflip 1s rmsed
from the dorsum of the fused fingers with the base of the flap
corresponding to the level of the dorsal web and the flap extend
ing distally as far as the first interphalangeal joint From the
remaining skin of the syndactyly two flaps arc rased to cover
the side of the more mmportant finger This ncision begins at
the distal extremity of the web flap masion and continues along
the dorsal surface of the muddle finger It then passes abruptly
forward over the end of the finger toward the palmar surface
and continues along the palmar aspect and radial side of the
muddle finger as far as the normal palmar web line These
masions are deepened to free the lateral flaps and the fused
fingers are separated If there 15 bony fusion a saw 1s used If the
nails are fused a scapel 13 used for division The flaps are sutured
m position and any raw areas covered with a spht thickness skin
graft. A pressure dressing 15 applied for ten days followed by
removal of sutures and mstitution of active motion
If more than two fingers are fused Barsky? recommends
cautiousness when separating both sides of the digit. It probably
1s safer to operate on one side of the finger at a time If the
tendons are umited they should be left attached to the better
finger and a tendon graft performed on the opposite finger
Symphalangism 15 a fusion of the interphalangeal joints where
the mddle phalanx usually 1s fused to either the proximal or
distal phalanx, Dr Harvey Cushing named this condition
Symphalangism following a study of a large family that ongin
ally came from Scotland and settled mn Virgima (1700) In this
parucular family the deformity was transmitted through seven
generations with 25 per cent of 802 individuals affected The
trait appearns to behave as a umple Mendelian dominant® If an
operaion 15 deemed advisable an arthrodesis of the joint 1n
the position of function 1s probably all that can be offered such
a pauent.

Synostosis Fusion of other bones of the UPPET eXtremity may
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occur and are most frequently found to occur in the carpal
region. Practically every conceivable combination of carpal fusion
has been reported, but the most common appears to be the
lunate tmquetral fusion which O Rahilly= found present
0 18 per cent of 743 wrists ‘This 1s most common 1 some of the
African races #-3

MULTIPLICITY OF PARTS

Polydactylism 15 a deformuty which demonstrates an abnormal
number of fingers Usually the extra digit 1s along side of the
thumb or Little finger (Figs 186 and 137) Bifid thumbs are
a mmor vanant of this congenutal defect (Fig 138) Treatment
consists of exasion of the extra digit for cosmenc reasons Hand
forth *¢ found that polydactylism was quite high among Chinesc
pnisoners (2 4/1000) with the mest common abnormahty being
a duplication of the first digit. A rarer type of polydactylism 15
a duplication of the fourth digit 1n the web of a syndactylusm
between the third and fourth digits Even more buzarre are the

iz 138 Tig 137

Fgure 136 Polvdactylum. kxtra digat alongside thumb
Figure 137 Polydactylsm. Extra dignt alongside fifth linger
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polydactyhies associated with dimelia (where a hmb or major
part of the imb 1s duphcated) In these cases the fingers usually
are doubled and show mirror tmaging O Ralully® had a case
where there was no thumb or radius but a doubling of the
second to the fifth fingers with mirror imaging There was also
duplication of the hamate and capitate with two ulnar bones and
no radius This condition can result 1n extreme cases of polydac
tyly the number of recorded fingers going all the way to forty

Hyperphalangism consists of an excessive number of phalanges
the thumb being most commonly imvolved with three phalanges
Grobelnik # reports a case and behieves that this deformity adds
fuel 10 the argument as to whether the normal thumb consists
of three phalanges without a metacarpal or one metacarpal and
two phalanges Since the metacarpal of the thumb has an
epiphysis at 1ts proximal rather than distal portion some people

Figure 138 Bifid thumb
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feel that this 1s a phalanx and not a metacarpal In Grobelnik s
case the meracarpal had an epiphysis on both ends. The patent
had difficulty using his hand because opposition was hindered
and the fist was poor He treated this by removing the middle
phalanx and placing the thumb m plasterof Paris for six weeks
after which physiotherapy was insututed Another case of a
triphalangeal thumb 1s reported by Sallam

Accessory bones Apart from the sesamord bones which were
discussed 1n the section on anatomy there are numerous acces
sory bones present in the carpus Os centrale—a dorsal ossicle
between the navicular capitate and lesser multangular Os epitn
quetrum—at the dorsal distal radial angle of the triquetrum
the medial intercarpal space between the lunate triquetrum and
hamate Os hypotriguetrum—n the same space but on the
palmar aspect Os stylordeum—a dorsal ossicle between the lesser
multangular capitate and the second and third metzcarpals
Os triangulare—between the distal end of the radwus ulnar stylowd
process lunate and triquetrum Os vesaltanum—an ossicle be
tween the hamate and fifth metacarpal ®

A ipartate scaphoid rarely may occur and be confused with 2
fracture The surfaces should have smooth regular edges with
clear joint space and show no arthriuc changes The density
should be normal and there should be no avascular necrosis

ALTERED GROWTH OF PARTS

Congental flexion contracture of fingers usually involves the
fifth finger It 15 one of the most frequent of the inhented
digital anomalies 3 Camptodactyly a flexion of any of the
fingers, 15 a term often used 1n refernng to this condinon How
ever the appropnate term should be streblomicrodactyly desig
naung only flexion 1n the Iittle finger In other words this s a
speaial form of camptodactyly The condition usually 1s bilateral
and symmetrical It 1s characterized by a flexed position of the
proumal mterphalangeal joint of the fifth finger and occasion
ally the fourth finger It 1s present at birth remarins static until
the tenth year of hife when flexion may progress and become
arrested to recommence at the age of sixteen or eighteen There
may be hyperextension of the mctamrpophalangn! joint Surgical
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treatment 18 very disappointing since 11l the tissues become n
volved 1 the contracture 1nd 1t tends to recur after therr
exasion® Rarely this condition may affect all four fingers of
the hand

Figure 189 Hypertrophy of index finger

Brachydactylism 15 a deformity wherein some of the phalanges
Or metacarpals are short or absent. Like most such general con
ditions 1t 15 a definite inhented traeo Shoul and Ritvo 8 report
an inieresting series of three cases of brachydactylism 1n w Exoch
Lhc‘;nvollv;d fingers had four phalanges

Megalodactylism consists of hypertrophy of the
139) A certain percentage of these ca.scsmey be ducctlfl:n éfg
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growth of peripheral nerves and also may result from heman-
giomas or lymphangiectasia 3¢ Megalodactylsm 1s seldom
benefited by surgery

Madelung s deformuty occurs when the growth of the radius
falls behind that of the ulna producing a volar and ulnar curve
The normal growth of the ulpa makes this bone luxate from
the radius and project dorsally and distally giving a chinical
mpression of a forward dislocation of the wrist. There 1s also
hmutation of motion of the wnst. The carpal bones become
wedged between the deformed radius and displaced ulna pre
senting a pyramudal appearance with the lunate at the apex.
The disease usually occurs 1n adolescence and 1s four nmes as
frequent 1n women as men ¥

Treatment 1s deferred untl bone growth s complete A
wedge osteotomy 13 performed and the head of the ulna removed
A sling 13 placed around the distal ulna to prevent 1ts dislocation
and the hand and forearm 1mmobilized 1n plaster 1n an over
corrected position

Other growth disorders can occur such as severe ulnar abduc
tion of the fingers due to a congenital shortening of the collateral
ligaments a charactenstic tadial deviation of the termnal
phalanx of the fifth finger and a promnence at the base of the
fimt metacarpal grving nse to a  step sign 34°
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CHAPTER 16

VASCULAR DISEASES

TRAUMA

Pmelmhng tiauma of the upper cxtremity may involie the
vascular tree causing spasm contuston or laceration These
injuries are serious as evidenced from World War II stanistics *
Gangrene requiring amputation occurred mn 43 per cent of
axillary artery mnjurnes and 1n 286 per cent of subclavian n
junies Gangrene following brachial artery mjury depended upon
whether or not the profunda branch was intact. Injunes above
the profunda resulted 1n a 55 per cent amputayon rate and below
it m a 258 per cent rate. Modemn advances i repawr
of blood vessels and the use of venous and arterial grafts have
done much to decrease the incidence of gangrene. Numerous
surgeons 1 the korean War reported on vascular injuries and
found that the madence of gangrene in upper extremity mjuries
was extremely low 24

When there 15 evidence of an arterial mjury manifested by
a large hematoma at the site of injury or absence of distal
pulsation the wound should be explored using classical surgical
mcsions and 1f posstble not going through the niual wound
Proximal and distal control of the vessel 1s secured and as an
aid to this a proximal tourmiquet may be valuable The artenal
wounds are debrided to be sure that all injured artery 1s removed
It there 13 a parual Jaceration tt may be repaired 1n a longitudinal
or a transverse manner However In severe lacerations where
such repair would greatly constrict the artery and 1n complete
severances the damaged artery 15 cut across at nght angles and
an end to-end suture performed Since there 1s evidence that high
veloaty misailes damage the artery farther than s visible Jahnke *
advocates that a centimeter of lacerated artery be removed from
cach end The adventitia 1s stripped from the artery proximally

[278]
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and distally for several inches When necessary collateral
branches are divided to permit mobihization of the blood vessel
and partial flexion of extremities nay be utlized to permit
suture without tension An otled 00000 silk suture 1s used for
the arterial repair It 1s important that the anastomaosis be covered
with muscle or fascia at the completon of the procedure. In
nstances where the laceration 1s so extensive that the ends cannot
be brought together without undue tension a vewn or artenal
graft will be necessary The wound s closed either primanly
or secondanly depending on 1ts condition

Thrombosed segments of artery should be exaised and an
end to-end suture or a graft used to repair the defect. Spasm 1n
an artery may be relaxed by using topical papaverine

Non-penctrating trauma may result 1n thrombosis or spasm
i an artery This 158 most commonly seen 1n the carly stages of
Volkmann s contracture which will be discussed in another
chapter

Relatively minor trauma also may result m damage to blood
vessels of the hand. Mansficld,” reports the traumatic thrombosis
of an ulnar artery in the palm of an engineer who used the
palms of his hands to hammer on a chain case during the course
of his work. He developed tenderness over the base of the hypo-
thenar emunence and a cord like structure could be felt which
on exploration proved to be a thrombosed ulnar artery which was
excised An even more indirect trauma was rcponcd occurring
m a seventy year old dentst who complamned of severe pam 1n
his nght hand * One week before hospital admusion he noticed
the onset of ungling, cold pain and cyanosis at the tp of the
tlurd finger and within forty-eight hours 1n the fourth and fifth
fingers The tps of the third fourth and fifth fingers were
cyanotic with small areas of demarcating gangrene These fingers
were also cold and tender and the radial and ulnar artenes were
palpable The ulnar artery was exposed and found to be com
pressed and contused by the volar carpal ligament When tius
was ncised and the wall of the artery injected with procaine
the pulsation passed mnto the distal segment Immediately after
operation the pam was relieved with no recurrence This 18 akin
to the median nerve compresston 1n the carpal tunnel syndrome.
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Gangrenc of the forcarm and hand have followed the use of
the radial artery for ntraartenal transfusion ** There was
normal commumation between the ulnar and radial arteries 1n
the hand Vasospasm of the blood vessels produced by the use of
cold blood may have been a responsible factor with an added
factor bemng the perfusion of the extremuty with unoxygenated
blood When performing an arterial transfusion these authors
recommend limiting the transfusion to a period of one hour
and using whole warm blood

Traumalsc aneurysms may occur 1 the hand and have been
ably reviened by Middleton ! In false aneurysms there 1s a
dastruction of the blood vessel wall with formation of hematoma
which becomes the retaining sac of the aneurysm This sac be
comes hined with endothehum and muscle elements are absent
from the wall These most commonly follow puncture wounds of
the hand. In Middleton s review of seventy aneurysms of the palm
fifty four were of thus false vaniety The {rue aneurysm 1s due to
a weakenng of the artenal wall but muscle elements usually
can be 1denufied on microscopic examination In Middleton s
scries sixteen were of this variety and the majonty were due to
nop-penctrating trauma with a few due to bactenal endocarditis
They may rarely anse spontanecously These aneurysms may fol
low a mingle severe contusion or NUMErcus MmINOr CONtusions.
The latter often are called Occupational Ancurysms Exasion
gves excellent results Their cure 18 simple since there 18 excellent
collateral airculation 1n the hand Since Middleton s review many
1solated case reports have appeared ** In a five year study at the
Boston City Hosputal Nabseth® found three false ancurysms

Traumatic AV fistulas of the hand are rare aavilian mnjuries
Nabseth ** found two m a five year survey at the Boston City
Hospital Such fistulas have a small diameter and are a long
distance from the heart and do not produce the serious arcu
latory problem of fistulas 1n other locations 1e ncreased pulse
prassure heart rate and blood volume with subsequent cardiac
:lli‘rd ;ghq' usually present as small pulsating masses with

Jacent veins A bruit may be heard and the oxygen
content of the involved veins 1s higher than the normal veins
Sumple excision cures these lesions
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Figure 140 (Top) Gangrenc of skin at tip of plastic catheter used for
levophed inlunon.

Figure 141 (Bottom) Gangrene of finger following digital nene block
with novocain and epincphnine
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CHEMICAL GANGRENE

Deliberate artenal mjection of gentin violet cthier™ and cven
blood* ™ has resulted in gangrene of the hand Occasionally
artenes are nustakenly injected mstead of veins especially when 1
superficial cubtal rdial or ulnar artery 15 present 11 Gangrenc
has occurred following such mjections of pentathol curare qu
nine heavy metals and anublotcs Nach and Lohman** re
ported gangrene of the hand following mjection of an artery
with codeme by a narcouc addict In this case the mjected drug
produced a thrombosis of the radial and ulnar artery

Intravenous medication tarely produces gangrene but local
areas may develop at the site of levophed imfusions They may
occur at the site of venipuncture or at the tp of a plasuc
catheter 1ntroduced proxamally in the arm (Fig 140)

General medianal agents occasionally may produce gangrene
The best known of these are ergot preparations In recent years
the use of ergotamine tartrate for relief of pruntis has come mto
vogue and resulted 1n several cases of gangrene of the fingers
and lower extremtty 3! Wells and Anderson ® investigated the
mechanmism of 1ncreased suscepubility to ergot and found that in
Tats 1t was produced by thyroxin and liver damage. They reason
that throxin possbly may interfere with the elimination or de
struction of the alkaloid and that lwer damage may interfere
with the ehmination of the ergot alkaloids thus predisposing to
ergot gangrene They note that ergot gangrene 13 most often
associated with thyrotoxicosis and jaundice but almost never
following the use of these alkaloids 1n the treatment of migraine

Lindstrom ® reports a fulmmaung occlusive arteral disease
resulting 1 gangrene of the extremities following ant syphiliuc
treatment with neocarsphenamune. Histologic examination re
vealed a panartentic process charactenzed by a fibrinoid medial
necrons, hyperplasia of the subintimal ussue and infiltration by
granulocytes and cosmnophiles

Topical applicanions of chemucals occanonally may result m
gangrene as evidenced by the high inadence of gangrene which
followed the phenol dressings of the past generation

Digital nerve block sometimes may result 1n gangrene of a



284 The Hand Its Anatomy and Diseases

finger and the author has seen nine such cases (Fig 141)
Usually this 1s due to epinephnne in the novocain solution
but secondary factors such as the use of a tourmiquet and an
increased quantity of injected fluid may play a role # When per
forming a digital nerve block for anesthesia of a finger no more
than I to 114 cc. of 1 per cent novocain solution without epine
phrine 15 used and no tournmiquet 1s applied Debeyre and
Matte1 ® report two cases following local anesthesia for a felon
of a finger 1n which no adrenaline was used In order to obwiate
this possible complhication of digital gangrene Holmes and
Graff,** recommend injection of the nerves between the meta
carpophalangeal joints rather than along the finger However
it has been previously pointed out that gangrene may even
follow this type of digital bloch.* Thermal damage may play
a role 1n this gangrene when an anesthetized finger 1s placed mto
water of 2 scalding temperature However cven at temperatures
below this level with a disturbed circulaton secondary to the
digatal block, the heat may cause damage

COLD GANGRENE

Frostbite occurs when an extremity 1s exposed to a freezng
temperature and the tissues become frozen There are many
predisposing conditions—such as temperature environment and
length of exposure However there are other factors which con
trol heat loss—such as wind veloaty degree of wetness of an
extremity and length of immobility Factors conductve to vaso-
spasm—such as chilling, hunger anxiety use of tobacco and
trauma—are more subtle aggravauons

The affect of freeaing temperatures on an extremity 1s a vaso-
constrictton which produces blanching associated with numbness
If the temperature 13 sufficient, ice crystals will appear on the
tissues  but these are not necessanly mndicative of future destruc
tion 3 The major source of damage to hiving cells during freezing
15 st1ll unknown and probably encompasses some change 1n cell
chemustry Lovelock * has shown that the major source of damage
may be the deleterious affect of strong salt solutions which are
produccd during the formaton and dusolution of ice Changes
n the proportion of hpids and phospholipids 1n the cell mem
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brane may also play a vole Although 1ce formation 1 the cells
may be compatible with recovery of the ussue Smith ¥ finds
that bending a part {rozen i this wiy mevitably results m
lesions of frostbite

After thawing of the member these 18 an immedinte hyperemua
as evidenced by skin temperaturce and [luorescence studies ™
Dunng dus period there 1s an wncreased permeabnlity of the
capillaries and an mereased lymph flow from the affected part ®
The damage to the blood vesscls may be s0 severe that blood
leaks from them 1nto the tissues Climically such extremities arc
red warm and painful Edema occurs givng mise to blisterning
with large blebs seen within a day or two after thawing There
may be such a severe degree of plasma loss from the blood vessels
1n the extremties that the capillanes are sludged with red blood
CC]].’ 3031

There 15 evidence that blood flow ceases two to four days
following thawing resulung in necrosis of tissue There s a
possibility that this tissue change 15 due to the silting of red
cells 1n the capillaries 33 However it also may be true that
these changes in the blood vessels are secondary to necross
Several invesugators studied the muscles of extremities exposed
to sub-freezing temperatures and found three distinct histologic
lesions a coagulation necrosis in the muscle adjacent to the cold
an atrophy of the muscle most distant from the cold and a slow
necrosis 1n the intervening muscle ®* This layering of the lesions
from the surface 15 difficult to explain on a vascular basis

After the acute phase of the disease 1s over and the edema
has subsided necrosis may occur in about 10 per cent of frost
bitten extremities *3¢ Necrosis of tissue may be seen more com
monly than this however but 1t 1s usually superficial and does
not result 1n loss of a part. Sensory loss may be evident for many
weeks following frostbite and on return of sensation pamn may
recur to gradually subside as the undcrlying cold induced nerve
lesion heals spontancously Atrophy of shin and underlymng
muscle together with lipitanon of joint motion may occur
Vasospastic phenomenon and hyperhidrosts may appear 1n some
of the mbs This may be due to the fact that of all the
nerve fibers the sympathetic fibers are the most resistent to cold
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and are destroyed only by very severe exposure¥ This vaso-
constriction was demonstrated by arteriography to be present
proximal to the frostbitten area four to five months after the
inial njury *

A review of xray bone changes encountered in frostbite re
vealed 58 per cent of cases to show osteopoross of a shght
degree ® Bone exposed to necrotic tissue revealed changes sec
ondary to osteomyeliis One group of special significance present
n 11 per cent of the sertes consisted of small round punched-out
areas of decreased density which usnally opened into joint spaces.
These changes did not become notceable untl months after
cold exposure When the frostbite occurs i children epiphyseal
mjury may occur as demonstrated by x ray changes.®

Many methods of treatment have been attempted to prevent
gangrene and other serions sequelae It has been fairly well
proven that sympathectomy in the early stages 1s of no value*
Hepannized expenimental amimals dcmonstrated as much gan
grene as other amimals and had a lugher death rate than the
control group *° Adrenocorticotrophic hormone (ACTH) has
been tried and found wantuing 4! There 15 statistical evidence
that the use of dehydrogenated alkaloids decreases the madence
of gangrene 1n experimental ammals because of their vasodilatng
actton ‘24! The most promusing lead 1s that of Shumacker and
Kunller # who demonstrate that rapid thawing wall result 1n less
gangrene than spontaneous thawing Such rapid thawing probably
reduces the exposure tume to cold

Unul some of the expertmental leads have more chinical value
1t 15 best to treat frostbite by the prevenuon of further damage
This 15 done by applyng loose sterile dressings admrmistering
chemotherapy and reframmng from massage or motion of the
part A policy of cautious, watchful waiting 1s undertaken and
if necrosis takes place only dead tissue 15 excised In most cases
scen n cvilian practce gangrene of a part does not occur and
the affected superficial tissues will spontaneously peel away leav
ing relatively normal ussue underneath The occasional spastic
phenomena which may be present n such extrermties for months
to a year after injury may be relieved by sympathectomy

Exposure to cold temperatures above the freezing level for
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varymg lengths of time gives nise to the mmmersion hand It has
been found that at least two thirds of patients with immersion
foot had mjury to the hands 43 During cxposurc the hands are
numb cold and clumsy after exposure to normal environment
the hands become hot and throbbing and ntense paresthesias
are present Swelling may occur and when 1t subsides a wasting of
the ntrinsic muscles 15 prominent  Hypesthesia and hypalgesia
of the fingertips may take place As m frostbite late sequelae
may be vasomotor phenomena and hypertudrosis

OCCLUSIVE DISEASES

Artenal embolt lodge 1 the upper extremrtuies n a varable
percentage of cases In a senes of 172 artenal emboli cases re
viewed at the Massachusetts General Hospital the upper extrem
1ty was miolied m 1839 per cent** In a senies of 101 peripheral
embolt cases reviewed at the Boston City Hospital the upper
extremuty was imolved 1n only 5 per cent (Fig 142)

The source of artenal embolism 1s usually a diseased heart

BOSTON CITY MASS. GENERAL

OEREBRAL 2% /8%

s BRACHIAL ___ 3% ar%

[l AXILLARY 2% 5.0%
f SUPMESENTERIG __23% ___ 69%
REMAL = 9% 3%
SPLEEN 7% 46%

AOKTA 8% 8r%
C\Q L 4% 8%

C==FEMORAL_____ 12% _ _ _ p3Ipx
<= POPLITEAL o 87%

Frgure 142, Arterfal emboll. Sites of lodgement 1n 172
cases at Masa-
chusctts General Hospital 46 and 101 cases at Boston City Hospital
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with auricular fibnillaton In a series of fifty five cases seen at
the Boston City Hospital the etiology was arteniosclerotic heart
disease twentysix cases rheumatic disease seventeen hyper
tensive heart discase four and bactenal endocardis three
In four cases an arteriosclerotic plague of the aorta predisposed
to embolism 1n one there was a patent foramen ovale 1n which
the source of the embolus was phlebitis of the right ihac vein

Upper extremity embolt rarely result in gangrene Conserva
tive therapy should be followed consisting of sympatheuic blocks
and vasodilatng drugs Rarely if there 15 underlying obliterative
vascular disease gangrene may occur (Fig 148)

— ——— -
4

Frgurc 143 Gangrene of hand caused by artenal embolus.

Buerger's disease rarely affects the upper extremuty A report
on a series of 1 400 pauents with this disease revealed that only
five had major amputations of the upper extrermity ‘7 Another
review of 180 cases at the Massachusetts General Hospital demon
strated that only 6 per cent required amputation of the fingers
with no amputation above this level necessary 4* Treatment con
sists of sympathectomy cessation of smoking and control of sepsis
with anubiotics

Perartenis nodosa occasionally may involve a penipheral nenve
and produce a penipheral nerve palsy Heathfield and Williams #
report the case of a median and ulnar nenve lesion mn a twenty
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seven year old housewife with this discase

Obliteratrve artenasclerosts results tn gangrene in upper ex
tremities 1n 2 very small percentage of cases Treatment 1s usually
conservative.

SPASTIC DISEASE

Raynaud s disease 15 an arterinl spasm usually stimulated by
cold or exatement affecting the hands 1n a great majonity of cases
occasionally the feet and rarely the nose and ears Approximately
80 per cent of the sufferers are women and 1t appears in the
third and fourth decades of life When the discase affects the
hand 1t 15 usually bilateral and symmetnical and the most
common complaint 1s sudden pallor of the fingers (Fig 144)
As the arculation returns they become cyanotic and then
hyperemic

Between attacks the hands may be cold and sweaty Gangrene
of the fingerups rarely occurs and when 1t does 1t 15 merely a small

y A7
B -S|
Fi 144
“ 1gure Raynauds disease exhibited by symmetrical blanching o
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area of necrosis at the up of the finger Atrophic soft tissue
changes mught occur 1n the hand Occasionally a disease process
similar to Raynaud s disease may be the forerunner of sclero-
derma

Treatment 15 by reassurance and conservatve measures such
as advice on wearing warm clothing and gloves 1n cold weather
and avordance of smoking Occasionally vasodilaung drugs such
as priscoline and romiacol are of value and if the cases are
associated with severe anxiety or nervousness some tranquilizing
agent such as serpasil has been of benefit. In more severe cases
sympathectomy will give relief although 1t 15 very difficult to
completely denervate the sympathetic nerves in the upper ex
tremity Over the course of five years, Robertson and Smith
wick *® have shown that 85 per cent of upper extremities de
nervated by either root section or ganghonectomy will have
recurrence of vasoconstrictor activity

Reflex vasospasm of the bands may be secondary to many
conditions such as cervical ribs scalenus anticus syndrome and
trauma Treatment of mild cases 1s by conservatve measures suclt
as mentioned 1 Raynaud s disease and of severe ones by sym
pathectomy

An occasional myocardial infarction will develop gangrene of
the fingers®.92 This appears to be a vasospastic condition
secondary to a lowered cardiac output.

Nygaard # reports a Raynauds phenomenon secondary to a
fracture of the nawvicular bone aggravated by working When
the area of the navicular bone was infltrated wath 1 per cent
notvocain the Raynaud s phenomenon did not occur Following
this the patient had an excasion of the scaphoid and postopera
tively the Raynaud s syndrome disappeared

The use of pneumatic tools has resulted in a disease entity
quite simular to Raynaud s disease which was first reported by
Longa.® These patients manifest cold fingers with the typical
color changes of Raynaud s disease and rarely they progress to
acral gangrene and ulcers

The cause appears 10 be the vibrauon of tools at a rate be
tween 2000 and 8000 revolutions per minute With lower rates
changes 1n the bones and joints are more common It has been
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estimated that—ol 100 men workig with such vibriung tools
four showed vascultr changes m two years with the number
nsing to 18 per cent m three and to pproamately 55 per cent
between the fourth ad ffth 35 The basic cause of the vuscular
change 15 unknown  Biopsies on such patients revealed no
Instologic changes m the blood vessels = Obluentue changes
have been reported m some of the affected hands by arterio
graphic studies Changes have been found i the capillany
loops wlhich show a definite decrease 1n sze with small almost
occluded vessels

Although the patient may cease work the vasospastic phenom
ena may continue for years Hoerner® revicwed some of the
possible preventative measures a fen of which might be fre-
quent changing of jobs so that no one s expased to vibrations
tor many days in succession the use of mechanical means of
holding the tool and object and the use of other than pneumatic
or clectnical tools to bring about the same operation

INFECTIONS

A massive localized infection in an extremity may result in
gangrene. A recent expenence 15 of great mterest A fifty seven
year old white morphine addict injected herown 1nto hus left arm
near the elbow four days before entering the hosprtal Infection
developed and spread to the entire forearm The hand and
fingers were cyanotic and no pulse could be felt 1n the wrst
Several inasions were made and creamy pus was obtatned which
cultured hemolytic streptococcus On hospital admussion he was
placed on pemiaillin therapy but the arculation 1n the arm
did not recover (Fig 145) Exploration of the antecubital fousa
was performed which revealed the brachial radial and ulna~
artenies to be n intense spasm. Saline compresses over th
vessels caused some pulsation to return A peradventitial -
pathectomy was performed and at the concl -
cedure the blood vessels appeared to regar
Numerous stellate blocks were performed but
the situation The hand and forearm progri
and the patent required an emergency gnllo
the forearm with a subsequent revision of the

usion of the p—
n some PuLgrv——._
they did nor 37~
essed 0 gan—-
tine ampursr -~

ampugnng ——.
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area of necrosis at the up of the finger Atrophic soft ussue
changes might occur wn the hand Occasionally a disease process
similar to Raynaud s disease may be the forerunner of sclero-
derma

Treatment 1s by reassurance and conservattve measures such
as advice on weaning warm clothing and gloves 1 cold weather
and avoidance of smoking Occasionally vasodilating drugs such
as priscoline and ronmiacol are of value and 1if the cases are
associated with severe anxiety or nervousness some tranquilizing
agent such as serpasil has been of benefit. In more severe cases
sympathectomy will gave relief although 1t 1s very difficult to
completely denervate the sympatheuc neries 1n the upper ex
tremuty Over the course of five years Robertson and Smuth
wich *® have shown that 35 per cent of upper extremities de
nervated by either root section or ganglionectomy will have
recurrence of vasoconstrictor activity

Reflex vasospasm of the hands may be secondary to many
conditions such as cervical mibs scalenus anticus syndrome and
trauma Treatment of mild cases 1s by conservative measures such
as mentioned 1n Raynaud s disease and of severe ones by sym-
pathectomy

An occasional myocardial infarction will develop gangrene of
the fingers®® This appears to be a vasospastic condition
secondary to a lowered cardiac output

Nygaard ® reports a Raynauds phenomenon secondary to a
fracture of the navicular bone aggravated by working When
the area of the navicular bone was mfiltrated with 1 per cent
novocain the Raynaud s phenomenon did not occur Following
this the pauent had an exasion of the scaphoid and postopera
trvely the Raynaud s syndrome disappeared

The use of pneumatic tools has resulted in a disease entity
quite simular to Raynaud s disease which was first reported by
Longa & These patients mamfest cold fingers with the typical
color changes of Raynaud s discase and rarely they progress to
acral gangrene and ulcers

The cause appears 10 be the vibration of tools at a rate be
tween 2000 and 3000 revolutions per minute With lower rates
chianges 1n the bones and joints are morc common It has been
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satlet fever dipthena and pneumoma hne all produced g
grene of the digis Wilensky e al ** report 1 case following 1
chest mfection One echaism for this m1y be the sevure
vasoconstriction associated with the mfection or with the par
ovysms of fever which may occur m such discses Jt 15 con
cewable that tlus constriction could damage the blood vessels
with subsequent thrombosis The other possible niechantsm for
gangrene s the presence of arculaung cold agglutns m certan
wnlections which could concewably precipitate 2 thrombows 1
the smaller blood vessels ® Forbes % was able to collect eighteen
case reports together with a case report of his own concerning
Raynaud s phenomena associated with autohaemagglutimation

A recent patient developed acral gangrene approximately one
week after the onset of virus pnecumonia resulung 1 amputation

of the paruons of severat fingers (Fiy, 146) No arculaung cold
agglutimns were found
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Figure 145  Gangrene of hand and forearm caused by masshve strepto-
cocaal infection.

Exammation of the amputated extrenity revealed no throm
bosis tn the radial or ulnar artenes wlich were found to be
i intense spasm One other factor which may have been of
importance 1n the pathogenesis of this condition was that all
the superficial veins of the forearm were obliterated by throm
bosis due to the numerous previous narcotic mjections It 1s
well known that extremiuies involved with phlebitis are more
susceptible than normal ones

Systemic infections such as meningitis malara typhus typhoid

/ |
} M

Figure 146. Acnal gangrene tecondary to a virus pneumonia. (Courtesy
Dr George F Miller)

7




33

40

41

@

44

H|
T asculay Duseases 200

Lovirock ) L Haemolssls of human red bloodcells by treering amd thawing
Biclim et Dlophys acta 10 114476, 1933

Lance h and Bowp L ). The functional pathology of experimental frontbite
and the prevention of subsequent gangrene surg Cynec & Obst., 80 316-330
1H5

Rosca1iiy, L., Lavcoime, § L Owis G R aml Cort Q. Clrculatlon of the
blood and lymph In froubite amt influence of therapeutie cold and warmth
4rch Surg 39100 10,1 1919

Laer h Wi, D and Bown L. J Froubiie Nem Ingland J Med, 237
333-388 1914

Greenk, R. The immediate vascular changes [n true frostbite J Path & BRacl.,
35239 13

Lewrs, R. B and Moex P W.. Turther studies on the pathogeneds of cold
induced muscle necrosls. Surg, Gynee & Obst, 95 313531 1052

Pmozniamat W ] and WesTer, D R Muscke tissue changes [n experimental
frombite. Ann Surg., 1367903 998 1932

Epwarns, E. A and Lerrex, R W .. Trostbite an analyns of seventy-one cases
JAMA, 149 11551203 1932,

Cavn T J and Snanr A G Frostbite resuldng in amputatlons Ann Surg,
13863-72, 1953

Deavy Baown D Apwis R D Brennew, G and Dowrxty M M. Fathology
of Injury to merve Induced by cold. J “Neuropath & Exper Neurol, 4 303
323 1943

‘inson H A and Saustmd R Roentgenologic bone changes encountered in
frostblte Lorea 1930-51 Radiology 63-685-693 1934

Daryrums ] R and Gumcnrx, M J Epiphyseal injary following frostbite
Neuw Lngland ] AMed 53 1063-1068 1933

Lrwis R. B and Mozn P . Further Investigations on the use of heparin in
the treatment of experimental frostbite Surg Gynec & Obst 97:59-66 1953

GLexw W W L, MarasT F B and BaaaTen O M. Treatment of froatbite
with particular reference to the use of adrenocotticotrophle hormone {ACTH)
“ew Englend J Med 24, 191 200 1932,

Humsy L. A and Boca™aN A R Prophylactic and therapeutic value of
hydergine in high alutude trostblte Surg Gynec & Obst. 93423430 1052

Howey L. A Rowaxns | E, BucHAaN A. R. and Tiquur G Preliminary

Investigation of the valoe of the dihydrogenated alkaloids of ergot In the
treatment of cxperimental frostbite Surg Gynec & Obst 92 303.308 1931

Snuvmacxer, H B Ju and huxxies, A W, Squdies in experimental frostbite
Surg., Gymec & Obst, 54475480 195%



204

21

3]

The Hand Its Anatomy and Diseases

Poxtex, M R, Suoms, EL R and Lockwoop ] S. The factor of rate of trans-
fuslon with partcular reference to the intra arterial route 4nn Surg 128
863 1948

Mmoreron D 5. Occupational aneurysm of palmar arterter. Orat J Surg 24
215-218 1938

Zvaeonn 1 C.oand Proctox, S E. Traumatic palmar aneunysm Am [
Surg., 72:52 /6 1946

Suoxr D W.. Ocaupational ancurysm of the palmar arch Lamcrt 217218
1948

Caweer ] J- Acute taumatc ancurysm of the palm 4m J Surg 7498-99
1947

Nastert D C.. Arterial injuries of the upper extremity Presented at a Haod
Symposium Boston City Hospltal, January 20 1836

Mazzet E 8 and Saiwsronix F.. Gangrene de dedos por Inyecdon intm
arterial accldental de eter Premsa Mced Argent J6-2379-2382, 1949

Harerr J W. The superficial ulnar artery with reference to accldental intra
arterfal injection Camad Af 4 ] 61.289-293 1949

Naar R L. and Loaman H.. Gangrene of the hand following traumatic o¢
clusion of the radlal and ulnar arteries. New York State | fed 821732174
1918

Yatrm, W M and CaBny, J A. Blatersl gangrenc of fert duc to crgotamine
tartrate wed for pruritus of jaundlce. J4 M4 106 1625-1631 1838

Goutp 8 E. Pucr, A E. and Goarvao H L. Gangrene and death following
ergotamine mrtrate (gynergen) therapy JA M.A, 106 1631 1685 1936

Erasn F R. Gangrene of the hand following treatment for pruritms of
hepatotoxic ordgln Aew England ] Med., .33 3538 1946

Wrus, | A and Anoexson L G Mechanism of incressed susceptibility to
ergot gangrenc in thyrotoxicods. Soc Exper Biol & VMled, 74.374 577 1930

Lispsmront L. | A cse report of fulmlnant occlusive arterial disease with
gangrene of the cxtremities due to neoarsphenamine Intoxlcatlon Acta chir
scandimar  100°509-514 1950

O™\ E E.and Bimnr, J J  Gangrene of the finger following digial nene
blocdk Am J Su g & 8087 1944

Drner | and MAT M Gangrene du medius consecutise a 1 znesthetle
loco-reglomale Prexse Mdd, 55 "38.759 1047

Hoturs P E. B and Grarr D | G Use of local analgesia in ecptic finger
surgery at a teaching hosphal Bnt Aed ] 1-23-257 18,3

Surmnt A. V. Frostbite in golden hamuers revived from body temperaturces
below O C. Lawce! 12331259 195§



CHAPTER 17

PAINFUL STATES

Thcrc are several conditions that produce panful states of
the upper extremity wiich should be arefully disunguished
from each other so that proper treatment can be gnen Since
all pamnful states eventually may become fixed by the central
nervous syste 1t 15 tmportant to make the proper dragnosis
carly and instrtute treatment as soon as possible to prevent perm
anent nvalidism

DYSTROPHY

Duuse of a part, with or without 1scherma of soft tissues
will lead to Limitation of motion of joints and atrophy of soft
tissues Attempted use of such an extremity will result 1in pamn
which 1s confined to the involved anatomical part It 1s seen
more commonly 1 the elderly indiidual and in those with
a theumatoyd diathesis Treatment consists of physiotherapy to
Testore mouon 1o the affected part with the occasional use of
procatne or hydrocortusone infiltration 1nto the painful areas

PHANTOM LIMB

Amputauon of a part almost umivenally results 1n some mam
festation of the phantom hmb Reassurance by the personnel
volved when treating such a patient will do much to dimimish
any pamnful expenences which might be associated with such
2 sensation In the majonty of cases the phantom limb 1s of no
consequence and becomes subsequently supprexsed Rarely if
there are emotional or psychiatric problems such sensations
may be contorted by the central nervous system to a definite
painful phenomenon Ocaasionally such phantoms may be assoc1
ated with amputation neurornas or reflex sympathetic dystrophy
and correct treatment may relieve the pan
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cusalga smce thns only 2dds to the confusion Sympathectomy
15 of great value 1 causalgn but 1t s of no value n the amputi
ton neuroma syndrome In fact the dry shin produced by the
operation further alters the scnsory pattern reaching the central
nervous system and may thereby mncrease the pamn

REFLEN S\ MPATHETIC DYSTROPHY

Trauma 10 an extrematy may result 1 a reflex sympathetic
dystrophy which consists of varying degrees of pamn vasoncuro-
motor phenomena and atrophic changes The pamn 1s often a deep
boring ache which may be aggravated by cooling the part?
Occastonally 1t 1s bumning n character Numterous trigger points
may be present, the sumulation of which may produce pun
extending to the base of the extremity The vasoneuromotor
changes may consist of edema coldness cyanosis sweaung cold
seasitivity or hypesthesta The disuse resulung from the pamn
may result 1n motor weakness wuxcle atrophy lumitaton of
jont motion osteoporosis and soft tissue atrophy

Such cases should be recognmized and treated early to prevent
trevernble painful states and severe atrophy In the mild
cases physiotherapy and reassurance will suffice However
more severe cases a sympathectomy after a temporary rehef
by a sympathetic block will be necessary If the physmical condition
does not permut an operation varnous vasodilaung drugs such
as Pnscoline (25 to 50 mg qtd.) or Romacol (50 mg q1d.)
may be successful. In conmjunction with these drugs a tran
quilizing agent such as Serpasil (025 mg tad) has proven of
benefit i allaying associated emotional distress

A typrcal case was wen m a sixtytwo year old dentst who
acadently punctured his nght thumb while injecting novocan
solution Infection occurred around the puncture site which
dusappeared 1 two weehs Subsequently the hand became weak
and cold and necrosis of the tips of the thumb 1ndex and middle
fingers developed (Fig 147) Physcal examunation resealed
absent pulses in the wnst and antecubital fossa The blood
pressure was unobtainable in the nght arm Treatment was
instituted twenty three days after the 1ntial njury and consisted
of sympathetic blocks Priscoline Romacol and local treatroent to
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AMPUTATION NEUROMAS

Neuromas will form at the cut end of an injured nerve or
a neuroma 1n contnuity may develop along the pathway of an
mjured nerve When stimulated they may cause exqusite dis
comfort 1n the extremity which usually consists of a pins-and
needles sensanon or a shoofing pan radiating from a locahzed
area. Sometimes the pain may become so severe and diffuse
as to spread up the entire extrermity Tlis spread of pain from
an amputation neuroma to wvolve the enure extremity may be
explaned by the fiber interaction tn mnjured nerves '* Another
theory 1s that the pamful nerve impulses so shimulate or excate
the mternunaal pool of the spmal cord that normal impulses
reaching this area from the periphery are interpreted as painful
This also could occur mn higher regions of the central nervous
system

Neuromas should be carefully sought for by examnation of
the wound using a small palpating area as the blunt pont of
a pencal When there 1s definite evidence of a locahized spot m
the scar that will cause severe pain and 1s associated with para
esthesias or if the neuroma 1tself may be felt as a discrete mass,
operation 13 1ndicated Correct surgery demands excision of the
neuroma with implantation of the proximal nerve erther mn
soft tssue or in bone Blind excision of scar tusue 1s of no
avail since the neuroma will reinsert 1tself in the subsequent
sear

Such painful neuromas often are confused with the phantom
limb syndrome since they may appear smimultancously Some
times excision of an amputation neuroma will reheve a pamnful
phantom This does not tmply chat the phantom limb syndrome
1s due to the painful neuroma, but only that the painful neuroma
so excites and sumulates certan arcas of the central nenous
system that the phantom sensation becomes pamnful Routine
wound revisions are of no value 1n the treatment of phantom
Limb They are of value only when there 15 a defimte pamnful
amputation neuroma which should be treated as such

Painful amputatton neuromas should not be confused with
causalgia Pamn produced by them should not be called minor
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ausalgra  since this only 1dds to the confuston  Sytnpathectomy
18 of great value i causalgra but it as of no value i the ampun
tion neuroma syndrome  In fact the dry shin produced by the
aoperanion further alters the sensory pattern retching the centril
nervous system and may thereby merene the pan

RLFLE\ SYMPATHLTIC DYSTROPHY

Trauma fo an extremity may result o a reflex sympathetic
dystrophy which consists of varying degrees of pain vasoncuro-
motor phenomena and atrophic changes The pamn 15 often a deep
bonng ache which may be aggravated by cooling the part ?
Occasionally 1t 1s burning m character \umerous trigger ponts
may be present the sumulation of wlich may produce pan
extending to the base of the extremity The vasoncuromotor
changes may consist of edema coldness cyanosis sweating cold
sensitvaty or hypesthesia The disuse resulung from the pamn
may result 1n motor weahness muscle atrophy limitation of
jomt motton osteoporosis and soft tissue atrophy

Such cases should be recognized and treated early to prevent
irreversible painful states and severe atrophy In the mild
cases physiotherapy and reassurance will sufficc  However 1n
more severe cases a sympathectomy after a temporary relief
by a sympathenc block will be necessary If the physical condition
does not permit an operation various vasodilating drugs such
as Pnscolme (25 to 50 mg q1d) or Romacol (50 mg qi1d)
may be successful In conjunction with these drugs a tran
quilizing agent such as Serpasl (025 mg tad) has proven of
benefit 1n allaying associated emotional distress

A typreal case was seen 1 a sixty two year old denust who
acadently punctured his nght thumb while njecting novocamn
solution Infection occurred around the puncture site which
disappeared . two weeks Subsequently the hand became weak
and cold and necrosis of the tips of the thumb index and middle
fingers developed (Fig 147) Physical examination resealed
absent pulses 1 the wmst and antecubital fossa The blood
pressure was unobtamable i the right arm Treatment was
mnstituted twenty three days after the inral mjury and consisted
of sympathetc blocks Priscoline Roniacol and local treatment to
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Figure 147 (Top) Reflex sympathetic dystrophy in an elderly man
demonstraung gangrenc of the tips of the thumb index and middle fingers.

Figure 148 (Bottom) Sub-clavian artery pushed out of usual paition by
cervical rb.
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the necrotic fingertips Sympathectomy was not done since the
pattent was considered 2 poor sk due tn avoatted discares
Within several days a famt pulse became perceptible n the
nght wnst The hand gradually improved with the blond pres
sure n the nght arm retrming to 1054 The fingertips healed
and there was no himitation of motion n the fingers or mter
mittent claudication n the forcarm on reuming work

A speaaluzed form of reflex dystrophy may occur in the upper
extremty secondany to a coronary occlusion ¢4

CAUSALGIA

Causalgia, which was first descnibed by Wier Mutchell 15 2
defimte chmal entity which may fodow nene mjury Ir s a
spontaneous pamn hot and burmng in character aggrasated by
temperature changes and emotions The mvolved part 1s ex
tremely sensitne to touch or even o the suggesunn of beamng
touched It may lead to profound changes in the emntional
state of the pauent.

Vasomotor mamfestations esther vasodilation or vasaconstne
tion may be present. In ume the malnhity to use the extrematy
will lead to 2 disuse atrophy

The cause of this painful state 15 basically unknown although
2 shortarcuiting between the sympathetic and sensory nenves
at the site of mnjury explarns many of the climical charactenstics 7
However there 1s sull the possibiliry that afferent conduction
by way of the sympathetic nenous system takes place giving
e to panful sensavons

Mayfield * obsersed 105 causalgla pauents at the Percy Jones
General Hosprtal during World War 11 They comprised 5 per
cent of all patients admitted to this hospral with peripheral nenve
mjunies  In the upper extremity the median nene was most
responstble for this disease He confirmed the fact that sym
pathectomy brought complete relicf of pain whenever 1t was
completely performed. Sympathetic nerve block with procaine
produced dramauc temporary relief of the causalgia, but 1n none
of his cases did 1t give permanent relief even when repeated
91X 10 eight times Shumacker et al * 1n a review of nmety cases
of causalgia seen at the Mayo General Hospial duning W orld

— -
P
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Figure 147 (Top) Reflex svmpathetc dyswophy in an eldaly man
demonstraung gangrene of the ups of the thumb, index and middle fingers.

Figure 148. (Bottom) Sub-<clavian artery puthed out of wual position by
cenial rib.
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War 11 had a somewhat different expertence They found that
mn twenty-one of eighty-three pauents in whom one or more
sympathetic nene blocks were performed permanent relief of
symptoms was obtamned. hleiman ! had an expenence where
there were persistent symptoms of causalgra 1n spite of apparently
adequate homolateral sympathectomy A contralateral sym
pathectomy resulted m complete and conunuing relief of pan

SHOULDER OUTLET SYNDROME

The brachial plexus passes underneath the scalenus anticus,
over the first nb under the clavicle and pectoralis minor 1n 1ts
course through the shoulder outlet and 1s vulnerable to pres
sure by these structures giving nise to varous panful syndromes
which may affect the hands

The scalenus anticus syndrome 1s produced by compression of
the brachial plexus and subclavian artery benween the scalenus
muscle and fist nb A cervical nb may be present to further
compress this space either by bony or fibrous band attachment
to the first nb The cervical nb may push the subclavian artery
so far out of position that 1t can be secen 1n the neck (Fig 148)
Congemital malformanons of the first thoracic mb occasionally
may be a factor 2

Pamn occurs along the course of the median or ulnar nerves
ina shooung fashion and may be produced by turning the head
or pulling the shoulder downward. It may be sharp or merely 2
dull ache Sensory or motor palsies may occur (Fig 149) Vascular
symptoms may be due to local constriction organic changes n
the artery or increased sympathetic nerve activity

Adson ¥ demonstrated a test which 1s very reliable i this
disease If a patient takes a long deep breath (elevation of first
nb) elevates his chin and turns 1t 10 the affected suide (puts
scalenus on stretch and narrows angle between scalenus and
first iib) an obliterauon of the radial pulse or fall 1n hlood pres-
sure ndicates the scalenus anticus syndrome

Surgical treatment consists of exploration of the supra<clavic
ular area with section of the saalenus anticus muscle permitung
the subclavian artery to shde downward along the fist nb
Resection of the antenor portion of a cerucaal nb 1s performed
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WLt as present Tt as 1o be emphaszed that the aser should be
thoroughly explored since other factors may be present to explam
the nenve and vessel compression nomalons bands and rieries !
salenus medius and mmimus museles ' hypertroplied  omo
hyoid muscle '

The costo-clmncular syndiome w1y be produced by compres
ston of the plexus between the hist rib wd the clracle Throw
ing the shoulders down and back obiterites the pulse ' Symp-
toms may be stmiliar to the scalenus ntcus syndrome ™ Treat
ment 1s conservatine and consists of postural truming lLord »
emphasizes that the clwicle may play 1 serious role i all
shoulder girdle syndromes by suggesting that the clavicle be
remor ed 1n addition to scalenotomy i intractable shoulder girdle
syndromes.

The hyperabduction syndrome 1s produced by plexus com
pression under the pectoralis minor on hyperabduction of the
arm ™ Ischemic changes i the hands appear after sleeping with
the arms under the head or after working for extended periods
with the arms i hyperabduction Treatment 15 by assurance and
postural advice

Other causes of brachial plexus compression may be cervical
disks arthntic spurs and Pancoast tumors of the lung

Figure 149  Inminuc muscle atrophy seconda
drome.

ry to scalenus anticus syn-
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War II had a somewhat different expentence They found that
i twenty-one of eighty three patients in whom one or more
sympathetic nerve blocks were performed permanent relief of
symptoms was obtained hkleiman ! had an expenence where
there were persistent symptoms of causalgia 1n spite of apparently
adequate homolateral sympathectomy A contralateral sym
pathectomy resulted 1n complete and conunuing relief of pain

SHOULDER OUTLET SYNDROME

The brachial plexus passes undemneath the scalenus anticus
over the first nb under the clavicle and pectoralis minor n 1ts
course through the shoulder outlet and 1s vulnerable to pres
sure by these structures giving rise to various pamful syndromes
which may affect the hands

The scalenus anticus syndrome 13 produced by compression of
the braclial plexus and subclavian artery between the scalenus
muscle and fist b A cervical mib may be present to further
compress this space either by bony or fibrous band attachment
to the first mb The cervical nb may push the subclavian artery
so far out of position that 1t can be seen 1n the neck (Fig 148)
Congenital malformations of the first thoracic nib occasionally
may be a factor 1?

Pain occurs along the course of the median or ulnar nerves
ma shooting fashion and may be produced by turning the head
or pulling the shoulder downward It may be sharp or merely a
dull ache Sensory or motor palsies may occur (Fig 149) Vascular
symptoms may be due to local constriction organic changes
the artery or mcreased sympathetc nenve activity

Adson 1 demonstrated a test which 1s very relable m tins
disease If a patient takes a long deep breath (elevation of first
nb) elevates his clun and tums 1t o the affected side (puts
scalenus on stretch and narrows angle between scalenus and
first r1b) an obliterauon of the radial pulse or fall 1n blood pres-
sure indicates the scalenus anticus syndrome

Surgical treatment consists of exploration of the supraclavic
ular area with sectton of the scalenus anticus muscle permitting
the subclavian artery to shde downward along the finst nb
Resection of the anterior portion of a cervical nb 1s performed
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RECONSTRUCTIVLE SURGERY
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CHAPTER 18

SCARS AND MISSING DIGITS
SKIN CONTRACTURES

General Prinaples

Smr ussue resulung from trauma or other discases may result
i severe himitation of motion 1n a hand demanding removal
with skin replacement Other reasons for scar excision arc pain
persistent ulceration and the threat of carctnoma

Small linear scars may be corrected by a Z plasty In performing
thus operation the longitudinal wound 1s exased and Iimbs the
same length as the onginal wound are extended from each pole
of the wound at an angle of about 45 degrees (Fig 150) Alter
these tnangular flaps are raised they are transposed This adds
length along the line of the defect at expense of width Since
Jateral mobility 15 essential with these flaps they are of httle
value along a finger where such mobility ts at a mintmum and
are of most value 1n the web spaces

Local rotatton or advancement flaps may be useful for cover
ing small defects or transferring skhin and subcutanteous tissue
to cover tendons leaving a secondaty defect in an area which
can be covered by a split thickness graft

Most defects 1n the hand resulting from scar excisions require
more extensive free or flap grafting procedures Flap grafts are
essential to supply subcutancous tusue as well as shin when
secondary bone tendon or nerve procedures are contemplated
mn the arca. A broad based flap 1s raised 1n a comfortable place
on the abdomen or chest of sufficient size to permut shrinkage
of 30 per cent and sull adequately wover the defect (Fig 151)
If the secondary donor defect cannot be sutured 1t 15 cosered
with a split thickness graft After the graft 13 sutured 1nto place
fixation of the extremity to the body 1s obtained with adhesive

[307]
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tape clavoplast or pluterof Pany The flap s mspected at
frequent antervals 1o he sure that 1 change n poution has not
ocarred which condd comptomise the arculation In three weeks
the flap 18 detrched 1 one or two stages depending upon ats
vasculanty and sututed anto poation

1f tendons or bones ate not expoed deferts may be covered
with free grafts Scar and naghbonng skin ate excped so tht
the free adges hie lateral to lesion creases (hig 152) kather the
odge of the grift should hie lateral to the Hexton crene or a
tmangular dant be fshioned o ccomphsh the same purpose
Flaps are made to completely eover web spaces

L Figure 152 Flexion deformity of hinger due to skin contracture (A) Out

ue of area to be exased to i lateral sut 1
position. o inwure latera ure lines (B) Skin graft in

The palmar surface of the hand and fingers requires a full
thickness graft to withstand the usual pressures applied to this
area When taking full thickness grafus from a hairless region
such a3 the abdomunal wall all subcutancous fat 1 excised

Dorsal scars are adequately covered by spht thickness grafts
with care taken to cover the web spaces down to the volar shin

The suture Lines must Lie lateral to a moving jomnt and not on
the dorsal surface,
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b

Figure 150 Pnndples of Z-plasty (A) Lorgitndinal wound is exased and
limbs extended from each pole at an angle of 45 degrees (B) Triangular
flaps are undermined prior to transposith © T d flaps sutured
in new position.

P

4

Figure 151 Abdominal flap graft. A broad based flap of suffident sire to
account for $0 per cent shnnkage has been applied to defect. Donor site
may be covered with a sphit thickness slin graft.
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tape clastoplast or plasterof Pans - The Hap s amspected at
frequent mtervals to be sure that 1 change m position has not
occurred which could compromuse the circufinon In three weeks
the flap 15 detached W one or two stiges depending upon us
vasculanty and sutured nto positon

If tendons or bones are not exposed  defects miy be covered
with free grafts Scr and neighboring sk are exensed so that
the free cdges he lateral to flexion crewes {hig 152) 1 nther the
edge of the graft should he laterml (o the flexion crewse or 1
tmangular dart be fasluoned to accomphsh the same purpose
Flaps are made to completely cover web spaces

Figure 152 Flexion deformy
line of srea 1o

position.

ty of finger due to skin contracture (A) Out
be exened 1o fnsure lateral suture lines (B) Skin graft 1n

The palmar surface of the hand
and fingers requires a full
thickness grait to withstand the usual Ppressures a;‘}luhcd to this
an:; When uking full thickness grafts from a hairless region
suD as lthc abdommnal wall all subcutancous fat 15 excused
orsal scars are adequately covered by splhit thickn i
with care caken to cover the web s Yown to the votar sk
ces d
The suture lines must lie lateral [(l:ﬂ o opr akin

a
the dorsal su moving joint and not on
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Figure 150 Princples of Z-plasty (A) Lopgitudinal wound is excised and
limbs extended from each pole at an angle of 45 degrees (B) Triangular
{laps are undermined prior to mansponnon (C) Transposed flaps sutured
in new position

Figure 151  Abdominal flap graft. A broad based flap of sufficient sire 1o
account for %0 per cent shnnkage has been applied to defect. Donor site
may be covered with a split thickness skin graft.






310 The Hand 1ts Anatomy and Diseases

Speanl Instances

1Web space scars may produce an adduction contracture of the
fingers which may be repaired by Z plasty Tanzer! reports on
mterdigital burn contractures of the hand and finds that a lateral
flap can be shd from one finger over to the other to cover the

Frgure 158 Contractions in the line (A) rosult In adduction deformlty
of thumb and along hine (B) result in limitation of extention

—

Figure 154 (A) Flexion contracture of fingers and adduction contracture
of thumb volar aspect  (B) Adductinn contracture of thumb donal aspect
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mserted through the first nd second metcarpals muntammg
the thumb m the proper position of oppostion and abduction *
The skin grft 1s apphied and the hand plteed m the position of
function for three to four weeks after which the graft s cut anqy
and tatlored 1nto position

1 there 15 loss of opponens muscle after such procedures 1t

. Fig}ue 1[54 (C) Tubed pedicle graft raised from abdomen and a
o palm of hand (D) Adequate web space bas been developed

pplied
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web space with the resultant defect on the finger replaced by a
split thickness graft

Adduction contractures of the thumb are a speaial problem
and many excellent articles have been written concerning them.?¢
Maximum spread of the thumb 1s obtamned when the thumb
metacarpal 1s 45 degrees forward from the transverse plane of
the palm Wounds or incasions along the web of the thumb or
between the base of the thumb and thenar crease will result 1n
contractures (Fig 153) After exasion of the contractured area
the shin can be replaced by either a Z plasty or a local shufting 1f
the defect 1s small In most cases in which the palmar surface of
the hand 1s mvolied a pedicle flap will be necessary taking
care that the web space 15 covered from hinge to hinge

Such a contracture 1s excmplified 1 the right hand of a truck
drrver who sustained a severe burn of the palm and volar sur
face of the fingers and thumb The 1mual treatment was not
satisfactory 1n that the web space between the thumb and index
finger was not maintained and shin grafung was performed too
late As a consequence a flexion contracture of the index, middle
and ring finger and an adduction contiacture between the thumb
and index finger developed (Figs 151A and B) A tubed pedicle
graft was raised from the left thoraco-abdominal region Three
weeks later the contracted scar tissue was excised and the skin
flap inserted 1nto the defect (Fig 154C) After a smitable interval
the tube graft was removed from the abdomen and tailored to
fit the wound An effectine web space was developed and the
patent can now resume his former occupation (Fig 154D)

The deeper structures often are tnvolved in such adduction
contractures the adductor pollicis, the first dorsal interosseous
the extensor pollicis longus and palmar fascia. In such cases
the first dorsal interosseous 13 stripped subperiosteally from 1ts
nsertion on the second metacarpal bone and the adductor pollicis
severed The adherent sheath of the extensor pollicis longus
tendon can be shufted radially and the contracted palmar fascia
excised Even after thus extensive excsion of scar there may be
such ankylosis of the metacarpocarpal joints that a capsulotomy
13 necessary In such cases the first metacarpal bone will have to
be stabitlized m posiion by using two crossed Kirschner wires
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mserted through the first and second metacirpals mamtning
the thumb m the proper position of opposition and abduction *
The shin graft 1s apphied d the hand pliced 1 the position of
function for three to four weeks after wlich the grft 1s cut awy
and tailored 1mto position

If there 1s loss of opponens muscle after such procedures at

Y

Figure 154 (C) Tubed ped
to palm of hand (D) Adequat

cle graft raised from abdomen and a
¢ web space has been developed

pplied
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may be restored by an opponens transplant as will be mentioned
m a subsequent chapter

Spastic adducted thumbs may be produced by hemiplegia or
Erb s palsy where there 15 no shin defect but rather a contracture
of the underlying structures * These do not require shin grafung
but the deeper structures must be mobilized. Through a dom
ulnar asion over the first metacarpal bone extending from
the metacarpophalangeal joint down to the carpometacarpal joint,
the extensor pollicis 18 1so0lated and the ongin of the first dorsal
mterosseous stripped from the first metacarpal bone The adduc
tor pollicis 1s 1nased and 1f necessary a carpometacarpal cap-
sulotomy performed The subcutaneous tissue and skin are
sutured and the thumb 1mmobihized in full abduction 1 plaster
tor three weels If necessary an opponens transplant operation
may be done subsequently

Amputation stumps may be paimnful if the scar 1s adherent to
underlying bone Revision will consist of exasion of the saar
and locaung the digital nenves erther arviding them so that they
retract imnto the subcutaneous tissue proximal to the amputation
stump or burying them 1n bone The bone may be shortened
with resuture of the shin flaps or a flap graft applied
to the end of the finger depending upon the finger involved
In general the length of a thumb index and middle finger are
retained at almost any cost, but the fourth and hfth fingers can
be shortened without much functional disability Nail bed rem
nants may continue to grow on an amputatlon stump requinng
resection of the nail bed.

AMPUTATIONS
Thumb

Complete use of the thumb requires good sensation adequate
abduction to permit grasping and sufficient length to supply
pinching The latter may be done through a thumb-finger or
thumb-palm pinch and one s occupation should determine which
should be reconstructed Regardless of the length of the thumb
abduction 15 necessary not only to permit grasping by the thumb
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Dbut to allow flexing fingers to reach the palm  Lhe treatment of
adduction deformuties alreudy hins been mentioned

Amputations through the distal phalanx or distal tmterphalan
geal jomt rarely require Any reconstruction unless there s a
pamful sensitne fingerup The scar 15 cxased nd skin coverige
applied enther by a free or flap grlt Rarely at the time of
mitial thumb myury the proximal portion of 1 mdex finger
also may be severely damaged leaving the distal end relatnely
mtact Barsky 7 suggests that thus distal end of the index finger
be transferred to the tip of the thumb At the pnimary operation
a mid-dorsal nasion 15 made on the index finger from the
prontmal to the distal joint The extensor tendon 13 reflected
to one side and the digital nenes and vessels presened The
bones of the proximal two phalanges are removed thus leaving
a tube of skin 1ts distal end consisting of the index fingertip and
1ts phalanx with the drgital vessels and nenes The distal end
of the thurmb stump 15 freshened by performing a guillotine
amputaton through the distal jomnt The fingertip 1s then m
grated to the thumb stump the extensor tendon of the index
finger 1s sutured to that of the thumb and the adjacent shin
edges are approximated Six wechs later nene suture 1s per
formed between the fingers by mud lateral nastons At this
same operaton the digital arterzes and the pedicle of the mdex
finger are divided Six weeks later the third stage 15 performed
and the flexor profundus of the index finger 1s sutured to the
long flexor of the thumb to stabilize the joint.

Amputations through the distal portion of the proxunal phal
anx may be repaired by a plasuc flap fashioned so that 1ts up
will be covered by normal thumb shin thus grving better sensa
von® A curved incasion 15 made across the radial border of the
hand proximal to the up of the stump outlining a flap based on
the dorsal and ulnar surfaces This wncision 1s carried through the
fascia plane down to the bone which 1s mobilized This entire
flap 15 dislodged A bone graft 1s then nserted 1n the remainng
bone and extended mto the pocket of the flap which has been
previously developed The raw area may be covered with a spht
thickness graft following which a pressure dressing 1s applied
and the hand mamtained 1n a plaster-of Panis cast. Lewin?® de
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scribes such a case and maintains that 1t has better skin sensaton
than a pedicle graft.

Amputauons through the proximal phalanx or metacarpal
adjacent to the metacarpophalangeal joint, lequing a tajor por
tton of the metacarpal ntact may be repaired by opening the
first web space to restore a thumb-palm pinch or by a plastic
lengthening procedure to restore a thumb-finger pinch

The thumb-palm pinch 1s adequate for many occupations and
can be achieved without too much difficulty in cases where
there 1s at least an intact metacarpal present The web of the
thumb 1s divided dorsally along the edge of the first metacarpal
and volarly along the thenar crease thus forming a volar and
domsal flap The first dorsal nterasseous muscle and the head
of the adductor polhiaas are incised and removed The volar and
dorsal flaps are sutured 1n place with the volar flap sutured to
the back of the thumb If m such mjunes there has been ampu
tation of the index finger the second metacarpal bone may be
removed 1n order to deepen the web space between the thumb
and adjacent metacarpal

In order to restore a thumb-finger pinch, a tube pedicle graft
1s applied to the end of the thumb 1n which 1s mserted a bone
graft. Nicolodan: produced a skin tube and inserted bone 1nto
the tube before 1t was placed 1n the first metacarpal bone. Many
authors believe that 1t 15 best to apply the tube pedicle and
after 1t has been removed from the abdomnal wall to msert 2
bone graft 1% A tube pedicle 1s raised 1n the standard fashion
on a comvement portton of the abdomen or thorax after which
the appropnate end of the tube pedicle 15 detached and sutured
to the freshened thumb stump It 1s necessary to have the largest
possible surface contact between the two areas and 2 ning suture
Ime around the stump 15 undesirable In cases where a shorter
tube 13 necessary a2 stmple tube flap may be elevated and attached
to the thumb at one smage. When one 1s certain that the tube
pedicle has regamned 1ts blood supply which usually requires
three weeks the pedicle 15 detached from the abdominal wall
Since the termmal suture line has the least vascularity the skin
sutures are removed later than usual After the tube has healed
completely a bone graft 1s inserted Various donor sites have
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been used such 1s ihe crest tibia b or metacarpal boue
An anasion 1s made 1t the base of the pedicle attachment and
the end of the bone 15 exposed and sts medulln gouged o
The bone grft 1s shaped mserted mto the tube pocket nd
pegeed mito the previously prepared metraarpal The finger 1.
then sphinted with 1 plaster-of Panis cast nd left undisturbed
for approximatcly 1 month

Amputations which leave only a nunor portion of metacarpal
tact will require exther the lengthening procedure which has
been described or transfer of 1 finger or toe

Polliization of the index finger has been attempted with vany
g degrees of success '*= The techmque utilized by Gosset =
appears to be 2 useful onc and 1s as successful as most The first
phase of the operation (Fig 155A) consists of a circular incision
on the scar of the amputated thumb and around the base of the
index finger passing through the middle of the commussure of the
second interspace a good centimeter beyond the metacarpo-
phalangeal joint. The two inasions are untted by a Ushaped
flap on the dorsal surface of the [rst interspace An amputation
of the distal phalanx of the index finger 1s done to shorten the
finger so that 1t wall approximate the length of a normal thumb

The second stage consists of isolation of the neurovascular
bundle which 1s dusected toward the palm of the dorsal skin
flap The digital artery on the radial side of the middle finger
18 divided about a centimeter from its bifurcauon in order to
preserie the blood supply of the ulnar side of the index finger
(Fig 155B) The superfictal and deep fascia of the palm are
mased and the mtermetacarpal ligament severed Thus this
permuts the second 1interspace to be opened The next phase
consists of preparation of the remainder of the first metacarpal
or the multangular if necessary (Fig 155C) If present the
flexor tendon of the thumb 1s resected and a mortse 1s made
in the metacarpal about four millimeters wide and one cent;
meter deep Two small transverse holes are placed through the
two flanks of the mortise. The first interosseous and adductor
of the thumb are scparated as far as possible

The next phase conmsts of 1solation of the second metacarpal
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The extensor vincult are cut following which the second dorsal
interosseous 13 removed from the side of the second metacarpal
bone The frst dorsal interosseous and the first volar inter
osscous are severed some distance from their insertion in the
second metacarpal and the bone 15 sectioned at an appropnate
place to give the new thumb proper length A tendon s prepared
at the base of the second metacarpal in such a way that when
placed 1n the mortise of the first metacarpal the thumb will
be 1n the position of opposttion

The next phase consists of placing the bones i position and
passing metal wires through the two holes in the flanks of the
mortise to secure the bone (Fig 155D) The abductor pollicis
1s sutured to the severed first dorsal nterosseous and the adduc
tor pollicis to the first volar interosseous The extensor
tendon of the thumb may be sutured to the extensor of the

Figure 155  Polliciraton of index finger (A) Imutial mncilon (B) Isola
ton of neurovascular bundle (C) Preparauon of mortise 1n firk memarpal
(D) Second metacarpal powtioned 1nto fint metacarpal. Abductor pollics
sutured to first doral interosscous and adductor pollicls sutured to first volar
interosscous  (E) Skin flap sutured in position
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mdex finger but this 15 not essentinl The flap which was pre
viously rased 15 now used to cover the new web hetween the
mdex and tird fingers and 1 pressurce dressing 18 apphied (Fig
155E) A plister cast 1s apphied which 1s Icft m plce for three
1o four weeks Tips of fingers should be apprused for arculation

\any authors do not like to damage an ntact index finger
and only pollicze an ndex finger that has been previously
injured 1€ this 15 normal other fingers are apt (o be used such
as the third or fourth ¥ lctac™ reports 1 scnies of seven cases
where he pollicized the ning finger He makes a racket 1nciston 1n
the ring finger with the long arm of the mcket placed dorsally
The extensor tendon 1s sectioned over the middle tiurd of the
metacarpal The metacarpal 1s severed at a preyviously determined
level and the ncurovascular bundles are solated and freed as
much as possible The flexor tendons are freed proximally and
dustally and thus one has a neurovascular and tendinous pedicle
wluch msures motion nutntion and sensation to the transposed
finger The scar of the thumb amputation 1s exased and the
base of the first metacarpal prepared for the transfernng bone
The ning finger 13 then pulled through a previously made open
g between the palmar aponeurosts and the flexor tendons of the
middle and second fingers avoiding twisting of the pedicle The
metacarpal bone and the proximal portion of the phalanx are
then exased at a proper level to give adequate length to the
thumb and the bones are placed together by either a mortise
and tenon joint or mternal fixation The extensor tendon of
the fourth finger 15 sutured to the extensor tendon of the thumb
The adductor of the thumb 1s sutured to the interosser of the
fourth finger and the same with the thenar muscles The wound
1s closed after sutunng the intermetacarpal ligaments between
the third and fifth fingers The hand 1s placed 1 a plaster-of Pans
cast leaving the ups of the fingers free If adequate shin 1s not
present to create a commissure between the thumb and index
finger a flap 15 mobilized and placed 1n position One operation
out of the seven resulted m gangrene

In rare instances when all the fingers but the index are missing
it may be necessary to transfer the fifth metacarpal Littler 2
reports such a case where the fifth metacarpal with 1ts intrinsic
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The extensor vinculi are cut following which the second dorsal
nterosseous 1s removed from the side of the second metacarpal
bone The first dorsal interosseous and the first volar inter
osseous are severed some distance from thewr insertion mn the
second metacarpal and the bone 1s sectioned at an appropnate
place to give the new thumb proper length A tendon 1s prepared
at the base of the second metacarpal 1in such a way that when
placed 1n the mortise of the first metacarpal the thumb will
be 1n the position of opposition

The next phase consists of placing the bones in position and
passing metal wires through the two holes in the flanks of the
mortise to secure the bone (Fig 155D) The abductor pollicis
1s sutured to the severed first dorsal interosseous and the adduc
tor pollias to the first volar interosseous The extensor
tendon of the thumb may be sutured to the extensor of the

Figure 155 Pollicization of index finger (A) It inddon (B) Dsola
ton of neurovascular bundle (C) Preparation of mortise in first metacarpal
(D) Sccond metacarpal positioned nto fint metacarpal Abductor pollias
sutured to finst domsal interosseous and adductor pollias sutured to first volar
interosseous  (E) Skin flap sutured in position.
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muscles was transferred to the thumb site on a narrow skin
pedicle contaming the ulnar nerve and vessels

Since Nicoladont first described the operation many toe
mransfers have been performed Although the method 1s supposed
to give a suff finger with poor function Clarkson,* reports
fifteen of these transfers and believes the method 15 safe giving
movement not only to the restored part but also a growng nail
Byars ¥ reports this type of transplant which was followed for
twelve years and states that the digit 1s almost normal save for
some tapering There 1s no actne movement tn the terminal
joint but sensation 1s excellent

Loss of All Digits

The loss of all digits 13 an extremely crippling deformity
Graham et al #* describe four cases of this deformity where they
created a  lobster<claw type of hand by clongaung the first
metacarpal and excising the shaft of the second metacarpal
leaving only the base thus creating 2 cleft between the third
and first metacarpals by bringing a rectangular flap of skin from
the dorsum of the hand through the cleft and suturing 1t to the
base of the palmar wedge The palmar skin obtained by excising
the second metacarpal 1s sutured domsally nto the cleft onto
the opposing surfaces of the first metacarpal Higgins,® describes
a procedure where the second and third metacarpals the lesser
multangular and the body of the capitate bone are excised for
a stmilar condition  Since an Sshaped ncision 15 used for the
procedure the first metacarpal 1s covered with palmar shn and
the third and fourth metacarpals with domal slin The resultant
stump 1 this individual had surpnisingly good grasping function
and was quite surtable for mannal labor Vogl® presents a case
where the entire hand was lost down to the bases of the meta
carpals Gnipping was obtained by skin flaps strengthened with
two grafts from the tibia which were placed mto the bases of
the first and second metacarpals producing some grasping func
uon Murray * reports two interesting cases where all the fingers
were lost The fourth finger of the opposite hand was transferred
to the index metacarpal and a thumb was fashioned by the use
of a tube graft with ulumate ihac bone grafung wmnto the thumb

metacarpal
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TENDON RLCONSTRUCTION

TLNDON CRATTS

thn tendons are destroyed by trauma bums or infection
tendon grafts are necessary 1 he most frequent mjuries requinng
tendon reconstruction arc those m the digutal sheaths between
the metacarpophalangeal and proximal nterphalangeal joints
Primary tendon repair mn tlis area 1s unsuccessful smce the
tendon anastomosis lres within a narrow digital tunnel Webster !
believes that the angle of the tendon pull in this region presents
1t from exerting normal strength n breahing down postoperative
adhesions Other important factors are unnecessary trauma at
operation mcorrectly placed incisions suture matenal that 1s too
heavy operaung m a bloody field without a tourmiquet 1n
adequate suture techmque and too early motion

The tendon graft 1s nounished by blood vessels at the insertion
of the graft and by other blood vessels along the subcutaneous
ussues of the finger Braithwaite and Brockis  amputated a finger
which had a previous tendon graft cighteen weeks prior to
amputatuon They injected the vessels with colloidal silver 1odide
and dissected the finger and found the pattern of vessels withm
the graft to be ssmular to the normal vascular pattern except that
1t was not so profuse

There are certain principles of tendon grafting which must
be adhered to regardless of the tendon mvolied *7 Adequate
motion 1n the joints of the involied finger and a normal carcula
tion are essential It 1 preferable to have a sensitive finger but
if there 18 nerve damage 1t can be repaired at the time of the
tendon graft. At the tme of operauon scar tissue should be com
pletely removed If shin and subcutaneous tissue 1s not present
over the tendon injury 1t must be replaced with a flap graft
before tendon reconstrucion  The annular ligaments in the

[323]
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The profundus tendon s removed from the distal phalank
lcaving 1 small cuff of nsertion ntact to permit Approxrmation
The flexor digitorum profundus md sublims are removed from
the tendon sheath They are severed m the prosimal portion of
the palm so that the sulsequent anistomosns of the graft with
the prosimal cud of the tendon wiil he 1t 1 distance from the
digatal tunnel (Fig 156Db) The digital sheaths are excised exeept

b

Figure 156. Prindples of tendon
imal anastomosis placed away from
over proximal and middle phalangey

srafung (2) plan of lncisions (b} Prox
digital tunnel Annular ligaments left



824 The Hand Its Anatomy and Diseases

fingers are preserved as much as possible to prevent bow stringng
on flexzon but if they have been destroyed they can be recon
structed. The donor tendon 1s transplanted whenever posuble
with 1ts paratenon intact. The tendon graft 15 performed within
four to six weeks following injury since after this the fibrous
sheath collapses the muscles become fixed and contracted and
the tendons are frozen 1n position

The source of the tendon graft 15 usually the palmans longus
tendon when present. In a study of 1 000 hospital patients Rank
and Walefield 7 found the palmars longus present on both sides
1n 696 per cent of males and 71 2 per cent of females on the
right side only 1 68 per cent of males and 74 per cent of
females on the left side only 1n 7 per cent of males and 6.2 per
cent of females Both tendons were absent i 16 6 per cent males
and 152 per cent of females This tendon 1s obtamned by a
longitudinal inaision 1n the forearm taking care that the para-
tenon 1s removed with the graft.

Another good tendon source 1s the extensor longus tendon
to the second third or fourth toes which may be removed by
a curvilinear mnasion over the dorsum of the foot taling care
to remove the paratenon with the tendon Other sources of
tendons are the flexor digitorum sublimis of the njured hand
and rarely the peroneus longus and plantans tendons

The flexor tendons usually are approached mn a bloodless field
by an nasion on the lateral side of the finger and by a trans-
verse 1nasion 1n the palm along the distal palmar crease

Rank and Wakefield 7 use masions that permut a shin flap
to be developed which allows wider exposure and more meucu
lous dissection For the mndex and fifth fingers the naswon
along the lateral side of the finger 13 curved transversely m line
with the palmar creases proximally and across the pulp of the
termunal phalanx dutally The digital nerves and vessels on the
masion side of the finger are left dorsal to the incision but
those on the opposite side are carried 1n the shin flap For the
middle and nng fingers the proximal pole of the wmason 13
curved transversely wmn line with the proximal digital crease
Exposure of the tendons in the palm 15 obtained through the
usual transverse masion 1n the line of the palmar crease

(Fig 156a)
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The profundus tendon 15 removed from the distal phalanx
Ieaving 1 small cuff of insertion mtact to permit approximtion
The flexor digitorum profundus and sublinns are removed from
the tendon sheath They are severed m the proximal portion of
the palm so that the subsequent anstomosis of the gralt with
the proximal end of the tendon will lie at 1 distance from the
digital unmel (Fig 156D) The digatal shicaths are excsed except

b

Figure 156 Prinaples of tendon graftin,
imal anastomons placed away from digi
over proximal and middle phalanges.

g (3) plan of incslons (@®) Prox
tal tunnel. Annylar ligaments left
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for two annular ligaments over the middle and proximal phal
anges If this 1s not possible an annular hgament 1s constructed
using a portion of tendon Bunnells,* method 1s to place a shp
of tendon around the phalanx at the site of maxumum tension
and suture 1t as 2 nng This nng of tendon 15 shpped around
so that the sutures are on the bone side and a free smooth tendon
surface overlies the tendon graft. In the proximal phalanx the
slips of the flexor digitorum sublimis can be attached to the
fibrous remains of the digital tunnel and form a sansfactory
retaining ligament

The tendon graft 13 threaded through the preserved annular
higaments and the distal portion of the graft inserted nto the
distal phalanx through either a hole or bone flap Flynns*
method of anastompsis 15 quite satisfactory A No 0 plam catgut
suture 1s placed in the end of the grafted tendon and the two
strands of catgut threaded through dnll holes n the distal
phalanx and tied over a button on the dorsum of the distal
phalanx. To reinforce this suture a No 3 mlk suture attaches
the distal end of the tendon to the old profundus tendon The
mcision 1n the finger 1s closed, since 1t has been found that
attempting to suture the finger while 1t 1s held 1 the flexed
posiuon 15 awkward

The proximal suture 15 performed using No 3 silh with a
Bunnell zig zag techmique. If there 1s a great discrepancy n the
size of the tendons the tendon graft may be threaded through
a small shit in the proximal tendon and held in place with
several interrupted sutures The correct tension on the suture
line 13 of great mmportance koch? recommends shght tension
on the anastomosis site with the wrist flexed 20 degrees the
metacarpophalangeal joint flexed 30 degrees and the interphal
angeal joints shghtly flexed

Tendon grafts for the flexor digitorum pollicis mvolve the
same principles as those n the fingers The masion s made
on the ulnar side of the thumb and thenar eminence and 1n

-

Figure 157 Remulus from lengthening flexor digitorum profundus at wnst
and advandng 1t 1nto dmtal phalanx (A-top) good extension (B-bottom)
excellent flexion (Courtesy Dr  Anthony Zovickin)
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the winist. The tendon 1s removed from 1ts insertion 1n the distal
phalanx to above the wrist. This will give a proximal anastomosis
i an area where the pull of the tendon 1s in a straight Line
rather than where 1ts direction changes At the end of the pro-
cedure the wrist 15 flexed to about 45 degrees and the inter
phalangeal and metacarpophalangeal joints of the thumb flexed
30 degrees Instead of grafting a transfer of the flexor digitorum
sublimus of the ring finger to replace the damaged flexor pollicis
longus 1s a useful procedure

When flexor tendons of the thumb and fingers are severed
within an inch from their insertion into the distal phalanx
they may be advanced by lengthening the flexor profundus
tendon at the wrist or severing the tendon attachment of the
flexor pollicts longus and shding 1t along 1ts insertion The distal
tendon can then be inserted into the distal phalanx A recent
case 1s cited as an example of this prinaple A young man with
severed flexor profundus and sublimis tendons at the proximal
mterphalangeal joint of the finger was explored and after ex
cusion of the sublimis, the profundus was lengthened in the
wrist so that the severed proximal tendon could be advanced
into the distal phalanx. Excellent extension and flexion was
obtained (Figs 157 a and b)

Extensor tendon grafts are seldom necessary However 1f the
tendon to a finger 1s completely lost, 1t may be necessary to graft
using an extensor of the toe or the palmans longus The usual
extensor tendon 1njunes following burns and crushes involsve such
diffuse destruction of nssue that tendon grafung becomes a
minor part of the reconstruction If the extension contracture
of the finger 1s associated with a severe destruction of the joints
and skin 1t may be better to fuse the metacarpophalangeal joint
m 2 position of function If adequate shin coverage exasion of
collateral ligaments clevanon of the dorsal hood and stnpping
of the volar plates restores joint motion a tendon graft may be
mserted Following extensor tendon grafts the correct position 18
40 degrees domsal extension of the wrist 180 degrees extension of
the metacarpophalangeal joint and the fingers shightly flexed

Although tendon grafts as a tule are unsausfactory when
joints are ankylosed 1t may be possible to restore joint function
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Figure 158  Tendon grafung with simul
atennon (Dottom) Inir ﬂcxri‘gm Hmlaneats @pulectomy (Top) fie
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at the same time the tendon graft 1 performed if the contracture
15 hmited to jownt capsule and the joint surfaces are uninvolved
In a recent case a young man suffered a laceration of the pro-
fundus and sublunis tendons over the proximal interphalangeal
jomnt of the index finger associated with severe joint damage.
This joint became fixed at about 5 degrees of flexion with no
active or passive motion possible Three months following injury a
tendon graft was performed after a capsulectomy permitted good
passise jomnt motion He now has fairly good extension and
flexion (Figs. 158 a and b) The exception does not disprove the
rule howerer that in most cases joint function should be restored
before grafung 1s attempted.

After tendon grafung the hands are kept 1n the proper position
by a plaster cast for three weeks followed by removal of sutures
and institunion of physiotherapy

The patients mental drive and 1mative are of profound 1m
portance m the recovery of tendon grafts Occasionally a pauent
will be reluctant to put sufficient pull on a tendon to free the
adhesions along the sheath because of pain Graham* found 1t
useful to block the median or ulnar nene and thus promote
flexaon 1n the anesthetized finger

Boyes,'® analyzed 188 tendon grafts for flexor tendon damage
n the eniucal zone When there was no secondary joint damage
or scarming, he found that all could flex their fingers within 114
mches i the palm 90 per cent within 1 1inch 35 per cent within
1% inch and 10 per cent could completely flex the finger down
to the distal crease When there was joint or multiple damage
the results were not as good.

Ender ! reported 125 per cent failures 1n seventy grafts and
kmmonth * four failures out of twenty-one grafts Tendon gral
tng to the little finger 1s the least successful and for this reason
1t probably 1s seldom necessary and should not be done unless
there 15 a special reason such as the patient s occupation

TENDON TRANSTERS

The usual indicauon for tendon transfer 1s the restoration of
motion lost by a permanent nenve paralysis. Occasionally trans
fers are performed as a type of dynamic sphnting for prolonged



Tendon Recondiuciion AN

temporary nene palyy Tor ansance tollowmgz a radial nenve
mjury m the Ml wis Al finger extension mmght not form
for eighteen to twenty four months An cwrly tendon transter
could be done 1o teple the nanl coxh up dynamie sphinting
and msme better hnd functon when wd b secovery of the
nenve occurs Rarely tendon trnsfers are done m hien of grafung
10 replace damaged tendons

Radial Nenve Palsy

Tl poneer work on tendon transfer for loss of the extensors
of the fingers and thumb was done m the early decade of this
century with a resurgence of interest followimg World War 1112
The combined expenience of these authors plus the expenience
of the Hand Semvice at the Boston Cuy Hospital emphasizes
certain cardinal pomnts of this repair

The pronator teres senves as an adequate extensor ol the wnist
when 1t 1s tserted 1nto the extensor carpr rachahs longus (Fig
159) Gullerminet 3 believes that this muscle should be hxed
mta both radial wrise extensors sinee tusertion mito the extensor
arp fongus alone produces radhal deviation The flexor carpr
ulnans when transplanted dorsally serves as an adequate extensor
of the fingers This tendon 1s inserted obliquely through the
four extensors of the fingers with the fifth finger insertion moru
proxamal than that of the index finger It 1s esscnual that the
tendon etther insett nto the extensor communis tendons prox
mmaj to the dorsal carpal ligament or else the dormal carpal
hgament should be partially excised so that the suture lines will
not be fixed in this tunnel The separate movements of the
thurmb are carefully preseried n the transfer and the extensor
carpt ulnans which has passed through the extensor communs
diguorum tendons should end termanally 1n the extensor longus
pollicas tendon restoring thumb extension Abduction of the
thumb 15 restored by the anastomons of the palmans longus or
the flexor digitorum sublimus of the ning finger to the abductor
pollicis longus

1t 15 essenuial that one of the strong wnist flexors be retamned
to prevent flexion weakness of the wnst The author has seen
one case where all the wrist flexors were transferred to the back
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of the hand resulung 1n a severe hyperextension contracture of
the wrst

This operauon may be performed using several longitudinal
inasmons on the volar surface of the hand a curvilinear inaision
on the dorsum of the hand for msertion of the flexor carp: ulnaris
mto the finger and thumb extensors and a relatively small
longitudinal 1ncsion for mnsernon of the other flexor into the

EXT CARP!
RADIALIS

EXT COMM_DIG

ULNARIS

Figure 159 Tendon transfers for radlal nenve palsy
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abductor ol the thumb  The opeiation done i a bo»e't
held and At the oomduvion of the prxedute the trnam
on the tendon ana tomosts should be afhicient to keep the win
m 20 degrees domatlexion  the mclaraqnphalan:m’l punte X
tended and the mlcrplnhngcﬂ joints m about 15200 dezrees
fleston The thumb s held i extension and alxlurtion

The final 13y of rosults should take nto conuderanon no
only the range and power of cxtension ol the hingers thumb
and wnst but alo the minge md power of wnst and hinza
flexion *

For extensive palsies of the hand which nclude the Hexnr
muscles as well as the extensors 1t may be necovany to fuse the
wiist and utihze vanous wnst movers for tnnsfern In such
mnstances a tenodesis may be preferable Fhe oniginal tenodeus
of Perthes where the extensor carpt radialis longus and brevis
are cut above the dorsal carpal hgament and fixed 10 the pen
osteum of the radius has been unbhired m sevenl imstances 0
association with tendon transfen ¢

Qccasionally wsolated transfen of tendons are necesan o
restore individual losses. For example Burman ™ reports the
transplantation of the extensor carpt ulnans to the base of the
first metacarpal nto the abductor polhiais longus in the case of a
spastic hand where the thumb was drawn into the palm At the
same time he performed a stnpping of the thenar and adductor
muscles of the thumb Thus transfer mnay be of value m cases of
tsolated paralysis of the deep radial nenve To restore extension
and abduction of the thumb 1t may be useful to transfer the
extensor proprius ndicis into the extensor pollicis longus

Median Nerve Palsy

Although opposition and abduction of the thumb are both
essential to the proper function of the hand the loss of abduc
tion 15 the more serious defect, since this interferes markedly
with grasping The procedures useful restoning these essennal
functions depend upon whether or not the palsy 1 high or
low 1n the median nerve In the most common vanety the
median nerve is damaged low m the forearm gving a loss of
oppoution and abducuon but good flexion of the thumb and
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fingers The princaiples outlined by Bunnell ** are of paramoun
umportance for thus type of injury He believes that the tendor
transfer should pass subcutanecously 1in a hine between the meta
carpophalangeal joint of the thumb and pisiform bone The
sertiont of the tendon should be on the domal ulnar aspec
of the base of the proximal phalanx of the thumb and pas
directly over the summit of the metacarpophalangeal joint anc
not distal to 1t. It 15 well to remember that the metacarpophal
angeal joints of various individuals differ tremendously mn ability
to flex If a person has a relamely nigid metacarpophalangeal

ot Flexor Dig Sublimis
of 41k finger

Figure 160 Tendon transfer for median oerve palsy with los of opposi-
tion and abduction
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jomt the flesor digitorum sublimis tendon can be nserted on
the doral ulnar aspeet of the capsale and extensor mechanim w
the base of the proximal phalany However if a person hasa hyper
mobile metacupophalangeal jomt at s best to spht the tendon
of the flesor digitorum sublimns inserting onc hall prosimal to
the ot nd the ather disial to the jont on the dorsal ulnr
aspect otherwise one m1y obtam an mapaainng flexion ol
this joint when attempting abduction nd opposation

Vanous combmations of pulleys tendons and motors e
been used One of the most successful vanants of s operition
1s the one 1n which the flexor digitorum sublimas of the nng
finger 15 removed from it attaichment to the nuddle phalans
pulled owt through the wnst looped wwound the flevar carpy
ulnarss and brought subcutancously through a tunnel to be
mserted nto the proxamal phalanx of the thumb (Fig  160)
This 15 a very saushctory type of transfer (Fig 161) as has been
noted by most sutgeons 1 this ficld 127>

Figure J61  Restoration of oppasition and abduction by transfer of flexor

digitorum sublimus of fourth finger to dorso-ulnar aspect of metacarpopha
langeal pornt of thumb using flexor carpl ulnarls as a pulley
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fingers The principles outlined by Bunnell ** are of paramount
importance for this type of injury He believes that the tendon
transfer should pass subcutaneously 1n a line between the meta
carpophalangeal joint of the thumb and pisiform bone The
nsertion of the tendon should be on the dorsal ulnar aspect
of the base of the prowumal phalanx of the thumb and pass
directly over the summut of the metacarpophalangeal joint and
not distal to 1t. It 1s well to remember that the metacarpophal
angeal jownts of vartous individuals differ tremendously in ability
to flex If a person has a relatively ngid metacarpophalangeal

o~ Flaxor Drg Sublimis
of 4th finger

Flaxor Corpt Ulnoris

Figure 160 Tendon tramfer for median nerve palsy with Joss of oppos!
tion and abduction.
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ot the flexen digitorum sablimis tendon can be incerted on
the dotaal ulnat aypect of the caprule and extenar mechaniim at
the base of the prosimal phalans However if a petam hasa hyper
mobile metacarpophalangeal Jomt at s best 1o plit the tendon
of the flexor digrrorm sublimiy incerting one hall proximal to
the joint and the other distal to the gomt on the doral ulnar
aspect otheruwine one snay oltam an mapaataung flexion of
this jommt when anempting alxduction and oppoation

Vanous combmations of pulleyy tendons and motory hime
been used One of the most succesful vanants of thisy operition
1 the one 1 wlndh the flexor dignonm sublinis of the tng
finger 15 remavad from ats antachment 10 the mddle phalans
pulled out thraugh the wiint loaped tound the llexor carp
ulnans and brought subcutancomly thiough a tannel 1o be
mserted o the proximal phalans of the thumb (Fig  160)
s 15 a very matnfcton type of transfer (Fig 161) as has heen
toted by most surpeons i s freld * 77

Figure 161
digitorum
ll.ngea[ o1

Restoration of oppasition and abduction by transfer of flenor
sublimis of fourth finger to dorso-ulnar aspect of metacarpopha
nt of thumb using flexor carpi ulnans as a pulley
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Thompson * describes another operation for opponens paralysis
m which the flexor digitorum sublimis tendon 1s removed
through an 1nasion 1n the palm after secioming 1t at the base
of the ning finger An inasion 1s made on the dorsal surface of
the praximal phalanx of the thumb and the fexor sublims
tendon 15 brought through a subcutaneous tunnel across the
thenar eminence The tendon 1s split longitudinally and one end
1s wnserted 1nto the distal end of the metacarpal of the thumb
and the other into the proximal phalanx. harklin and Thomas *
believe the Thompson operation s especially suitable when
there 1s scarning over the distal half of the forearm which would
prevent a tendon transfer in this area Another point concerning
this transfer deemed necessary to mention here 1s that loss of
opposition and abduction of the thumb results in two different
types of weakness the mability to abduct the thumb for grasping
and adducting and opposing the thumb against the fingers The
author believes the hand should be evaluated for 1ts main purpose
and the funcuon most severely destroyed restored For example
1f the patients occupation requires abduction of the thumb as
the primary need the Bunnell procedure 13 indicated. However
if lus occupation mvolves the pinch of the thumb against the
fingers the Thompson procedure would restore this function
best

Goldner and Irwin * analyzed various procedures of value for
paralysis of the thumb parucularly when 1t 1s associated with
other problems 1n the hand For instance 1if some of the extrinsic
strength of the thumb 1s musing 1t must be restored before the
opponens operation 1s done 1f the extensor polhicis longus 1s
weak the extensor carpr radialis longus can be sutured to 1t
In the flexor polhcs 1s weal the flexor digitorum sublimis
of the index or middle finger can be sutured 1nto the tendon at
the wnst. If the thumb has been lacking abduction and opposition
for any length of time an adduction contracture will take place
which may require capsulotomy of the metacarpophalangeal joint
of the thumb cutting of the fascia between the first and second
metacarpals stnipping of the first dorsal nterosscous from the
first metacarpal bone division of a contracted adductor pollicis
muscle at 1ts point of msertion and capsulotomy of the carpometa
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rpal jomt 1M the arpometicarpal 18 hypermotile 1t may be
necossary 1o fuse 1t before the flexor sublimis transplanauon 14
performed

When the median nerte palsy 15 Jugh so that the flexors of
the ndex finger and thumb are paralyzed  the previously
mentioned procedures are of no avul Flexon of the index nd
middle fingers can be obtaned by sutunng ther tendons to
the deep tendons of the fourth and hifth fingers Brooks ™
found that lateral hitclung of the paralyzed tendons of the index
finger to adjacent non paralyzed tendons wis unnersally un
successful and beheves that for this part of the transfer the deep
flexor of the mng finger should be sutured directly to the
deep flexor of the mdex finger Flexion of the thumb can be
obtained by sutuning the cxtensor carpr longus to the flexor
pollicis longus Oppositon may be restored by a bone block
or tenodesis between a rerouted extensor polhicis brevis and
patmarss longus using the flexor carpr ulnans as a pulley

If the forcarm muscles are too weak for transfer a stabihizatton
procedure will be nceded However good flexion of the fingers
and relatively strong alduction of the index finger are essential
for a useful grasp and pinch Although an arthrodesis of the
arpometacarpal joint may restore the angle between the first
and second metacarpals the most popular operation appears to
be 2 bone block between the first and second metacarpal

Brooks T descnibes a bone block which he performed 1n s
teen cases as follows

“Two cuned casions are made over the firmt and second
metacarpals so that the scars do not overhie the graft at any
pomnt. The shafts of the metacarpals are exposed subpenosteally
and f there 15 any contracture of the adductor pollicis the muscle
1s divided at 1ts insertion and full passne correction obtained
The termnal part of the radial artery 15 not exposed deliberately
nor indeed should 1t be seen A narTow osteotome 15 passed across
the space deep to the fint domal interosseous muscle so that 1t
lies over the middle of the shaft of each bone the thumb 15 then

placed n full palmar abduction and the length of graft required
18 noted
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Thompson * describes another operation for opponens paralysis
i which the flexor digitorum subhmis tendon 1s removed
through an nasion m the palm after secttomng it at the base
of the ring finger An incasion 1s made on the dorsal surface of
the prowumal phalanx of the thumb and the flexor sublimus
tendon 1s brought through a subcutaneous tunnel across the
thenar emunence The tendon 15 split longitudinally and one end
18 1nserted into the distal end of the metacarpal of the thumb
and the other mto the proxamal phalanx. Kirklin and Thomas,®
believe the Thompson operation 1s especially switable when
there 1s scarring over the distal half of the forearm which would
prevent a tendon transfer in this area Another pomnt concerning
this transfer deemed necessary to menuon here 1s that loas of
opposition and abduction of the thumb results 1n two different
types of weakness the inability to abduct the thumb for grasping,
and adducting and opposing the thumb against the fingers The
author believes the hand should be evaluated for 1ts main purpose
and the function most severely destroyed restored For example
if the patient s occupation requires abduction of the thumb as
the primary need, the Bunnell procedure 1s indicated However
if his occupation mmvolves the pinch of the thumb against the
fingers the Thompson procedure would restore thus function
best.

Goldner and Irwmn ** analyzed varnous procedures of value for
paralysis of the thumb particularly when 1t 15 associated with
other problems m the hand For instance 1f some of the extrinsic
strength of the thumb 1s musing 1t must be restored before the
opponens operation 1s done If the extensor polhas longus is
weak the extensor carpr radialis longus can be sutured to 1t
In the flexor pollicis 15 weak, the flexor digitorum sublimis
of the index or middle finger can be sutured into the tendon at
the wrist. If the thumb has been lacking abduction and opposition
for any length of nme an adduction contracture will take place
which may require capsulotomy of the metacarpophalangeal joint
of the thumb cutung of the fascta between the first and second
metacarpals, stripping of the first dorsal interosseous from the
first metacarpal bone division of a contracted adductor pollicis
muscle at 1ts pomnt of insertzon and capsulotomy of the carpometa
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Ulnar Paralyss

Loss of the mterosser and lumbrieals 1esult i the claw m
mtrnsic mpus hand  Fhere 1s 2 flexton contracture of the
wterphalangeal jotts and w estension or hyperestension post
ton of the meticarpophalingeal jons Wath lesions molung
the ulnar nere alonc this deformnty ffects only the fourth nd
fifth fingers howeser with the combmed medin and ulnu
nene pamlyns at amolbes All four fingers  Extension of the
distal wnd proximal wterphalangeal Jomts can be performed
by the extensor communis tendon through ns action on the
lateral bands if the proxomat phalnges are held m shgin Geuon
ot if the wrst 1s flexed On the other hand if the metacarpo-
phalangeal joints or the wnst arc held m extenston the extensor
tendans have httle affect on cxtension of the distal phalanges
If contracuion of the meticarpophalangeal joints occurs so that
hyperextension 15 impowible the claw deformaty 15 Jess obvious.
This 15 also true if the nerve lesions responsible for the claw
deformity are high enough to paralyze the flexors of the fingers.
If there 1s no contracture of the long flexors of the fingers a
tendon transplantation 1s advantageous In most cases the
Bunnell 2 procedure has given the best results In this operauon
the flexor digitorum sublimis tendons are removed from therr
nsertions 1n the middle phalanx withdrawn from the palm
sphit, and passed through the lumbrical canals to be attached to
the lateral bands of the fingers The split strands from each
tendon should go either to the radial or ulnar side of the fingers
so that lateral motion of the fingers 1s possible Fach finger
should have at least one tendon attached to 1t The hands and
fingers ars splinted for three weels with the wrist 1 flexson
Dunng the fourth week light mouon 15 begun followed by
physiotherapy
Brand ® modified this operation 1n restonng lunction to hands
paralyzed by leprosy Through an mcision made on the radsa)
nde of the imolved fingers (Fig 162A) the sublimis tendons
are divided and then withdrawn through a palmar inasion (¥,
162C) He uses the wmdex finger tendon for the radial :
side of the
mdex finger The long finger tendon 15 split one half 15 used for
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“The ulna 1s exposed subpenosteally through a three inch
vertical incision over the lower third of the subcutaneous border
and a graft of the required length 1s cut with a2 motor saw Tlus
gives 2 piece of bone that 15 D-shaped 1n crosssection and mather
more than a centimeter 1n width The mnasion 1s then closed

“The graft 1s pas.ed across the nterspace and with the thumb
i full abduction and rotanon the hines of bone resection are
marhed on the metacarpals with particular attention to obtain
1ng maximal rotation of the first. Saw cuts are then made so that
the edges of cach bed are shightly undercut steps about half
the diameter of each bone are removed. It 1s iamportant to ensure
that the beds for the graft are i the same plane when the thumb
15 1n full oppostuon.

“The gratt 1s then dnven 1n from one end because of the shape
of 1ts crosssection 1t 1s held snugly 1n the slots and rotanon 15
controlled at once. Two dnll holes are made through the graft
and metacarpal at each end and chromic catgut sutures are in
serted to mamntain full abduction. The ends of the graft are
trrmmed to leave no rough surfaces When subluxation of the
trapezio-metacarpal joint 1s present, as may OCCur in young
patients after poliomyehus, the jont may be exased

Closure 1s effected by skin sutures only and a plaster-of Pars
cast 1s applied Three weeks later the stitches are removed and
a closely fiting plaster 1s applied for a further pentod of ten
weels maling three months o all

In this senes there were only two failures 1n the enure group
It 1s 1nteresung that five grafts failed to fuse at one end but this
did not affect the function very much As 2 matter of fact a
pseudoarthrosis developed m one patient which seemed to help
the funcuon of the thumb Brooks believes thatif there 1s any
doubt about the benefit derived from such an operation a tral
plaster fixation of the thumb in the position of function might
be indicated A similar mal using hinchner wire to impale
the metacarpals would be of value Smillie® uses a harschner
wire that transfixes the bone block lengthwise as well as 1m
paling the metacarpals thus fixing this fusion without the use
of a plaster-of Parts cast. This 1s left 1n place for eight weehs
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the long tinger and one half for the ring finger  The fifth tendon
1s used only for the fifth finger thus saving the ring finger sub-
Jumus for use 10 restorng oppasition to the thumb As exch tendon
1s brought through the lumbrical canal a shit 1s made mn the
lumbrical tendon The transferred tendon 15 passed through
tins aperture and sutured to the dorsal edge of the extensor
expansion just proximal to the interphalangeal jomnt (Fig 162D)

Riordan * reports the use of a tenodesis operation n similar
cases based on the Fonler prinaiple (Fig 163) 1f the metacrpo-

Ext Indicis Proprivs

Figure 163 Fowler procedure for paralyss of intcrosscous and lumbrical
muscles. Slip of extensor indias proprius or extensor digitt quinti proprius
1s threaded between metacarpals and arried anterfor to transverse metcarpal
ligament and nserted 1nto lateral bands of extensor apparatus.

phalangeal joint 1s stabihized 1n the position of slhight flexion
the extensor communis tendon will be able to extend the distal
joints He splits the extensor indicis proprius nd the extensor
digat1 quinti proprius mto two strands and each ship 1s then
passed through the interosseous space antertor to the transverse
metacarpal ligament and inserted 1nto the radial side of the
extensor apopeurosis  In cases where there 1s not sufficient
strength 1 the extensor muscles Riordan devised his own method
where one half the extensor carpt radialis and extensor carpt
ulnans 1s spht from one thurd the distance above 1ts nsertion
and left attached to the metacarpals Each of these strands 1s
sphit . two and are routed through the interosseous space to
the radial side of each finger anteror to the transverse meta
carpal higament. The hand 1s mobihized m a pressure dressing
for three weeks with the wrist in dormflexion the metacarpo-
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Figure 162. Tendon tramsfer to restore intervsseous and lumbrical muscle
funaion (A) Incizton on Radial Aspect of Finger through which (B) The
Sublimls Tendon 1s Inased (C) Palm Inchion through which the necessary
Sublims Tendons are withdrawn and re-routed distally through Lumbrical
anil (D) Suture of Sublimis shp to Lateral Band.
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flexors To restore opposition of the thumb the extensor polhas
brevis tendon 1s detached proximally transplanted subcutine
ously and sutured to the extensor carpt ulnaris which 1s trns
planted around the ulnar side of the forcarm

An occasional paralysis secondary 10 brachial plexus myjury os
direct destruction of the muscle belly occurs where the wrist
flexors are intact but the finger flexors paralyzed To repair this
condition the flexor carpt radialts s transferred to the finger
flexors. Phalen and Miller # believe that extension of the wnst
and flexion of the fingers 1s a morc associated movement than
flexion of the finger and the wnist hence the transfer of the
extensor carpt radiahs longus nto the flexor profundus tendons
15 more suntable

The prinaple of tenodesis may be of value 1n salvaging hands
that have a loss of fleston but good extension Wilson ¥ reviened
tlus problem and found that i certain nstances—a tenodests
of the flexor profundus tendons and the flexor polhas longus
to the radius together with a tenodests of the proximal end
of the extensor pollicis brevis into the distal and volar end of the
ulna will restore opposition and flexion on extending the wrist

There 15 a combined deformity of wrist flexion and pronation
i various spastic obstetrical palsies In these cases the wrst
1s held 1n a flexed posinon and the hand has a poor grasp
Green *° found transplantation of the tendon of the flexor carp:

ulnaris into the extensor carpi radialis longus to be quite effectrne
mn correcting the deformuey

Tendon Damage

Tendon transfers occastonally are performed m place of grafts
When a flexor polhas longus tendon has been mjured along
s proximal digital tunnel and repair 1s unsuccessful the flexor
digitorum sublimis of the ring finger 13 severed near its inser
uon through a small transverse masion over the proxamal
phalanx It 1s then brought out through a wrnst wnasion and
threaded along the tunnel of the excised flexor pollias longus
and serted mnto the distal phalanx. Fixation 1s mamntamed for

three weeks with the wrist at 120 degrees flexion and the thumb
tlexed and adducted
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phalangeal joints in flexton and the distal phalanges 1n extension
Following this the cast 13 removed and active motion begun
The operation appears to be most successful when there 15
marked hyperextension of the metacarpophalangeal joint.

Another function of the interosser other than flexion and
extension of the joints of the finger 13 stabilization of the meta
carpal arch® When these muscles are paralyzed, there 1s a
tendency for the thenar and hyperthenar eminence to flatten
and for the metacarpal arch of the hand to disappear This
function 1s restored by placing a band of fascia between the
second and fifth metacarpals thus restoring the arch and anchor
ing the bones together This improves the grasp of the hand
by a check rein action.

Paralysis of the first dorsal interesseous either as a part of a
generalized ulnar nerve deformuty or due to locahzed trauma
results 1n a weak or absent pinch To restore this function
several tendon transplants have been advocated The most com
monly used are a transfer of the extensor indicis proprius nto
the first dorsal inte1osseous the use of a short tendon graft placed
mto the lateral tubercle on the radwal side of the proxumal
phalanx of the index finger or the short extensor of the thumb
may be transferred mto the tendinous portion of the first dorsal
mterossecous muscle near its msertion %2 The hand 18 placed
m a plaster splint with the proximal jount of the index finger
held m extension and shight abduction Physiotherapy 1s begun n
three or four weeks Graham and Riordan 37 transfer the flexor
digitorum sublimus of the ring finger rerouting it subcutancously
around the radial surface of the wmist and over the anatomucal
snuff box to the rudial side of the proximal phalanx of the
ndex finger where the tendon 1s mnserted cither into the bone
or the extensor sleeve

Combined High Paralyses of the Median and Ulnar Nerves

These deformities will require a wrist fusion and transfer of
extensor tendons to restore flexion Luckey and McPherson
found the following combinauon of transfers satisfactory They
transplant the brachioradialis into the flexor polhiais longus
and the extensor carp: radialis longus and brevis into the finger
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Hexon. To restore opposiuon of ihe thumb the extensar pollects
hrevis tendon 1s detached prosinlly trinsplanted snbcutane
ously and sutured to the extensor carpt ulnars winch s trns
planted around the ulnar side of the forcarm

An occastonal paralysis sccondary to brachitl plevus injury o1
direct destruction of the muscle belly ocenrs where the wrist
flexars are mtact but the (nger flexors paralyzed To repair tns
condition the flexor carpr radsahs 1s transferred to the finger
flexors Phalen and Miller ™ behieve that extension of the wrist
and flexion of the fingers ts a more 1wsoaated mosement thin
flexton of the finger and the wnist, henee the tmnsfer of the
extensor carpt radiahs Jongus mto the flexor profundus tendons
1s more suitable

The prinaiple of tenodests may be of value in salvaging hands
that have a loss of fleston but good extenston Wikson ® reviewed
tlns problem and found that in certamm mstances—a fenodess
of the Mexor profundus tendons and the flexor polhoss longus
to the radius together with a taiedesis of the proxumal end
aof the extensor pollics brevis into the distal and volar end of the
uina will restore opposiion and flexion on extendmg the wnst

There 15 a combined defornmty of wrist flexion and pronition
In vanous spastic obstetrical palsies In these cases the wnst
18 held 1 a flexed position and the hand has a poor grasp
Green * found transplantation of the tendon of the flesor carpt

ulnans o the extensor carpr radialis longus to be quute effective
in correcting the deformity

Tendon Damage

Tendon transfers occanonally are performed 1 place of grafts
When a flexor polhicas longus tendon has been mjured along
tts proxumal digital tunnel and reparr 1s unsuccessful the flexor
digitorum subhmis of the ring finger 18 severed near its inser
ton through a small transvemse ncision over the proximal
phalanx It 13 then broughe out through a wrnt ncasion and
threaded along the tunnel of the excised flexor polhas longus
and inserted 1nto the distal phalanx Fixauon 15 maintamned for

three weeks with the wrist at 120 d fl
flexed and adducted carees flexion and the thumb
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CHAPTER 20

BONES AND JOINTS

FRACTURES

Followmg fractures bone reconstrucuon may be necessary for
deformity loss of substance and nonunion Generally deformity
may be corrected by ostcotomy loss of substance by bone graft,
and nonuron by bone grafung or exasion of mvolved bone
if 1t will not 1mpair the function of the hand

Deformaty of the fingers usually requires correction when 1t
mterferes with grasping or clenching the fist It 1s corrected by
ostecotomy tealignment of the bone and either internal or
mtra medullary fixation Even the distal phalanx may require
reparr  Kelikian ! reports the case of a violimist who suffered
a fracture of the distal phalanx of his mddle finger which
resulted 1n healing with radial angulation Consequently the
pattent could not play his violin and an osteotomy was necessary
to restore the bone to 1ts proper postion so that he could re
sume his profession

Metacarpal fractures that have angulated into the palm so that
they 1nterfere with the function of the underlying tendons
sumilarly will need re-operation with osteotomy and restoration
of proper alignment Malunton of a Colles fracture may be
treated 1n the first two months by mamipulation after exasion
of the head of the ulna A more prolonged deformity will require
an osteotomy of the radius 1n addition to exasion of the sub-
luxated head of the ulna

Loss of substance 1s most often a problem 1 the metacarpal
bones and can be repaired by bone grafting The source of the
bone graft may be either the tibia or the 1hac crest The graft
15 fashioned to the proper shape and after exasion of the scar
tusue 1s 1nserted in place For defects in the proximal portion
of the metacarpal bone the graft 15 doweled mto the distal

[%18)
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fragment nd recessed nto the carpus at an angle ol approximate
ly 30 degrees  Delects of the distal portion of bone should have
a gralt inserted mto the proxuml portion and fused with the
proumal phalan at a 30 degree ngle Crmbum and Riordan ¥
use the fifth metatarsal bone to supply adequte articular surface
so that mobility of the meticarpophalangeal jomnt can be sal
vaged The bones may be fived with hirschner wires It tales
about two months for successful fuston of these grafis When
prolonged 1mmobilization 1s necessary 1t 13 Wiser to immobilize
only the mnvolved ray 30 as 1o heep mobihity of the adjacent joints
Loss of the tlurd or fourth fingers may cause the remaining
metacarpal bones to migrate toward cach other produang a
rotation deformuty of the fingers on attempted flexion It may be
necessary to cut the lateral bone transversely at its base and move
it internally to the base of the amputated metacarpal 42

Nonunton of the navicular 1s the most common nonunion
the hand and us treatment 1s varied When both the bone frag
ments are rarified 1t 1s possible that prolonged immobilization
will lead to umon In many cases of delayed healing bone
grafting 1s necessary and few people can aspire to the results
obtamed by Murray® when he obtamned ninetyso. untons out
of 100 cases He points out that the bone graft must be large and
placed not only through the distal fragment, but well into the
proximal fragment Dunng the operation the arucular cartilage
of the bone should not be disrupted 1f one wishes to avoud
osteoarthriis The two [ragments should be firmly impacted
against each other After the procedure there 1s sphinting of the
wrust so that all the metacarpals and phalanges including those
of the thumb are immobilized with the hand 1 the position
of function This sphnung 1s continued until there 1s X ray
evidence of union usually seen at a mummum of about ten
weeks Murray used cortical bone which can be chuseled into
proper shape for s grafts When there 1s evidence of osteo-
arthritis in the wnst an arthrodests of the wrist jomt will be
necessary

Bennett s tracture occasionally results 1n nonunion with weak
ness of grip pain on use of the thumb swelling of the carpo-
metacarpal joint and a domsal prominence on the proximal end



CHAPTER 20

BONES AND JOINTS

FRACTURES

Followmg fractures bone reconstruction may be necessary for
deformity loss of substance and nonunion Generally deformuty
may be corrected by osteotomy loss of substance by bone graft
and nonunion by bone grafting or exasion of mvolved bone
af 1t will not impair the function of the hand.

Deformuty of the fingers usually requires correction when 1t
nterferes with grasping or clenching the fist. It 15 corrected by
ostecotomy Te alignment of the bone and either intemnal or
intra medullary fixation Esen the distal phalanx may require
repair helduan? reports the case of a violinist who suffered
a fracture of the distal phalanx of his middle finger which
resulted mn healing with radial angulation Consequently the
patient could not play hus violin and an osteotomy was necessary
to restore the bone to 1ts proper posiuon so that he could re
sume his profession

Metacarpal fractures that have angulated 1nto the palm so that
they interfere with the function of the underlymng tendons
sumilarly will need re-operation with osteotomy and restoration
of proper alignment Malunion of a Colles fracture may be
treated 1n the first two months by manipulation after excision
of the head of the ulna A more prolonged deformty will require
an osteotomy of the radwus 1n addition to excision of the sub-
luxated head of the ulna.

Loss of substance 15 most often a problem 1n the metacarpal
bones and can be repaired by bone grafung The source of the
bone graft may be either the tibra or the ihac crest. The graft
1s fashioned to the proper shape and after exasion of the sar
tissue 1s tnserted 1n place For defects it the proximal portion
of the metacarpal bone, the graft 15 doweled into the distal

[318]
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fomn of arthroplasty 1s mndicated provided the skin and soft
ussues are 1 good condiion  Luther the metacarpal head or
proximal centmeter of the proximal phalanx s resected and a
strip of fasaia sutwied over the proximal bone so that sts ghding
surface faces the flexor and extensor tendons around the jmnt
A nylon or acrylic prosthiesss to replice the meticarpal head has
been successfully used 11

Metacarpophalangeal (humb jomt  Habnl subluxation of
this jomnt 1s a farly frequent condition It may be repaired
by a fascra lata graft reinforang the antertor surface of the
metacarpophalangeal jont of the thumb =1

Interphalangeal yornt Contracture of the proximal and distal
mterphalangeal joints otlers a more difficult problem 1 recon
struction  Generally anhrodess mt a postion of function s
necessary with the proximal jont held at about fifty degrees
flexson and the distal interphalangeal joint at about thirty degrees
flexion However recent invesugation of capsulectomy and arthro
plasty has been undertaken by several surgeons Curtis ' reports
a series of capsulotomies for interphalangeal contracture He
removes the lateral collateral lhigament and injects  hydro-
corusone acetate 1nto the affected joint A fine karschner wire
15 mtroduced to marntatn the fingers in flexion and 1s removed
n five 10 seven days The author finds that 1f the only hmiting
factor 15 the capsule a capsulotomy gives good results On the
other hand 1f 1t 15 necessary to free the extensor tendon or
periorm a tenotomy of the interosser in addition to the cap-
sulotomy the end result 1s not as sausfactory Carroll and Taber?
report a senies of thirty arthroplasties of the proximal nterphal
angeal jomnts They use a mudlateral mcision elevating the perk
osteum from the bone severing the capsular attachments and
removing the distal third of the proxmmal phalanx. The wound
13 closed and the finger placed in the posiion of function
Elastic tracuion 15 maintained for six weeks by a Kirschner wmre
passed through the middle phalanx following which the patient
begins use of the finger There were sixteen good and nine fair
results in these cases Although it 13 generally behieved that this
operation produces an unstable joint 1t 15 not the experience
of these authors. They did note however that firm direct pres
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of the first metacarpal. A repair of this necessitates an open
reduction with separation of the malunited fracture site and
sutuning of the fragments mto pusition umng erther wire, fascia
or nonabsorbable suture This 15 maintained 1n a plaster cast with
the thumb abducted and some pressure over the base of the fint
metacarpal as one would do for a fresh Bennetts fracture7®

JOINT RECONSTRUCTION

Jomt capsules may become thickened and shortened due to
atrophy disuse edema or nflaimmation Since the collateral
ligaments of the finger jomts are lax on extension and taut on
flexion 1t 18 obvious that when these are contracted the joints
will be fixed 1 extension The volar poruon of the head of the
proximal bone becomes adherent to the anterior capsule thus
further blocking flexion of the jomnt. Occasionally a jownt will
fix mn flexion m which case the antenor capsule 1s markedly
foreshortened

Metacarpophalangeal finger joints If x rays reveal the cartilage
to be preserved contracture of these joints may be fairly success
fully treated by capsulotomy Through a longitudinal mcision
on erther side of the affected jont the collateral ligaments are
approached by retracting the overlying tendon digital vessels and
nerves and interosseous tendons The collateral ligament 18 1n
cised flush at 1ts 1n.ertion proximally and distally and completely
removed If passive mouon reveals msuffiaent flexion the an
terior capsule 15 explored and if 1t 1s adherent to bone 1t 13
freed by blunt dissection A transverse masion of the capsule
15 not done because subluxation may occur and there may be a
greater degree of ankylosis than before operation Fowler ® states
that subluxation of the extensor tendons may take place on
tlexion of the joints which will lead to failure of the operation
When this occurs either the lateral expansion of the extensor
tendon on the mde of subluxation 1s sectioned or the lateral
expansion on the opposite side nghtened Following surgery
the metacarpophalangeal joints are held in flexion for three
weeks either by splinuing or traction after which gradual motion

1s Tesumed
If the metacarpophalangeal jomnt surfaces are destroyed some
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sure by the reconstructed digit was impossible Vard ! reports
the nstallation of an acrylic prosthesis replacing the head of the
proxamal phalanx with return of complete function of thus joint

Carpomelacarpal thumb joint Contracture of this jomnt may
be relieved by a capsulotomy However since 1t 1s usually assoc1
ated with an adduction contracture of the thumb addiuonal soft
tssue procedures will be necessary

A chromc subluxation of this joint may occur which 1s repaired
by reconstructing the destroyed capsule with 2 fascia lata grafe.*
An arthrodenis may be necessary in such a case 1f the navicular
bone moves normally However if the navicular bone 1s ankylosed
mn the carpus this will give nse to a thumb with marked
limitation of motion

Kestler 1® reporis on the repair of subluxation of carpometa
carpal jomnts Dnll holes are made through the base of the
first metacarpal and greater multangular The tendon of the
extensor pollicts brevis 1s divided proximal to the multangular
and threaded through the dnll holes and sutured to 1ts cut
proximal end The thumb 1s held 1n abduction for three weeks.

The carpometacarpal jomnt of the thumb 13 a common site of
osteoarthritis. Climical features of this disease include pain about
the base of the thumb Occasionally crepitanon may be felt
on moving the jomt X ray will show narrowing of the joint
space subchondral condensation of bone lateral subluxation
osteophyte formauon and deformanon of the medal and distal
angle of the multangular Gervis!' treated a series of twenty
cases by exasion of the multangular bone The pain always has
been rehieved but the functional result often s poor simce the
thumb 1 weak Muller 1* advises arthrodesis for tins disease The
bones are exposed and a narrow slot 13 cut 1n the first metacarpal
and multangular The capsule synovial membrane and joint
surfaces are excised The bones are fitted together accurately and
a small ubial or 1hac graft 13 skidded mto the slot 1nd nghtly

impacted
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CHAPTER 21
ISCHEMIC MUSCLE CONTRACTURE

In:hmma of the forearm or hand even 1if temporary may result
1n destruction of muscle with subsequent fibroms and contracture
Volhkmann was the first to delineate this condition 1n the forearm
and Bunnell the first to clanfy 1t i the hand.

Volkmann s constracture most commonly follows a supracon
dylar fracture of the humerus or fracture of the bones of the
upper forearm, but 1t may occur after any severe trauma to the
elbow region It has been seen following penipheral embolism
Although this entity first was believed to be caused by venous
obstrucnon 1n the antecubtal fossa 1t 15 now generally conceded
that the most important factor 1s artertal msufficency 2

The chinical picture begins with pain i the forearm and
hand associated with edema and cyanosis. Hypesthesias and
paresthesias may appear n the distribution of the median or
ulnar nerves Ihe radial pulse usually 15 absent and 1s common
ly mentoned as a characteristic sign However Blount,* clearly
emphasizes that the tmportance of the radial pulse has been un
duly stessed The pam cyanoms and swelling are indications
for release of the degree of flexion of the elbow even if the radial
pulse 15 present. If the condition 1s not remedied during the first
few days the pain cyanosis and swelling persists and blebs appear
mn the shin with or without associated shan sloughing In time
the claw hand deformity becomes evident with atrophy of the
forearm and numbness of the hand. The contracted muscles
may produce a severe flexion deformity of the fingers (Fig 164)
so that little extension 1s possible In other cases varous degrees
of shortening occur For instance extension of the fingers may
be possible 1t the wrist 15 flexed (Fig 165) A marked pronation
contracture may occur

Nerve lesions are due to 1schemia * The nerve 1s shnvelled and
hard and all the structures are replaced by a dense mass of collagen

[3$3°1
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Frgure 164 Volkmanns Contracture. \trophy of soft tissue of hand plus
severe contracture of flevor tendons.

Tigure 165 Vollmanns Contracture Less marked shortening of flexor
tendons Fingen can be extended §f wrist §s fleaed.
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Treatment should be started as soon as pawn cyanosis and
edema are evident. It the elbow fracture was treated by acute
tlexion the elbow 15 extended to see 1f the radial pulse will
return and the pamn edema and cyanosis subside A supracon
dylar fracture may be immobilized by a Kirschner wire placed
through the olecranon or by open reduction If the change in
position does not restore the arculation the antecubital space
18 explored to examune the brachial radial and ulnar artenies
The arteries may be constnicted tom thrombosed or caught
between bone fragments and f they are placed tn their normal
bed and are sull constricted tus area of artery 1s resected
Crystal reports a case 1in which a thrombectomy was performed
twenty hours following mnjury ¢ Circulation was restored with an
almost complete cure Dorsal sympathectomy may be of benefit
also

Another method of treatment of the acute condition 1s by
immediate operation on the forearm and excision of necrotic
muscle It 1s believed that this may prevent the contracture thus
decreasing the disabihity However the difficulty here 15 that one
cannot be sure that such muscle will not regenerate For example
Horn and Sevitt,” followed the regeneration of 2 ibialis antenor
muscle by muscle biopsy for weeks following a rupture of the
popliteal artery At the beginmng the muscle was brown dry
friable and quite avascular Histologic section of this muscle
nineteen weehs after 1njury showed necronic muscle with absence
of nucler and discordal fragmentaton A second biopsy fifty
seven weeks after tjury showed no necrotic muscle 1n the section
A regenerauon of musele tool place pointing out the regenera
tine power of human muscle and presenung the problem of de
ciding which muscle to exase at the nme of imnal surgery
Gnffiths,® suggests that perhaps the response to 1ntravenous
curare or the permstence in the muscle of mjected radioactine
substances might be a useful gmde.

Fontaine ef al* found that in expenmental Volkmanns con
tracture sectioning ot the peripheral nenes greatly reduces the
strength of the contracture They belhieve that injecting nove-
cain nto the region of the muscle contracture may help by per
mntting estension of the contracted muscle mass
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For the late condition a long penod of phystotherpy with
dynamtc sphinting to overcome the contracture should be fol
lowed Efforts should be made to restore motion m all the joints
ol the hngers hand and wnst If this 1s not sufficient to over
come the deformity some operative procedure may be necessary

Tendon lengthening 1s one of the standard procedures at ths
stage Through an antero-lateral masion - the forcarm the
skin and fasca are divided to expose the superficial and deep
flexor muscles and tendons An cffort 1s made to remote as
much scar tusue 15 possible after freemg the nenves and tendons
from adhesions Stripping of the flexor digitorum profundus
flexor polhinis Jongus and flexor digitorum sublimis from therr
ongin with advancement along the forearm may be done ' 1f
thus does not permut adequate extension of the fingers two oblique
masions are made two centrmeters apart threequarters of the
distance across the tendons and the tendons stretched If there 1s
a Hexion deformuty of the elbow a capsulotomy of the elbon
jomnt may be benefimal Section of the pronator teres and quad
ratus may be necessary to permit supimatton

Mallet-Guy * describes a tendon transfer which he finds use
ful An incsion 1s made n the forcarm and the deep flexors
of the fingers are cut Another inciston s made 1n the palm and
with the fingers flexed as much as posstble the superficial tendons
are cut. When the fingers are cxtended to thewr fullest the
profundus tendon 33 cut agam and the distal profundus tendon
sutured to the proximal superficial tendons

Parhes 12 describes another tendon transfer 1n which the flenor
carp radialis palmans longus and flexor carpi ulnans are com
pletely divided at the wrist to pernut dorsiflexion The tendons
of the flexor digitorum sublimus are resected and the tendons
of the flexor digitonun profundus divided high enough above
the wrist to avoid retraction of the distal stump 1nto the carpal
tunnel when the fingers are fully extended The flexor polhicis
longus 1s similarly divided to permit extension of the thumb
The tendon of the extensor carpt radialis longus 1s divided at
its insertion and freed for a consuderable distance from the
extensor carpr radialis brevis This muscle with its tendon 1s
1erouted m as strught a line as possible from 1ts onigin to the
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front of the wnst where it 1s buttonholed through the four
tendons of the flexor digitorum profundus and fixed in the
usual way Correct tension 1s made at the suture line to be
sure that full advantage 1s taken of wrist movement Tlns opera
tion 15 actually a tenodesis which restores flexion of the fingers
by means of the trick movement of domflexion It 15 interesung
that the lack of voluntary power of the thumb produced by the
operation causes no material disability provided there 1s active
opposition of the thumb

In long standing deformities the wrist may be flexed to such
a degree that a dislocation 1s produced In these cases 1t 1s
necessary to remove sufficient bone to obtain an extended wrist
and hand This 1s done by resection of one or two rows of carpal
bones and removal of part of the radius and ulna ** The wnst
ts fused at about 20 degrees extension Following this one of
the muscle transplants may be possible

A simular condition may occur in the mtrinsic muscles of
the hand following encasement of hands in plaster-of Paris or
ught elastic bandages This also may follow damage to the great
vessels 1t may accompany Volkmanns ischemic contracture 1t
has been seen following severe thermal and soft tissue crushing
njury and 1t 18 known as wschemic contracture local in the hand *
There 1s a charactenstic posiuon of the hand with the metacarpo-
phalangeal joints held 1a flexion the interphalangeal jomnts n
extension and a straight thumb pressed against the palm. Tlus
deformity 1s due to contracture of the interosseous and lumbrical
muscles and 15 teferred to as an intrinsic plus posiuon If the
metacarpophalangeal joints are passively forced into extension
the distal interphalangeal joints cannot be flexed (Fig 166)
However 1f the metacarpophalangeal jomnts are held 1 flexion
the distal joints can be flexed

In muld cases sphnung of the hand may overcome the de
formity however 1n most cases operation will be necessary
If interosseous function 1s sull present the tnterosseous muscles
may be separated from the metacarpals by subperiosteal dissection
and advanced distally Through suitable dorsal ncisions a small
cunied penosteal elevator 1s mserted around the metacarpals
relcasing the nsertion of the interosser from the bones The
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muscles 1re 1llowed to advance distally unul the prosamal figer
jomuts extend nd the distal finger jomnts fles

1€ the mtrinsic museles e too fibroue to function or af a
previous stripping hias been unsuecessful 1 tenotony of the Jcral
bands of the fingers will he necessary A single mdhne mcision
on the dorsum of the prostmal phaliny extendimg from the level
of the metacarpophalangeal jont to the prosimal mterphilangel
Joint will expose the mvolved Iaterl bands The extensor hood
at the level of the metacarpophalingeal jomnt 15 made up of
three components the long extensor the transverse fibers of the
intnnsic muscles which exert tction on the metacarpophalingeal

Figure 166 “Intninnc plus” deformit
y of Iinger (a) chamcterntic {
u;)}] (b) forced extension of metacarpophalangeal joint prohibits ﬂcf?;u
of finger (c) flexion of metacarpophalangeal foint permits flexion of finger
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front of the wrist where 1t 15 buttonholed through the four
tendons of the flexor digitorum profundus and fined m the
usual way Correct tension 1s made at the suture line to be
sure that full advantage 1s taken of wrist movement This opera
tion 15 actually a tenodesis which restores flexion of the fingers
by means of the tnich movement of domiflexion It 1s interesung
that the lack of voluntary power of the thumb produced by the
operation causes no material disability provaded there 1s actne
opposition of the thumb

In long standing deformines the wnst may be flexed to such
a degree that a dislocation 1s produced In these cases 1t 1s
necessary to remote sufficient bone to obtain an extended wrist
and hand. Thas 1s done by resection of one or two rows of carpal
bones and removal of part of the radius and ulna ¥ The wrnist
18 fused at about 20 degrees extension Following tlus one of
the muscle transplants may be possible

A stmlar condition may occur m the mntrnsic muscles of
the hand following encasement of hands in plaster-of Pans or
tight elastic bandages This also may follow damage to the great
vessels 1t may accompany Volhmanns ischemic contracture 1t
has been seen following severe thermal and soft tissue crushing
mjury and 1t 1s known as ischenuc contracture local i the hand
There 1s a charactenstic positon of the hand with the metacarpo-
phalangeal jomnts held 1n flewon the mterphalangeal jomts
extension and a straight thumb pressed agamnst the palm This
deformity 1s due to contracture of the interosseous and lumbnel
muscles and 1s referred to as an ntnnsic plus position If the
metacarpophalangeal joints are passively forced into extension
the distal interphalangeal jomnts cannot be flexed (Fig 166)
However 1f the metacarpophalangeal joints are held in flexion
the distal joints can be flexed

In mild cases splinting of the hand may overcome the de
forrmity however 1n most cases operation will be necessary
If interosseous function 1s sull present the interosscous muscles
may be separated from the metacarpals by subpeniosteal dissection
and advanced distally Through suitable donal incistons a small
curved penosteal clevator 1s mserted around the metacarpals
releasing the insertion of the interosser from the bones The
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Toniane Ry Ravsrn Qo Mane Qi ef Dasy Ao Relloddons wir fa fhysho-
pathologic de la gritfe dam fa maladie de volkmann (Iyon chinugical 41
400410 1MB) R Orthop AT 1718

Anerr N W Volkmann s Ixhacmic contracture benefited by muscle atide
opcration J Bone o Joint Surg 340 1320, 193

MAaurr-Ciy Po Rewlltat apres 3 ans dune operation de tRansmutathm ten
dincuse pour symdrome de solkmann fyon chir, 47 81 By 1917

Paars, AL The tratment of cutablishal Vofimann s contractute by tendon
tmmplaniation J None o foint Surg, 33 11 3,9 362, 1951

Minvremne 1 WL Volkmann s ixhemie contracture as a compliation of supra
condylar fractures of the humeruv. J Internat Coll Surg., 19675091 1033

Buaniis, S. Ischemlc comtraciure local in the had f Blone & Joint Surg.,
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relationship to frcture of the femur J Dome & Joint Surg., I3 B 336-317
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jount and the oblique fibers of the wntnnsic muscles which
extend the interphalangeal joints It 1s essential that the oblique
fibers only be excised thereby releasing the extensor contracture
on the interphalangeal jomnts but preserving the transverse fibers
which exert a flexor action on the metacarpophalangeal joint A
splint 15 applied to this joint which 1s held at 180 degrees
extension and actve motion of the fingers 15 begun early

When this condition involves the web space of the thumb
vartous procedures will be necessary The contracted sln 1s
excised and the intnnsic muscles strpped from the thumb
After the defect 1s skin grafted from hinge to-hinge the full
thumb spread may be maintained by transfixing the metacarpals
of the thumb and index finger with two Kirschner wires At a
later date tendon transfer to restore opposiuon to the thumb
may be indicated.

Thompson and Mahoney *? describe a contracture sumilar to
Volkmann s contracture n the lower extremmty following frac
ture of the femur
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Harrl, W R, 265
Harrlslon § H 91

123 236 266

Hartman ] R, 89
Hartz M, 113
Haney EEN 167

92 83 113 115

Haney 8 C, 193

Haud, G J 4
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Hazlett J \v 234

Heart disease, 201

Heathfleld K.\ G 288, 296
Hellner H 113

venous, 233
Hemangiopericytoma, 234
Hematoma, 194, 193

subungual, 163
Hemimela 269

paraxial, 257 268

radlal, 267

ulnar 267
Hemiplegia, 514
Hemolytic microcoed, 66
Hemosiderin 194 251
Hempelmann 1. H 187 196
Henderson C. B, 296
Herberden s nodes, 213
Herford, 31 E. M 80
Herpes Zoster 219
Herpes-like ledon 154 155
Hersh, L. H 201 215
Higgin G A 520 822
Highet, W\ B 36 44 258
Higinbotham, N L 260 266
Hillenbrand, F k. M., 89
Hioes, ELA Jr 206
Hines, R.A 219 233
Hinriduoen, K., 60
Hoamer E.F 291 256
Holmes, P E B 284 204
Holmer, W 238
Hoplim, H H 201 215
Hom, J S 259 263 353 358
Hom, R. C, 264
Horwitz, T 358
Howard, ] M 293
Howard, I.D 321
Howard L.D Jr 233
Howe C.72
Howel, R.A 296
Hubay C.A 13 43
Hughes, C. W 293
Hughes, M C. 521
Hulbstein, B M 176 183
Human bite 76 77 82

treatment of, 77 78
Humphreys, H T 82, 89
Hurley L. A 283
Hurwitt E.S 256 263
Hutchison, | H 296
Hutchinson procedure 226
Hjyaluronidase 69
Hyden, H 278
Hydrocortsone, 297 349
Hydrocortisone Injections, 230
Hydrofluoric acld burns, 193 194
Hjdrogen peroxide, 73
Hjyperabductlon syndrome, 303
Hyperphalangism, 273-274
Hyperplasia, fibrous, 218-236
Hjpothenar

eminence, 58 111 H2

atrophy of, 157

muscles, 14 18 27 28 34 40 42,

100 101 103
Hypertrophic arthritls, 213

Lmmersion hand, 287
Immoblilzadon in Infection &4

Imphntation cyst 237 238, 289

Incisions, 91
in bite infecion, 78
in draining hand Infections, 89
acket, 318
in tendon repair 137
in tenosybovitls, 109-112
Indelible pencl wounds, 192
Index ray 133
Infection (1)
anztomial boalinton 91 115
bacteriologic facton, 66-90
fungus, 98
gangrenc in, 291
hand, 61 115

andbiota and chemotherapy in, 63

ause of, 67
drainage of, 99
incddence 63
principlas 63-65
mprophytic, 63
staphylococat
incdence 63
ueatment 69
streptococal 69
symbiotic, 70-79
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symptome, 70
treatment 70
systemic diseases in 61
treatment G
ancsthesla In 64
lujuries, handd alter are 12
Innenation anomaliceof 31 3%
Interdigital
clefr 11
fold, 100
Inicrmetacarpal
#paces, 101
Intermuscular septum 22, 23
“Internal ~ 30
Interosscous
fascla 28 20 101 108, 224
volar 101
membrane, 20 22, 25
space posterfor 10! 101 106
Interphalangeal
crease 91
“Intcrrones,” 49
Intnnslc muncles, 14-19 27 28 153 3y
atrophy of, 160 162, 211 303
innenadon of, 34
Imin C.E, 336 M3
Ismacen \ H, 264
Ischembe muscle contracture 332 3.8
Isclin M, 63 G3 88, 100 101 114 2M4
Isonlazid 80 81 8
therapy 219
Iwrrbarrla, F M 90

Jadson, G G 83
Jackson, H., 263

Jacox H W 264

Jaffe H L. 266

Jahnke E.J 279 293
Jahnke E ], Jr 293
Jahm, 5 A 182

James, J 1 P, 149 152
Jamieson ] G, 30 44, 102, 101
Jancway leslon, 202
Jawetz E., 88

Jeluinger D L, 174 183
Jennlngs, E. R, 150
Jemen W E., 285 277
Jepron, R. P, 113 114 304
Johmson B A, 66, 87
Johmon L 234

Johuson L1 233
Johnson R L, 239 27
Jolimton \_ 24 2r
Joint (9
anatomy 13
capale 12,506 117 180 2R 318
tearsof 178
carpo-metacarpal @ 10 11
34
dislocation of 182
of thumb 11 12,13
tontracture 318-30
digital 112
discases of 210-213
clbow 31 43 15, 337 331
apule of 48
embryology 45 51
Interphalangeal 13 2= 41 97 112,

12,71

M1 14, 155 156 13, 1.8 176
185 210 313 320 333 311 3%0
37 338

contractures, 319 330

dilocations of 177 179

disal, 141 142, 14 14, 147 159

165 166 237 =252
chip fracture of 146
flexion of, 27
middle 27
proximal 26 56 57 133 140 [d..
43 14 145 147 165 211
212, 252 313
sprains of 177
metscarpophalangesl 12, 13 17 19
22 23 26 58,60 73 76 77 .8
112 143 M5 147 155 1% 157
158 159 18, 170 172, 185 211
212, 221 231 232 274 812, 314
316 317 323 328 333 334 338
339 34) M2, M7 336 357 138
«ontractures, H8 349
cracking” of 12
dislocadon of, 178 179
extensor tendon over 142
flexion of, 27
Laceration 77
spraim, 177 178 179
of thumb 12,13
dislocatlon of 179-180
open redoction of 180
nmikdcarpl, 9 10 11 12
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Hazlett, ] W 254
Heart disease, 201
Heuthfield K. W G 288 206
Hellner H 118
Hemangioma

arterizl, 256

apillary 255

avemnous, 255

venous, 255
Hemangiopericytoma, 254
Hermatoma, 194, 193

sobungual, 165
Hemimelia, 269

paraxfal, 267 268

radial, 267

ulpar 267
Hemlplegia, 814
Hemelytlc microcoed, 66
Hemosdderin, 184 251
Hempelmann, L. H 187 180
Henderson, C. B 296
Herberden 1 nodes, 218
Herford, M EE M 90
Herper Zoster 210
Herpes-like lesion 154, 185
Henb L. H 201 215
Higgin, G A, 320 322
Highet, W B 36 44, 258
Higinbotham N L., 260 268
Hillenbrand, F K. M 89
Hines, E. A, Jr 296
Hioes, R. A, 219 233
Hinrlchsen, K, 60
Hoener EF 291 296
Holmes, P E B 281 204
Holmes, W 238
Hopking, H H 201 215
Horn, ] 8 250 265 353 238
Homn, R. C, 264
Horwit, T 358
Howard, ] M 293
Howard, L.D 321
Howard, L. D Jr 235
Howe, C. T2
Howell, R. A 296
Hubay C. A 183 43
Hughes, C. W., 293
Hughes, M C, 521
Hulbsteln B 3 176 183
Human bite, ,6 77 82

treatment of, 77 78
Homphreys H F 82, €9
Hurley L.A 29,
Horwlit, E. 5 256 265
Hutchbson | H 206
Hutchinson procedure, 226
Hyalurcaldase 69
Hyden H 278
Hydrocortisone 297 849
Hydrocortisone Injections, 230
Hydrofluoric acld burns, 193 194
Hydrogen peroxide, 73
Hyperabduction syndrome 508
Hyperphalangism 278 274
Hyperphasa, fibrous, 218-238
Hypothenar

eminence 59 111 342

atrophy of, 157

muscles, 14 18 27 28 34 40 42

100 101 103
Hypertrophic arthritls, 213

Immerdon hand, 287
Immobflization in {nfectlon, 64

Implantation cpt, 237 238 239 240

Incigons, 91
in bite infection 78
in draining hand Infecticns, 99
racket, 318
In tendon repair 187
In tenosynovitls, 109-112
Indelible pencil wounds, 182
Index ray 138
Infectlon (s)
amatomical localimtion 91 115
bacterologic factors, 66-90
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Lehman, L. P, 278

Lehman W, 713

Lchman W 1, 150
Lelomyoma vascular 233
Leithead C 8§ 29

Lokl L., 301

Lennard Joney ] 113
Lepper M 11 88

Leprowy 162

Lelie D R, 23 43

Letac R 319 322

Leurer 152

Leain 1 A ,8 B8

Levine J. 148 151
Levophed Infusions, 2R2 283
Lewin 3 L. 131 315 321 244
Lewics, R B 293

Lewh, W H, 4 46 47 48 0 33 o
Ligament (s)

annular 323 323 32¢

carpal

dorsal, 1, 27 30 32,331 333
transierse 10 11 1o 16 20 2, 28,
33 3 38 11 161
inciston of 101
volar 15 24 28 3¢ 80 111
collateral 276 2(8
lateral 12,13 319
rupture of 179
intermetacarpal (see wietacarpal)
nteromcous, 10 12
abaence of, 10
intradigital (see Natatory)
metacarpal
trann ere
deep 13 18 19 25 28 30 I8
317 319 31
wperfical 29
nautory 29 30 98
piso-hamate 10 20
pho-metacarpal 10 20
radial collateral 10 22
radio-aupal 10
radio-ulnar 0
ulmar collerateral 10
Lindemann K 84
Lindsrom L.J 283 204
Linton, R. R, 215 296
Liplus, M L. 218
Lipomas, 244 216
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Lipsconh P R 234

Lister s tnbereke 0 6 20 147

Llker J W 310 371 322,30

Lltuman D 5, 2L,

Ldver discase 207

Lockwood ] § 201

Lochr W M, 250 26, 267

Loliman 11,293 294

Longacre A B ,8 88

Lord J W, 303 301

Loriga € . 200 290

loudon J B 115

Loaell, R RO, 200 216

Lovelock ] E. 281 29,

Londen T G, 08 113

Lowe C H Jr.30

Lowe h C. 206

Loe J C. 164 265

Love M. 80

Lockey C. \ 197 312,38,

Lumbricl anals, 77 9% 98
3o

Lund 233

Lunula 33 97

Lash B 210

1ymph nodes, axillary 41 239 243
Epltrochlear 80 239 243

Lymphadenitis 83 81 83

Lymphadenopathy 63

Lymphangitls, 83 63 83 8!
112

Lymphata, 41 112 113

deep 41

superficial collecting 41

102, 339

83w

MacAwsland, W R 183 351
MacCollam, D W, 196
AacCormack, D H 296
Macomber D W\ 265
Madelung s deformity 276
AMader V. 2ZH
Madura foot 83
Madurella, 83
Maflfucd s syndrome 206
Magee R I 168
Mahoney ] H 134
Mahoney L.J 3.8 359
Malleomyces mallel 84
Mallet finger 142 See also Bascball
finger
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piso-triquetral, § 11 12
radio-carpal 8 11 12
radio-uloar 11 12
reconstructive surgery of 346-351
spaces, Infection n, 112
tiauma, 177 183
umort of, 246-253
Wrust, .18, 112
disloadon of, 181
spacesof, 9 11 12
moiements of, 11
Jone,, B U 114
Jones, G 88
Jooes, H M 266
Joseph, H L, 100 114
Joseph J 14 48
Judson W E., 304
Jungling’s discase 81

Kahn, ] 215
Kallio K E, 321
Eanavel A B 63 €3 102,109 282
Kanavel, incislon of, §7
Randera, | 189 196
Kaplan, E B 11 43 54, 60 100 102,
114 =8, 278
Kaposi 1 sarcoma, 256-257
Kastert, | 344
hayser C, 858
Kaznjuan V H 263
Remley L E 244 264
EchL K. C 288
Kearer D P R, 378
Keltkuan, H 322, 346 831
Kenmard, H E 296
Kenoey F R 2%
Keppie | 89
Rer H R., 182 183
Restler O C 211 216 3.0 331
Key J A 283
Klenbocl s disease, 149 210
Kimbrough, R F 68
King E.§ ] 114 264
King R. 4 238
King R.B 36 44
hinmonth J B 3%0 334
Kirgls, H D 504
Kirk, ] E, 238
Rirkham, ] H H6 151
Rirllin J W 44,336 3¢
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hirschner wire 143 167 168 169 170
172, 174 175 213 312, 238, 347 349
334, 3.8

kitchin, A P, 114

Klander J V 83

Klecherg, J., 215

Kleiman, A $02, 304

Eoch § L, 78 88, 119 12 134, 232,
526 $44

Kole, W 99 113

Roucky ] D 187

Kralwl C. 265

Kreltner H 114

Kremer M 168

Krueger J F 351

Rontler A W 285 593

Kutler W 150 184

Kyrle, P 44

Laane C. L, 22
Lacertus fbrogs 38
Lacey T 48
Lagce P 331
Landsmeer J A F 26 43
Lange K., 293
Langerukiold, A 228 235
Langer s lines, 94
Langohr J L. 293
Langyton R G 238
Lannon, ] 104 114
Lanugo hairs, 56
Lapidue, R W 227 934
Lateral bands, 17 25 26, 27 53 14
146 147 389 340 357
tenotomy 218
Lattes, R, 263
Lauber H ] 844
Lawrence E A 135
Le Quesne, B P 88
Learmonth ] R 159 163
Leb, A 212 217
Leddy E. T 196
Ledergerber E 143 151
Lecper P W 263
Leger L. 233
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Murphy 1 D 231
Murphy ] W. 80
Murply W R 266
Murmay A R O91 113 3% 32
Murray © 317 31
Murmay M R 231 263
Muscke (3)
Abductor
digld quind 14 15 17 31 3 30
minlml Aightd sre dightl gquintf
Tollids
brevis, 15 16 21 37 318
langus, 5 17 21 32, 32 331
337 333
tendon 33 38 228 200
sheath 227
Addurtor
pollich, 15 16, 23 3t 3 39 39
101 101 10% 106, 157 314 310
318, 310 336 337
oblique 15 16
tramsversus, 13 16 30 100
Biceps, 51
Brachialls, 33
Brachforadialis, 22, 38 52, 2(8 ${7
Coracobrachialis, 51
Deltobd, 75
Embryology of 50 51 52
Extensor

radialls
breviy, 5 B 17 22, 24 25 32
33 52, 333 312 383
tendon 33 230
sheath, 227
longus, 17 22, 24 32 37 38
52, 133 831 332 333 334,
342, 33 35
tendon, 32 230
theath 227
ulnaris, 17 £2, 23, 32 33 38 b2,
531 333 34 842
digiti quintl proprims, 22, 23, 24
32,33 38, 52 218 M1
digitorum communh 22, 23, 25
22, 5% 148 M8 149
tendon, 26 33 339 31
centeal band, 25 26
Lateral bands, 25 26
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linlicis propeive, 23 1 25 ' 1M
213 333 341 342
terpon 3%
pollicis
breviy, o 17 23 24 37 0. 26
337 313 30
tendon 33 38 129 313
sheath 227
fongus, 5 23 24 27 32, 52, 317
331 337 333 33
tedon 33 38 175 228 312
rupture of 117 148
extrimsde 1127
Flexor
armpt
radizth, & 8 b 19, 21 33 A
108 111 181 218 313 35
winarls, 14 15 18 19 29 21 St
38 ,° 108, 111 112, 15, 159
330 332, 331 333 357 3.5
Qdigitl quintd brevls, 14 15 31
digltorum
profundus, 20 21 3t .2, 30
57 58 53 60 325 328 3,
wblimis 19 20, 21 38 50 56
57 58 59 60 1GG 321 326
328 331 336 312, 313 358
pollicls
brevis, 15 16 31 %, 87
longus, 18 20 21 22, 33 12, 59
598 336 837 312 143 353
terwdon 33 141 142, 180
Interoesci, 14 27 34 87 155 319
doral, 16, 17
tendom 28
insertlons into fingers, 26
valar 15 1819
Intrinabcs see Intrinsic muscles
Lumbrcxls, 14 18 19 27 32, 33
$ 26 37 38 39 68 101 0@
104 135 140 145 155 166 19f
330
tevdone 28
1nsertiom Into fingers 26
Opponers
digid quint! 14 18,30 M
polllcs, 12,15 16 21 35 87
Palmarls
brevis, 14, 29
reflex 14
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Mallet-Guy P 335 359
Aangey, L. C, Jr 88
Mamsberger A R Jr 150
Mamflekl J P J 280 293
Maraist, F B 293
Marble, H C, vil 88
VMarchand, ] H 114
Marcuy, C H 151
Marfan 203
Marle B D 8
Marker, ] E., 17 18 43
Markee | L., 150
Marden, ] A 113
Martin RS 263
Marten R, 278
Marx C, 358
Mason 3 196
Mason M L, 78 88, 141 143 131 186
195 232, 261 266
Masmontedl, 152
Mathesxon, A. D, 99 114
Martel A1, 284 20%
Matiresa suture, 142, 146, 225
Mauer k. F 205 216
Maxim E.§ 197
May H 84
Mayer T H Jr, 159 163
Mayfleld, I vii
Mayfleld, F H 159 163 301 304
Mame, B 5 284
McAfee D K., 43
McCann M B 296
McCarthy D 264
McCarthy W D 2,6 266
McDonald J J 181
McDonald J R, 216 264
McDowell F 195
McGowan A ] 162 164
McGowan, | M %0t
McRee, ¢ K 161 163
McRenzie G 154 197
McMUllen | H 197
McQueen, G 282
\cPherson S R H2 343
Mclay L.V, %0
MedL W T 123
Medullary sheath, 153
Meek, E.C, 150
Megatadactylim 275-276
Melanomas, 242 244

subungual 243 246
Melanotic whitlow 243 246
Meleney F L, 66 72, 67 #8
Melone, F C,, 196
\elotheostosis, 207
Mendlowiz, M 205 216
Mercoury ammonisted 98
Mesenchymal tissue, 51 52
Mesenchyme, 45 47 49

synovial, 49
Metabolic dbsexsc 202
Metacarpus, 48, 51
Afetaphyss, 175
Mestastatic tumors, 263
Metzler D F 100 196
Meyerdlng H W, 232, 265 359

Micrococens aureus, 67-69
Mid palmar

crease, 81

spacc 99 101 103

abecess, 101 103

Middlebrook G 90
Vfiddleton, D 8., 281 284
Milker s granoloma,” 99
Millen RS, 88
Miller G F., 292
Miller H 88 184
Miller R.C., 343 343
Milstein B B 113
Minjero J D115
Minnaar D A.B 277
Mitchell, W 301
Atlihoefer | 821
\foberg, E., 169 182
Moen, P W 293
Moldovan A 298
Molooey A M vl
Mommsen, F 144 151
Moon H D 157
AMoore, F T 44 122, 321
Moore, M 80 90
Moore P H 83
oses, W R 103 109 114 115
Muacarmine 2i8
Mucous cysta, 237 240, 241
Muller G M 330 351
Murphy F. 85 4%
Murphy D R. 89
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Ncmo-peychiatyic diagnosks hamd in lalarri v S 136 150
203 L‘[.;‘I) Paletia 1\ 217 233
Nevirs Palm 1§ 16 (8 3) 33 1i5)
inttadermal 21, 213 fascial spaces of TR 107
junctional 217 2153 Ihmplatc trnks of 41
Ndwlg HOM 13 136 1O 10 1] shin of 24
\icoknlan] 316 3% sawulatiy of, 40
Niedetlaml 232 Palmar
Nishet N W, 30 sponcurnly, see Fawla
Nven k1 16) 163 arches 41
Node of Ramvker 13 creases, 41 42, 100 224 321
\ovocain 282, 281 2y distal 42
Nutsitional disorders 2UL proximal 42
\ydrarid 83 fascia 11 20 26 28, 31 38 .0 ™
Nygaard Kk, 20 296 1ol 102, 103 101 181 18 218
=1 =g, 312, 319
Obletr, B EL 1 0 183 extirpation of 223 224
Oblique septum ™ 102 fat pads, superficial 100
Occupatbonal plate 12
acchlenty, hamd imvolvement in 119 Palmborg C 233
arcurysms, 281 P'anay, 161

siigmata 214 213
Oklirckl M C, 271 277
Olecranon 20 48 3
Ollicr s discase 200

Papaierine topical 280

Para aminoaho lic acid &0 81
Paradevas, M, 266

Paratenon 40 324

ONal E E, 294 Parc A 270

O Parenmme 223
paky 161 336 rar, B J 172 182

OTRahilly R, 272, 273 2,6 277 Parkes, A 335 339

Osler noxle 202 Parona 108

Ostcitls, 92, 96

Paronychin 64 82 94-98, 243 261
Ostevarthnitis, 162 330 chionic 93

Osteoarthropathy
hypertrophic, 203 204
Owucochrondrius dessicams 210
Oueoclais, 208
Osteogemesis imperfecta 200
Osteomalaaa 20
Oseomas oateold 2,9
Osteomylitis, 87 83 87
Osteopathia striata =00
Osteopetrons, 06
Ostcophytes, 213
Oricopoilibons 206 207
Osteoporosy, 206 204 °RG

complications of 97
Parons, A R, 233
Pxteurcella
multocida, 82, 83
tularendls, 82-83
Patterson L. T., 216
Peacod, E.E. Jr 1a2
Pock V214 217
Pedenon H E. 232
Pedicle Bap 183 186 312, 313
tube 316
Penidllin 66 67 60 ,0 72 ,8 83 R4
83 86 91 9 111 113 122 29]
Ostcotomy 316 ralstance to 6/ 68
Osteoscleronls, 239 cause ol 67-G8
Owen C. R, 703 Penidllinase, 67
Pentothal 283

Pack & T 6 261 03 266 Perarteritis nodosa, 288
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longus 19 20 28 29 33 31 146
161 328 331 352, 3%~ 135
absenee of, 20
tendon 324
Pectoralis minor 302, 308
Promator
quadratus 20 52 108 111
teres 19 33 38 51 351 832
Scalenus anticus, 302
Suplnator 24 38
Triceps 51
Musculospinal nene 51
Alusculotancous nenve 81 53
Mycetoma, By
Mycobacterium
tuberculosis.  See Tuberculosis
vlcerans, 87
Myerding, H W 85 90
Myocrdial infarcdon 202, 200
Myositss oslficany, progressive 207

Nach, R L 283 201
Nadelhoffer L., 277
Nafl
bed, 314
cardnoms of, 242
development, 55
fold
lateral 53
proximal, 55
growth 155
matrix 55 97
Nabecth D C, 281 204
Necrosls, 02
in frostbite 283
\ecrotizng fasditls, 70
Neisseria gonorrhocae B4
Nemethi CLE 169 182

N\ene (8)
brachial plexus, 31 J2, 33 204 302
injury 343
comprenion palry 160162
cutancous, 28
digital, 33 36-37 58 58 59 08 1%9
183
blocks, povocalne of 281
dotaal distribution of, 38
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of hand 35-38
healing, 138 103
Injury to 153 164
patterns, 153-158
Tepalt methods, 158-169
after care 159-160
medlan 16 19 20 21 22, 33 83
36 53 59 100 111 184 160,
161 1,4 191 301 302, 3%0 1332
distribution, 3, 38
injury 157 188
Iateral branch 35
medial branch 35
palsy 157 181 333-338
high 337 333
Jow 338
and olnar nenve, H2 H3
tendon transfers, 834
radlal 22 36 38 52 159 160 162
263
deep 24 38 159
development of, 59
injury 158
palsy 331 833
superficlal branch 38
tendon trensfers, 352
tramslocation of, 159
regeneration of 153
manifesations of, 1,8 151
suprasaapular 53
tmors, %61 262

ulnar 14 1, 16 19 20 21 34 36
23 59 169 160 162 302, 330
352

branches of, 83 36
duribaton 83

injuries of 35 155.157 158
paln 38 37 155 339312
and median nenve, 312 H3
translocation of 162
\ertous svstem embryology of, 52 B3
Neumann A 277
N\eurllemomas, 261
bentgn encapsulated 202
malignant 262, 263
plexiform, 262
Neurof Lrib, 153
Neurohbroblasts, 153
Neurvlyss 158 160
See A
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Lkl
Nevn

intradermal 21, 21

junciional 77 20,
Nichols 1T M 1%
Nicoland Y10 v
Nlalerlan | 2%
Nishet N W39
Nhwen K 1101 10Y
Nade of Ramvier 109
Norvoaaln TRORY L0
Nutrithonal disor ker 20
Nydrand R
Nsgaard, Kk, 200 O

1M 0 1D )

Obketr B L, 10 1KY

Oblique «eptum 10

Ocaupational

acckbent hand dmve Ivement 119
ancunsms "Wl
sugmata 1170,

Oldlckl M € 271 27

Olecranon 70 48 3 |

Olller « divcase 2

ON\ei! LLE 29¢

palsy 101 336
ORalilly R 27 3 2556 5
Onsler node 202
Osteitls 0, 96
Osteoarthriths, 162 3,0
Ostecoarths spathy
hypertrophic, “03 204
Orteochrundnm dewucans, 210
Ovteocla v 208
Osteogenais imparfeda 206
ueomalacia, %9
Osteomay osteold 259
Ostcomylutis 82 83 8,
Osteopathua sinata g6
Osteopetrons, “U6
Osteophytes 218
Osteopoihilons, 200 %y
Osteuporosis, %06 0% ’80
Ostectomy 316
Osteowhermiy, 29
Owen C R ™

Pad, ¢ T 2,6 2ri oG o
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Lalarne A S 1YW 160
Paletta |\ .10 239
lalm 14 10 2% 31 33 109
fawial pacesof 98107
Iymphaiic trunkeof 11
swinof B
sasulatits of 10
Palmar
aponcursi ver Fascia
arches 1
crcaves #1012, 110 220 5 |
divat 1
proximal 12
facia 14 20 2r 28 31 38 L0 R
101 1 J03 101 181 IR 2I8
T 2% 32, 319
extirpation of 223 221
fat pads, superficlal 100
plate 1.
Falmborg € 23
Panas, 161
Papaverine topical 280
Para aminoallalic acid &0 81
Parasheras, M 260
Paratenon 10 321
Pare \ 270
Parenrme 223
lark B J 172,182
Take v 35 3,9
Paiona 108
Paromichiz 61 82, 9698, 213 261
chronic 98
« smphcauons of 07
Parwms, A\ R 233
Pa temetla
multocida, 82, 83
wilaremsrs, R2-A3
Patterun L T _16
Peach E L. Jr 182
Pock S N TE 217
Pedenon HE .32
Tedwle flap 183 186 312, 313
tube 310
Ienlcillin 66 67 69 70 72 78 83 R{
8 RS 91 93 111 113 122 291
resistance to 67 68
causc of 07-08
Penlalllnawe 87
Pentothal, 283
lewartents nexlow 288
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Perl lunar dislocauon, 181

Perichondrium, 46 47 49
intra-cpeuler 149

Pericyre 254 255

Perimyslum 28

Perineurium, 153
Peritendinous fibrosls,” 194

Peritendlnits, calcarea 230

Perlow § 265

Peroncous longus tendom, 324

Peters, F )L, 296

Petropoulos, P, 266

Peyronie s desease 219

Puger W., 25

Phalangeal recodon, 169

Phalen, G S 134 163 236 33 845

Phantom limb 297
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