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The brilliant career of Duncan Clark
McKeever was terminated violently on the
night of October 13, 1959, when a car with
faulty brakes driven by a drunken man
plowed into him as he stood in the driving
rain pouring gasoline into his own automobile.

His death means the Joss of a truly inde-
pendent thinker, not only in the field of
orthopaedic  surgery, but also in the
philosophic fields of medical economics
and social reform. He held strong convic-
tions. He could not endure bigotry or inde-
cision. Practices based only on convention
and not on good scientific judgment he
regarded as intolerable. He enjoyed all men
of purpose, and he both learned continuously
from them and gave of himself unsparingly
to them.

Dr. McKeever was born on September 13,
1905, in Valley Falls, Kansas. He attended
Westport High School and Junior College in

Duncan Clark
McKeever

1905 - 1959

Kansas City, Missouri. Aside from 50 dollars
given him by his parents for his first year of
medical school, he completed his education
at the University of Kansas Medical School
in 1929 by his own efforts. His internship
was patterned by belonging to the Naval
Reserve. He spent 1 year at the U.S. Naval
Hospital in Brooklyn and 3 years at the
Great Lakes Naval Station near Chicago.
After completing his naval service, he
accepted a residency in pathology at St.
Luke’s Hospital in Kansas City, Missouri,
the orthopaedic fortress of Dr, Frank
Dickson and Dr. Rex Diveley. These men
soon converted him from postmortems to the
Lane technic. After 3 years’ preceptorship
he became associated with them and
remained with them until 1939, when he
went to Houston, Texas, to establish his
own practice.

Being in the Naval Reserve, he was called
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to active duty in 1941. His principal
assighments were as chief of orthopaedics ot
the Long Beach Naval Hospital and, later,
the area hospital at Honolulu, He was dis-
charged from the Service in 1945 with the
rank of captain. Because of confusion with
Francis McKeever at Academy meetings, he
liked to identify himself as “the Navy Mc-
Keever.” He would tell a perplexed caller,
“You have the wrong McKeever: I'm the
Navy one; the Army McKeever’s first name is
Francis ”

Dr. McKeever was certified in orthopaedic
surgery in 1937, He was a fellow of the
American Academy of Orthopaedic Sur-
geons, the Clinical Orthopaedic Society, the
American College of Surgeons and the
American Medical Association. He was
president of the Association of Bone and
Joint Surgeons. He was also a member of
the Association of American Physicians and
Surgeons, the Houston Orthopaedic Club
and the Texas Orthopaedic Association. He
was co-founder of the Spectators’ Corre-
spondence Club and the American Society
of Clinical Hypnosis. At the ttme of his
death he was president of the American
Fracture Association.

He was a member of the orthopaedic
staff of Memorial Hospital, St. Joseph's
Hospital, Herman Hospital and St. Luke’s
Hospital, all of Houston, Texas. He was
past chief of the orthopaedic section of
Memorial Hospital; past president of the
medical staff of Memorial Hospital; chief of
staff of the Texas Elks Crippled Children’s
Hospital, Ottine, Texas; consultant for the
queries and answers section of the Journal of
the American Medical Association, and a
director of the American Motor League

(Safety).

Dr. McKeever had great aptitude as a
mechanic, being one of the first ortho-
paedists to train in the use of power tools.
He studied engineering principles, particu-
latly in the fields of stresses and strans,
which n turn he applied to bone surgery.

He described several operations, such as:
his bunion operation; a modification for
excision of semilunar cartilages; an operation
for interdigital neuromas; and prosthetic
replacements for the hip, the patella, the
tibial platean and the acetabulum.

He was a pioneer in bowed-tendon sur-
gery in the racehorse. This enabled animals
that might otherwise have been destroyed
to come back as winners. He traveled far
and wide both as student and teacher in
his own and allied professions. He had
many friends south of the Border. He
learned Spanish after he was 50 and was
host to many Latin-American surgeons,
who frequently spent several weeks in his
home while observing and assisting him at
operations and on rounds. Termination of
this little-known phase of his generosity
deprives the United States of a most popular
ambassador.

In addition to his writings, he produced
scientific movies for the Audiovisual Pro-
gram at his own expense. Principal subjects
were reconstruction of badly damaged knee
joints; mechanical stresses of lumbosacral
stabilization; interdigital neuroma; and the
knee cartilage (this film was entitled Take It
Out Backwards).

We extend our sympathy to his wife,
Dorothy Grant McKeever, whom he married
in 1934, and to three soms, who plan to
follow in their father’s footsteps. The oldest,
twins, 24, Rex and Drck, are sophomores at
Jefferson Medical School; and John, the
youngest, 21, is a premedic at Wabash
College. The McKeever family was united
by a variety of mutual interests, among
which were turkey-, deer- and duck-hunting,
fishing, a goat ranch, and communication
by ham radio while the children were away
at school

All who knew Dr. McKeever are appalled
and saddened by his less and untimely
death, As an admirer put jt: “Duncan
wasn’t through working yet.”

ENK; G.P; IHS.
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Allen B. Kanavel (1874-1938)

SuMNER L. KocH, M.D.*

Of the many men who have played an
important part in the surgical history of his
time, none was more loved, respected and
admired, both by the surgical profession at
large and by those closcly associated with
him, than Allen B, Kanavel.

Allen B. Kanavel was born September 2,
1874, the son of o Methodist minister, in a
little town in central Kansas. He came to
Chicago in 1891 to enter Northwestern Uni-
versity. After graduating from the College
of Liberal Axts he entered the medical school
and graduated with honors with the class of
1899, Jmmediately afterward, as he once
sad, through the aid of an aunt who had
more faith in him than good judgment, he
went to Vienna and spent 6 months in gradu-
ate study before entenng upon his in-
ternship at the Cook County Hospital.
I diately after its pletion he became
associated with the department of surgery at
Northwestern University Medical School.

Early in hus surgical career Dr, Kanavel
was struck by the haphazard treatment ac-
corded patients with severe infections of the
hand  This led to a pamstaking study of
the anatomy of the hand by a method not
previously attempted—the forcible injection
into its tendon sheaths and fascial spaces
of an opaque material and the careful ob-
servation of the route of spread and exten-
sion of the injected matenial. He learned
that this extension followed a definite and
constant pattern and that it would be pos-

sible to predict with exactness the direction
and the extent of spread of an infectious

* Chicago, Iil.

process. He showed further how it would
be possible to incisc and drain the primary
site of infection and the paths along which
the infection extended with minimum dam-
age to the vital structures of the hand. These
studies, pursued over nearly 10 years, were
incorporated in 1912 in a monograph en-
titled Infections of the Hand, which today
is regarded as the basis of our knowledge
of the adequate and efficient care of this
common and often serious condition. How-
ever, Dr. Kanavel's interest was not confined
to infections of the hand. He was initiated
into surgical practice at a time when most
men were general surgeons and the day of
the specialist had hardly dawned. While he
was an able and skilled general surgeon, it
would be more correct to describe him as
a specialist in many fields of surgery. His
early association with Dr. Frapkhn Martin
afforded him the opportunity to acquire a
wide experience and develop an excellent
technic in gynecologic surgery.

Dr. Kanavel also became keenly inter-
ested in neurologic surgery; he developed an
oniginal method of approaching the pituitary
fossa through the nose and skillfully per-
formed operations on the trigeminal nerve
far the relief of tic douloureux and on the
spinal cord for pathologic conditions involv-
g the spinal pathways. He prepared the
section on neurologic surgery in Ochsner’s
System of Surgery. With Dr. Charles Elliott
he studied the problem of congenital hemo-
Iytic icterus and was the first in America to
remove the spleen as the effective therapeu-
tic procedure in this, in 1915, often unrecog-
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nized disease. It seemed as though every-
one at Northwestern University or Wes-
ley Hospital who was confronted with
some unusual or difficult problem turned to
him for help. Whether it was a man with a
serious burn requiring plastic work, a
woman desperately ill from thyroid intoxica-
tion, a man with long-continued drainage
from an empyema cavity, or a child with a
congenital deformity of face, lip or hand, Dr.
Kanavel seemed to come first to the mind
of the attending physician as the one best
qualified to give expert help.

Dr. Kanavel was quite as much at home
in the field of abdomnal surgery as in that
of the extremities, and, though he never
“operated by the clock » if he ever chose to
“put on steam” it was difficult for his assist-
ants to keep pace with him. He could carry
out routine procedures with unusual dex-
terity and lightning speed, but, when working
about 1he axillary vessels in performing a
radical’ operatlon for carcinoma of the breast
or removing a congenital cyst close to the
carotid sheath, he was patience and gentlc-
ness personified,

Once, when operating before a large group
of visiting surgeons on a patient with a huge
retrosternal goiter, an intrathoracic vein
suddenly gave way, with profuse and alarm-
ing hemorrhage. Quickly he passed a finger
behind the sternum, stopped the bleeding by
pressure and then, by sense of touch alone,
placed a hemostat on the torn vessel hidden
in the thorax. Dr. Charles Mayo said after-
ward that it was the coolest performance
under fire that he had ever witnessed. On
another occasion, after watching him re-
move, through the posterior pharyngeal wall,
a bullet that had lodged just below the base
of the brain, between the occiput and the
atlas, of a 15-year-old boy, Sir Berkeley
Moynihan said that, if ever he needed to
have an unusually difficult operation per-

formed on himself, he hoped that Dr. Kana-
vel would be there to do it.
In spite of his acknowledged ability and
success in the field of surgery, there was

absolutely nothing of the egotist about him.
Often he told the story of a distinguished
visitor from New York who, in his Chicago
hotel, was seized suddenly with abdominal
pain. Dr. Kanavel was called to see him, as
were three other well-known Chicago sur-
geons. Eventually Dr. Kanavel was asked
to operate upon him, and the patient made
a successful and uneventful recovery. Just
before the patient left the hospita] Dr. Kana-
vel said to the man’s secretary, “I am inter-
ested to know why I was chosen to operate
upon Mr. Blank.” At this point he would
always remark with amusement and delight,
“I thought, of course, he would say, ‘We
could not help but sense your surgical skill,’
or ‘Your surgical reputation extends far be-
yond Chicago.”” Instead came the reply,
“Well, Mr. Blank himself made the decision.
He said anyone as homely as Dr. Kanavel
must surely be honest.”

Dr. Kanavel left behind him many evi-
dences of his outstanding activities and his
wide interests in the field of surgery. The
world-wide reputation of the surgical journal
Surgery, Gynecology and Obstetrics speaks
eloquently of the time and the effort that he
expended on it, as associate editor and edi-
tor, from the day of its beginning to the day
of his death. It was always close to his
heart. He felt that it was a vital force in
making better surgeons and in heliping the
practitioners of surgery in America, particu-
larly those outside the teaching centers, to
keep pace with the rapid changes constantly
going on in surgical practice.

Beside the office of Surgery, Gynecology
and Obstetrics is the beautiful Murphy Me-
morial Building and the home of the Ameri-
can College of Surgeons. From its inception
Dr. Kanavel was closely associated with Dr.
Franklin H. Martin in the development of
the College and helped constantly to direct
its activities. This, too, he felt was a definite
and vital organization, not imposed upon the
medical profession but growing up within it,
that could help to raise and maintain high
standards of surgical practice and hospital
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service in America and so bring lasting bene-
fit to suffering humanity,

His monograph Infections of the Hand,
his best-known contribution to surgical prog-
ress, was widely recognized and acclaimed,
not only in America, but throughout the
world. It would be difficult to estimate how
many hands have been saved and restored to
useful function because of his original con-
tributions on the pathagenesis, the course
and the correct surgical treatment of acute,
spreading infections of the hand. No less im-
portant than his contribution to the subject of
infections of the hand were his many papers
on the treatment of injuries of the covering
tissues of the hand, of tendons and nerves and
of congenital and acquired deformitics, and
his contributions in the field of neurosurgery
and abdominal surgery.

A report of the removal of pituitary
tumors by an intranasal route, described in
1909 and 1910, antedated by many years a
method that is being utilized today in the
femoval of the pituitary gland for malignant
disease.

A report on tuberculous tenosynovitis of
the hand, published in 1923, was the first
authoritative paper on this subject in Ameri-
can surgical literature. A paper on splinting
and physiotherapy in infections of the hand,
published in 1924, called attention to the
importance of the position of function and
led 10 the abandonment by thoughtful sur-
geons of the crippling banjo splint and of the
too-frequent tendency to immobitize injured
and infected hands in complete extension for
prolonged periods of time, A report of 29
cases of Dupuytren’s contraction with de-
tailed anatomic studies of the palmar fascia,
published in 1929, was regarded so highly
that parts of it were published verbatim
under another name and in a different surgi-
cal journal. An exhaustive study of con-
genital malformations of the hand, published

10 two successive numbers of the Archives of
Surgery in 1932, remains the outstanding

contnibution on this subject in American
surgical literature,

Dr., AtLen B. KANAVEL

Less tangible, but not of lesser importance,
of Kanavels contributions were the stimulus
and the determination that he inspired in his
students and associates to study, to contrib-
ute to medical progress and to carry out the
best possible type of surgical practice. As
with all great teachers, he lives on in those
who studied under him and learned some-~
thing of the kindliness, the humility and the

idealism that were his outstanding charac-
teristics,
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Surgical Anatomy of the Hand

H. Minor NicnoLs, M.D.

Surgery of the hand requires a detail.cd
knowledge of anatomy. The surgeon’s dis-
section in normal tissues should be rapid
and effortless, leaving ample time for exci-
sion of pathologic tissues or repair of ten-
dons, nerves or bones. While dissecting-
room specimens provide the usual source of
anatomic knowledge, most cadaver hands
are of such poor quality that their usefulness
is limited. Freshly amputated surgical speci-
mens are much better.

To provide a set of charts having a three-
dimensional quahty, the plates in this chapter
were made from layer dissections of a fresh
specimen. Accuracy of color and proportion
was ensured by photographing each dissec-
tion To guide the surgeon, the structures are
shown as they oceur in each layer, much
like an architect’s plans of each fioor of a
house. Some variation in the dissection of
the digits was made to show in detail the
tendon mechanism

SKIN

Landmarks. The skin of the hand fits
tightly enough to reveal many of the under-
lying structures. Beneath the dorsal skin it
is easy to see (and palpate) the extensor
tendonss, as well as the metacarpals and the
wrist joint. The volar skin is well marked
by flexion creases that lie opposite joints or
attach the distal palm to the fingers. The
muscles forming the thepar and the hypo-
thenar eminences can be seen and palpated
when tensed, and in thin individuals the
tensed flexor tendons are palpable. Other
palpable landmarks are the radial and the

ulnar styloids marking the wrist joint and the
greater multangular and pisiform indicating
the location of the carpal tunnel. On the
front, the skin is well anchored by many
vertical fibers, which extend through the
superficial fat to the heavy palmar aponcu-
rosis beneath. On the dorsum, it is Joose
and elastic, stretching when the fingers are
flexed.

DEEP FASCIA

When the skin and the superficial fascia
are removed, the deep fascia (Figs, 1 & 2;
Plate 1) is revealed. Perforating vessels and
cutaneous nerves are encountered at this
level as they penetrate the deep fascia and
lie between it and the skin. Dorsally, the
sensory branches of the radial and the ulnar
nerves come to the surface an inch or so
above the wrist and then branch out in a
variable pattern to cover the back of the
hand. Volarly, two small branches of the
median and the ulnar nerves appear simi-
larly to supply the base of the palm. In the
fingers, digital branches emerge from be-
neath the palmar fascia to supply the skin
on each side of each digit. These latter
nerves are most important for sensation.
The ulnar nerve and artery emerge from
beneath the volar carpal ligament at the
wrist and pass beneath the palmaris brevis
and under the medial edge of the palmar
fascia into the hand. FElsewhere, the dee;
fascia thoroughly covers the structures
beneath.

The palmar fascia and the transverse
carpal ligaments are specialized thickenings
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FiG. 4. Transverse palmar inci-
sion with extension down mid-
lateral border of hand for exposure
of motor branch of ulnar nerve.

of the deep fascia. The transverse carpal
lignment roofs over the carpal tunnel, being
attached to the bony prominences of the
pisiform and the hook of the hamate medi-
ally and the greater multangular and the
navicular laterally, Posteriorly, a thickening
called the dorsal carpal ligament bridges
over the extensor tendons at the wrist and
binds each functional tendon unit into a
separate groove, The palmar fascia is a tri-
angular ligament that is continuous with the
transverse carpal ligament; it extends dis-
tally to cover the area over the metacarpals
w the palm Heavy perpendicular bands at-
tach it to the metacarpals, and prolongations
of it run out into the digits, By a series of
arches over the structures beneath, 1t pro-

FiG. 3. Mid-lateral
incision in the index
finger with short pal-
mar extension., Mid-
Iateral thumb inci-
sion (usually made
on radial side of
thumb).

tects and supports tendons, neurovascular

bundles and lumbrical muscles. It blends
with the fascia over the thenar and the hypo-
thenar muscles, By numerous bands to the
skin it attaches the palmar skin to the under-
lying bony framework of the hand. The pal-
mar fascia is intimately connected to the flexor
tendon sheaths, which extend from the meta-
carpophalangeal joints to the distal phalanges.
These sheaths are thickened along the pha-
langes and thinned out at the joints.

DEEP STRUCTURES

(Figs. 1 & 2; Plates 2 & 3)
Between the enveloping fascia and the
underlying bones one finds the muscles, ten-
dons, nerves and vessels There are about
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Deop Structures 9

a dozen musculotendinous units on cither
sueface of the forearm. Forearm muscles are
all pinnate or bipinnate, with a ccntr:_ﬂ core
of tendon extending for a long distance
above the Jotendinous juncti The
musculotendinous juncture of each tendon is
far cnough away from the wrist so that
nothing but tendon slides under the volar ot
the dorsal carpal ligament. Dorsally, the
superficial tendons have the longer excur-
sion, and with correspondingly longer cx-
posed tendons, whereas volarly the deep
tendons have the longer cxcursions and
longer tendons.

From the surgeon's peint of view, the
proximal two thirds of the forearm is mostly
muscular and the distal one third mostly
tendinous. The principal nerves and vessels
are on the volar surface of the forearm, lying
between the superficial and the deep mus-
cles and emerging near the wrist to lie super-
ficially to the tendons. (This relationship is
well illustrated in Fig. 2; Plates 2 & 3.)

With the forearm held in mid-pronation
and supination, the origin and the insertion
of the flexor and the extensor muscles are
properly aligned and the relationships made
less confusing. In this position the extensor
muscles arising from the external condyle
and the flexor muscles arising from the in-
ternal condyle can be visualized as they
spread out over their respective forearm
surfaces, and their tendons can be followed
in a direct line to their respective wrist and
digit insertions. On both dorsal and volar
aspects the tendons that move the fingers
hie between the tendons that move the wrist.

DorsaL MUscLES AND TENDONS
(Plate 1; Figs. 1-3)

Dorsally, the structures are more spread
out and the layers less confusing than vo-
larly, The dorsal muscles arise superficially
from a common tendon of ongm at the
external epicondyle and deeply from osseous
origins on the radius and the ulna, and the
interosseous membrane.

Anatomy texts class the wrist extensor

muscles with the extensors of the fingers in
the superficial group of muscles. This clas-
sification is confusing because the tendons
of the wrist extensors lie deep to extensors of
the thumb at the wrist, (Fig. 1, Plate 3,
shows a more rational division for surgical
anatomy.) At the wrist and on the back of
the hand the tendons are all at about the
same depth except that the thumb extensors
and abductors at the wrist pass over the
radial wrist cxtensor. The proprius muscle
of the index finger and the long extensor of
the thumb arc the lowest and the deepest
structures on the dorsum of the forearm.
Where the extensor tendons pass under the
dorsal carpal ligament cach one is provided
with a small separate sheath or bursa. The
extensor tendons on the dorsum of the hand
lie in the soft areolar tissues beneath the
skin and superficial fascia, making them
simple to repair, graft or transfer.

The dorsum of the fingers is covered by
an aponeurosis that extends the finger joints.
The insertion of the extensor tendons is into
the base of this aponeurosis over the meta-
carpophalangeal joints. The aponeurosis is
triangular, with the apex inserting into the
distal phalanx and the base receiving the
insertions of the interossei and the lumbri-
cales at its angles and the common extensor
tendons at its thickened center. When the
extensor tendon is tensed, the entire apo-
neurosis slides proximally, and the extensor
tendon exerts a direct pull on the dorsal
articulating lip of the middle phalanx ex-
tending this joint, and as this joint straightens
the pull is transmitted by the lateral bands
to the distal joint. The interossei then act
to abduct or adduct the fingers and 1o pre-
vent hyperextension of the metacarpophalan-
geal joints. Meanwhile, the lumbrical mus-
cles draw the flexor tendons distally and aid
the interossei in extending the fingers. When
the extensor tendons are relaxed, the entire
aponeurosis slides distally, allowing the inter-
ossei to flex the metacarpophalangeal joints
and through their lateral bands to extend the
interphalangeal joints. The complexities of
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this mechanism have been exaggerated in
numerous descriptions because of the inter-
action of the intrinsic and the extrinsic mus-
cles of the hand and the bizarre positions
assumed when the hand is out of balance.
When the interossei are paralyzed in a recent
ulnar nerve lesion, the fingers can be made
to extend properly simply by placing the
dorsum of the hand on a flat surface. The
more advanced states of these conditions
(claw hand, for example) are a summation
of imbalance of musculature plus secondary
joint changes, muscle contractures, etc. (Sce
also the paragraph on intrinsic muscles.)

VOLAR STRUCTURES
(Plate 2; Figs, 1-4)
The superficial muscles of the front of
the forearm have their origin from a com-
mon tendon on the medial epicondyle of
the humerus and adjacent ligaments and os-
seous structures of the elbow. This group
includes the pronator teres, the wrist flexors
and the flexor digitorum sublimis. The flexor
carpi radialis crosses the forearm in its upper
third and then lies along the medial border
of the radius. Its tendon runs through a
separate fibro-osseous canal external to the
carpal tunnel to insert in the base of the
second and the third metacarpals. The flexor
carpi ulnaris lies along the medial border of
the ulna. At the wrist its tendon inserts into
the pisiform bone, from which hgamentous
fibers go to the carpus and the fifth meta-
carpal. The flexors of the digits lic between
these wrst flexors. The subltmis muscles
arise from the internal epicondyle. Thewr
tendons pass through the carpal tunnel at
the wrist, fan out 1n the hand and attach to
the sides of the middle phalanges of the
fingers, At the wnst the tendons of the long
and the ring fingers lie superficial to those
of the index and the Iittle fingers. Each sub-
hmis tendon is split over the proximal pha-
lanx to allow the profundus to pass through
it.
The deep muscles include the flexor
digitorum profundus and the flexor pallicis

longus muscles. They arise from the upper
two thirds of the radius and the ulna, and
their tendons lie in the deepest layer, being
situated on top of the pronator quadratus,
the bones of the carpus (passing through
the carpal tunnel) and then the metacarpals
in the hand. They insert on the distal pha-
langes of the digits. At the wrist the digital
fiexors enter bursal sacs that extend into the ~
hand, and in cach digit there is a separate
tendon sheath extending from the metacarpal
phalangeal joint to the distal joint.

There are twenty intrinsic muscles in the
hand. Five thenar muscles position the
thumb, four hypothenar muscles position
the little finger, four dorsal interosseous
muscles abduct the fingers, and three volar
interosseous muscles adduct the fingers.
There are also four lumbrical muscles. The
combined function of these muscles is impor-
tant, especially in fine motions. They co-
ordinate flexion and extension, cup the palm
and rotate the thumb, similar to the action of
the boom of a crane. When damaged, usually
they can be repaired or excised; when para-
lyzed, their functions can be replaced by
certain substitution operations.

NERVES AND VESSELS

There are three nerves on the volar sur-
face of the forearm: ulnar, radial and median.
The ulnar artery accompanies the ulnar
nerve; the radial artery, the radial nerve; and
at ttmes a medan artery accompanies the
median nerve. In the proximal muscular part
of the forearm the nerves and the arteries lie
between the superficial and the deep layers
of muscles.

The ulnar nerve lies in a groove between
the trochlea and the olecranon on the medial
side of the elbow. It enters the forearm by
passing between the heads of the flexor carpi
ulnaris muscle and follows down the course of
its muscle lying lateral to it. At the wrist it
emerges from under cover of the flexor carpi
ulnaris tendon and passes beneath the volar
carpal Iigament and the palmaris brevis mus-
cle into the palm. Branches at the elbow sup-
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ply the fiexor carpi ulnaris and the ulnar half
of the flexor profundus muscle. There are no
further branches until it passcs the pisiform
bone. Here it divides into a decp motor
branch and superficial sensory branch. The
deep branch of the uinar nerve penetrates
through the origin of the hypothenar mus-
cles arising from the lateral side of the hook
of the hamate and then passes transversely
across the volar surface of the metacarpals.
By individual twigs it supplies the hypothenar
muscles, all the interossei, the short adductor
and the ulnar head of the flexor pollicis brev-
is, as well as the two ulpar Jumbrical muscles.
As it crosses the palm, it accompanies the
deep palmar arch formed by the deep
branches of the radial and the ulnar arteries.
The superficial branch of the ulnar nerve
passes beneath the palmaris brevis vessel and
then divides into two common volar digital
branches, one of which supplies the fourth
cleft and the other the ulnar side of the little
finger.

The ulnar artery arises from the brachial
just below the bend of the elbow. It passes
beneath the bellies of the superficial flexor
muscles and crosses obliquely beneath the
median nerve on top of the profundus mus-
cles to join the ulnar nerve in the upper third
of the forearm. It accompanies the vlnar nerve
throughout the rest of its course, lying super-
ficial to it in the forearm and medial to it in
the wrist.

‘The radial nerve, which is both a dorsal
and a volar structure, passes through the ori-
gin of the brachioradialis muscle at the elbow
and divides into a deep motor branch and su-
perficial sensory branch. The deep motor
branch winds round the neck of the radius,
Passing through the supinator muscle, which
it supplies, and then continuing down be-
tween the deep and the superficial layers of
the extensor muscles. Large branches given
off near the elbow supply all the muscles aris-
Ing from the external epicondyle. A smaller
branch runs down beneath these muscles to
supply the extensors and the abductors of the

thumb and the extensor indicis proprius mus-
cles. The sensory branch of the radial nerve
lics just beneath the brachioradialis through-
out most of the forcarm, About two or three
inches above the wrist it turns dorsatly, pass-
ing beneath the brachioradialis tcn_don and
picrcing the fascia to supply the skin on the
back of the thumb and the index finger.

The radial artery arises from the brachial
opposite the ulnar artery. The radial artery
accompanies the superficial branch of the ra-
dial nerve throughout most of the forearm,
lying on top of the pronator teres and the
flexor pollicis longus. In the lower part of the
forearm, it lies between the tendons of the
flexor carpi radialis and the brachioradialis.
At the wrist it passes beneath the long ab-
ductor and extensor tendons of the thumb and
appears briefly on the dorsum of the first
metacarpal before it penetrates the first dorsal
interosseous muscle at the apex of the first
cleft. Then it passes deep to all the structures
in the palm as the deep palmar arch. Here it
accompanies the deep motor branch of the ul-
nar nerve.

The median nerve enters the forearm
with the brachial artery passing beneath the
lacertus fibrosis in close proximity to the bi-
ceps tendon. At the elbow it crosses the ulnar
artery, passes between the two heads of the
pronator teres, thence down the middle of the
forearm between the deep and the superficial
muscles, In the distal tendinous portion of
the foreatm the median nerve emerges from
beneath the sublimis tendons and corues to lie,
first, radial to these tendons, then at the wrist
and in the hand on top of them. It passes
through the carpal tunnel in this position. A
deep muscular branch at the elbow is given
off that branches further to supply all the mus-
cles arising from the median epicondyle ex-
cept those two supplied by the ulnar nerve.
Branches also go to the profundus and the
pronator quadratus muscles. The main
branch runs through the forearm without
branching unti] it emerges from the carpal
tunnel. The nerve here becomes flattened and
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FiG. 5. Offset between skin incision
and ligamentary incision (broken line) to
expose carpal canal.

splits into two portions. The lateral porti
gives off the motor branch to the thenar mu
cles, and the sensory digital branches to t,
thumb and the radial side of the index finge
The median portion divides into two comme
volar digital nerves that run to the secor
and the third clefts.

Immediately beneath the palmar fascia
the proximal part of the palm lic the supe
ficial palmar arch and its common volar di
ital branches. The sensory branches of t]
median and the ulnar nerves pass beneath tl
vessels in the palm, and here the nevrovasy
lar bundles Jie against the lumbrical muscle
They then pass through the lumbrical cana
to the fingers with the lumbrical tendons.

INCISIONS

Surgical incisions in the hand should tal
advantage of lines where the skin does m
move to avoid contracture, should be planne
so that kindly healing will occur, and shoul
give the required exposure. A mid-lateral i
cision in a digit (Fig. 3) corresponds to tt
mid-line incision in the abdomen. It givt
good exposure, it can be extended, and i
healing it does not interfere with function. A
incision along a crease in the palm likewis
does not jeopardize blood supply to the fla
and heals without contracture. Mid-later:
incistons in the palm (Fig. 4) are occasionall
useful but do not give good exposure unles
they are used as extensions of palmar-creas
incisions. Whenever an incision crosses :
joint on moving skin, a zigzag should be mad
to reduce scar contracture. Palmar skin witl
its specialized whorles and padding ant
abundant pacinian corpuscles should not be
sacrificed rily, as any repl
isinferiortoit.

In operations on the hand and the forearn
it is often advantageous to dissect the skir
away from the deep fascia before doing fur-

Fic 6. Incisions for Dupuytren’s contracs
tuze. Broken line for maximum involvement 0f
little finger. Solid line for maximum involvement
of ring finger,
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erations on the fingers and the thumb, mid-
lateral incisions give the best approach to
flexor tendons and nerves. A short trans-
verse incision may be used for excision of
small ganglia or other small tumors. In any
transverse incision in the digits, the digital
nerves should be protected. At times the
surgeon will desire to expose the structures in
the thenar eminence, By making a long in-
cision mid-laterally over the proximal pha-
lanx and metacarpal of the thumb, a flap of
skin and subcutaneous tissue can be turned
up, and the entire thenar musculature, to-
gether with nerves and tendons, will be ex-
posed. This incision is quite satisfactory for
nerve or tendon repairs, and, if careful atten-
tion is paid to hemostasis, kindly healing is
assured.

The motor branch of the median nerve
should be protected carefully in any opera-
tion on the palm of the hand or the carpal
tunnel, The author prefers always to dissect
it out and identify 1t when doing a palmar
fasciectomy for Dupuytren’s contracture, as
it has often been damaged in this operation.
When the motor branch of the ulnar nerve is

Fic. 8. Incistons for exposure of exten-
sor tendon nsertions over middle and
distal joints.

damaged in a deep saw cut or in a puncture
wound on the ulnar side of the hand, it can
be dissected out and repaired through an
incision along the proximal transverse pal-
mar crease turning down the ulnar border of
the palm at the metacarpal level (Fig. 4).
The skin and the subcutaneous tissues are
raised as a flap and turned back to expose
completely the origin of the hypothenar mus-
cles from the hook of the hamate and the
origin of the deep and the superficial branches
of the ulnar nerve. The muscle origins are
detached, and the nerve then can be followed
down into the depth of the palm.

DorsaL INCISIONS

Dorsal incisions on the hand may be linear,
transverse or serpentine, depending on the
operator’s preference and the exposure re-
quired. A jog is made in the incision when-

Fic 9. Dorsal incision for exposure
of extensor tendons, wrist ganglia, ete.
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The Place of Flexor Tendon Grafts in the
Repair of Flexor Tendon Injuries to the Hand

D. C. ROBERTSON, M.D.*

Division of the flexor tendons of the fingers
and the thumb within the sheath is an injury
that often is repaired now by a tendon graft.
This is a change from the past, when primary
suture was the only method of management.
The frequent bad results of primary suture
have forced the adoption of tendon-graft re-
pair, sometimes in unsuitable cases and often
with poor results. Enough time has passed
since the introduction of this operation to
gain experience and judgment. The early en-
thusiasm must now be tempered by this ex~
perience if poor results are not to continue in
spite of improved technics.

The careful selection of cases and knowl-
edge of what can be accomplished by a
tendon-graft repair will improve the results
of these operations. It must also be remem-~
bered that there is still a place for primary
repair, and in certain circumstances it may
give a better result than a tendon graft.

First of all, some basic principles must
be stated. These have been leamed through
experience. No tendon repair of any kind
should be attempted when the wound is *“un-~
tidy” or the injury is several hours old. This
is even more important in cases in which
there are concomitant injuries, such as frac-
tures of the phalanges, loss of skin cover 1
the finger, or damage to one of the jomnts of
the finger. However, associated nerve injury
may accompany a tendon repair without de-

* Toronto, Ontario.

tracting from the result. With these principles
in mind it is clear that most cases of division
of the flexor tendons will not be suitable for
immediate repair.

In the case of an old injury there are also
certain principles to be followed. No tendon
repair should be considered if there is limita-
tron of passive movement in the proximal
interphalangeal joint. The original wound
must be well healed, and the tissues of the
finger must be free of swelling and be soft and
supple. Division of both digital nerves is a
contraindication. In our experience, the anes-
thetic finger is 2 poor operative risk; it
likely to be stiff and to be already the seat of
atrophy and sensitivity to cold, Unless the
nerve injury can be repatred, a tendon repair
will also fail.

The foregoing states a very broad princi-
ple: the conditions required for a tendon re-
pair of any kind in either a fresh injury or an
old one are the same. For a repair to be con-
sidered, the wound in a fresh case must be
the same as the surgical wound at operation
—<clean, recent and incised In addition, the
finger must be free of other injuries or dis-
abulities. When the mjury is recent and these
conditions are not fulfilled, the necessary
steps must be taken to achicve them, and
this means elective reparr at a later date.
If the condittons are fulfilled in a recent jn-
jury, either a tendon-graft repair or primary
suture may be done,
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So far the discussion has concerned those
cases in which a tendon-graft repair may be
unwise. The tendon division found to be be-
tween the proximal crease of the finger and
the insertion of the sublimis when the finger
is extended at operation will require a tendon-
graft repair, Fear of infection becausc of the
duration of the wound or injury, or its condi-
tion, nearly always dictates elective repair.
Elective repair is also dictated by concomi-
tant injuries to bone or joint, by extensive
superficial lacerations, and by division of both
digital nerves. All these conditions must be
repaired first, and this 1s true of fresh and old
injuries, Indeed, the old injury, with the fin-
ger stiff in acute flexion after a primary repair
that has stuck, will require operation for the
removal of the adherent tendon so that the
finger may be mobilized. It may be wise to do
nothing more than this and to await the re-

turn of good passive movement before at-
tempting any repair.

TECHNIC

The technic of tendon-graft repair has been
well described many times. Here the author
mentions a few points that he considers will
help to improve results.

Although the palmaris Jongus frequently
is used, the author much prefers the long ex-
tensors of the toes as donors, These tendons
are long enough and are surrounded by pa-
ratenon. Their removal leaves no unsightly
scar or disability. They are taken through
the incision shown in Figure 1. The exposure
in the palm and the finger is obtained through
the incisions shown in Figure 2. In the dis-
section of the finger, care should be taken to
remove all the tendon sheath. The object of
the operation s not to replace a tendon in the

Ot — e —

Fic. 1 Incision for removal of extensor tendon of toe for tendon graft
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is maintained in acute flexion, there is not
sufficient flexor power remaining to disrupt
the suture lines of the tendon graft. However,
this experience has not been universally con-
firmed; it may result in disruption about the
tenth or the eleventh day.

Fig. 4. Completed anastomosis of graft to profundus tendon.

When the cast has been removed, physio-
therapy is begun. It is far more important to
train the patient to do what is required than
to provide a physiotherapist. The postopera-
tive period must be the responsibility of the
surgeon himself. There should be some active

Fic 5. Completed tendon graft in finger, showing preservation of a
retinaculum to prevent bowstringing.
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movement when the cast is removed. This
willincrease with time and persistent exercise.
When there is no active movement at all 1
weck after removal of the cast, there never
will be any; continuing physiotherapy is use-
less. Physiotherapy can only increasc @ range
of movement when there is some movement
to begin with.

SUMMARY

The conditions under which a tendon-graft
repair may be carried out depend upon the
location of the injury. At the time of opera-
tion the injured finger must be normal in all
other respects: good passive movement must
be present, good sensation must have re-
turned, and all swelling and induration must

have subsided. These conditions may require
a long period of time between injury and
clective repair.
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Le Rolo de Graffos de Tendine Flexori in le Reparo de Vulnerationes
de Tendine Flexori del Mano

Summario in Interlingua

Le autor discute le varie typos de vulnere
que produce lesiones del tendines flexori del
mano. Es signalate que vulneres contaminate
e vulneres presentate plus que alicun horas
post lor occurrentia non tolera un reparo
primari de tendines. Tal vulneres require
disbridamento de forma appropriate e clau-
sion con satis tempore pro avantiar Je pro-
cesso curative al restablimento de mobilitate
articular in le digitos vulnerate ante que un
reparo elective es interprendite. In le experi-
entia del autor, nulle reparo de tendines ha
unquam succedite in casos de vulneration
associate con perdita de pelle digital o con

fracturas o con Jesiones articular. Tal casos
require le reparo del lesiones associate e un
intervallo de tempore pro lor convalescentia
ante que un elective reparo de tendine pote
esser interprendite. Le reparo de un trauma-
tisation de tendine flexori in le mano non
pote unquam succeder si illo es interprendite
ante que un gamma complete de movimentos
passive ha essite restablite. In plus, le presente
articulo delinea in detalio le technica usate
per le autor in reparo per graffo de tendine.
Es delineate e illustrate le avantages del typo
telescopic de anastomose inter e graffo ¢ le
termina secate del tendine profunde.
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Exposing Fractures of the Proximal Phalanx
of the Finger Longitudinally Through the
Dorsal Extensor Apparatus

DonaLp R. PRATT, M.D.*

Fractures of the phalanges of the fingers
result in both considerable temporary and
permanent disability. The proximal pha-
langes of the fingers are fractured much more
frequently than the middle or even the distal
phalanges. These fractures may result from
either direct or indirect trauma; they may be
simple or compound, but generally they are
communuted. Although there may be little or
no displacement, deformity with considerable
displacement is typical when the proximal
phalanx is fractured.

Because of the resultant relationship of the
muscle balance of the long extensor and flexor
muscles of the fingers and the intrinsic mus-
cles of the hand (the interossei and the lum-
bricals), fractures of the proximal phalanx
generally result in marked deformity.

The deformity in shaft fractures of proxi-
mal phalanges is a volar angulation or bow-
ing, resulting from flexion of the proximal
fragment by the taut interossei and lumbrical
muscles flexing the proximal finger joint by
their transverse fibers and a dorsiflexion of
the distal bony fragment from the pull on the
dorsal aponeurosts through its lateral bands

by the intrinsic muscles and its central shp
by the long extensor tendon. This deformity
may be complicated by lateral angulation and
even rotation displ when cc
tion is present.

* San Francisco, Calif.

2

Specific principles must be followed for
the adequate treatment of finger fractures.*
Several methods may be used in fractures of
the proximal phalanges of the fingers. In un-
displaced simple fractures, splinting wrist,
hand and involved finger in the position of
function generally suffices. When there is
displacement or deformity, some type of
Bohler or Watson-Jones splinting is com-
monly employed. This consists of reduction
of the deformity and maintenance of the po-
sition with some type of skin or pulp immo-
bilization. Thus the desired position of the
fracture, with the wrist in dorsiflexion and
the finger in a semiflexed position of function,
is maintained following manipulation. This
method usually is adequate. However, it must
be remembered that it is not without associ-
ated problems. Specifically, traction and un-
due Jocal points of pressure should be
avoided; proper rotary position and angula-
tion of the finger joints must be maintained,
and the judicious use of some type of occa-
sional exercise of the fingertip must be car-
ned out,

When the finger deformity is severe or the
fracture is compound, surgical intervention
invariably is required. Accurate reduction of
the fracture and maintenance of the desired
position can best be achieved by internal fixa-

* Bunnell, Sterling: Surgery of the Hand, ed 3,
Phuladelphra, Lippincott, 1956.
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tion with Kirschner wires. This docs not add
any complicating factors, because frequently
these fractures are already compound. If the
fracture can be exposed through the wound,
reduction and positioning of the bony frag-
ments can generally be accomplished most
satisfactorily by the following method: A
Kirschner wire is inscrted retrograde through
the fracture site distally. The fracture then is
reduced, and adequate positioning of the frag-
ments is obtained and maintained by passing
the Kirschner wire proximally across the
fracture site well into the proximal bony frag-
ment.*

In those cases in which the simple frac-
ture is associated with considerable deform-
ity, angulation or rotation, or the fracture
is compound and not adequately exposed
through the wound, or the fracture is
associated with tendon injury, the use of
open reduction and Kirschner wires has
been found to be of tremendous advantage
in the treatment of the fracture deformity. It
permits accurate reduction of the fracture,
satisfactory immobilization of the fracture
in the reduced position, maintenance of the
finger position without an external plaster

* Pratt, D. R,
Mallet-fi 1.

unnell, S., and Howard, L. D.:
I} i i and h
ment, Am. J. Surg 93:573-579, 1957.

ds of treat-

splint, which generally encumbers the rest of
the hand and the digits, and carly mobiliza-
tion of the fingers so as to minimize joint
stiffness and ensure carly exercise of the as-
sociated repaired tendons.

The metacarpophalangeal joint area fre-
quently is exposed in surgical capsulectomy.
The convenient procedure has been to ex-
pose the extensor hood over the knuckle and
to excise the collateral ligaments on each
side of the extensor apparatus, For some
time Dr. L, D, Howard, Jr., of San Fran-
cisco, has used the dorsal exposure of the
metacarpophalangeal arca by splitting the
cxtensor apparatus longitudinally over the
knuckle and rctracting the extensor tendon
laterally, thus providing excellent exposure
of the capsule and the collateral ligaments of
the metacarpophalangeal joint. The slit in
the extensor tendon then is approximated
with a continuous single monofilament No.
34 stainless-stee] wire suture or with inter-
rupted buried braided Fagersta wire sutures,
restoring continuity of the extensor appa-
ratus and permitting early motion without
disability to the joint or the extensor mecha-
nism,

Excellent exposure of a fractured proxi-
mal phalanx can be obtained by this dorsal
longitudinal splitting of the extensor tendon.

Compound fractured i
phalanx with defor%?tx)}mal

FIGURE 1

tendon
intact
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. Fio. 2. Diagrammatic stages
in the exposure of the dorsum of
the finger with a fractured proxi-

Skin incision

mal phalanx.

Longitudinal incision in

extensor tendon

mserted

Kirschner wire

The lateral or oblique approach to the
proximal-finger segment 1s difficult and offers
inadequate exposure. The use of the dorsal
approach to the proximal segment of the
finger was used recently in 17 cases of frac-
tured digits and proved adequate in all. The
extensor tendon is split Jongitudinally, ex-
posing the shaft of the proximal phalanx and
either the metacarpophalangeal or the proxi-
mal interphalangeal joints of the finger, or
both, Then the fracture can be reduced un-

FiG, 3. Diagram of insertion
of Kirschner wire across the frac-
ture site.

der direct vision and the position held, while
pinning, either directly or retrograde through
the fracture site, achieving reduction of the
fracture and firm fixation. By placing one
of the Kirschner-wire pins axially and one
obliquely, rotational deformity is avoided,
and stable internal fixation is ensured. Next,
the extensor tendon is approximated with
several buried interrupted fine braided wire
sutures, and the skin is closed with inter-
rupted monofilament stainless-steel sutures
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No plaster support is nccessary, and ordi-
narily carly gentle exercise can be instituted
to minimize soft-tissue swelling and finger-
joint stiffncss, Under Jocal anesthesia in the
office, the pins are cut off just beneath the
skin to obviate local irritation and yet to

permit casy removal upon healing of the
fracture.
DISCUSSION
In this scrics of 17 cases, 8 simple frac-
tures were treated. The fracture sites were
exposed through curved incisions across the

Fi6. 4. (Top) Fracture fixed with Ki 1
r rschrer wires. Note in
fine wire sutures in the extensor tendon beneath the dxor[se::lmspl:ie:

(Botrom) Oblique fracture of proxim i
. ?
- dqon et pi al phalanx pinned with Kirschner
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dorsum of the proximal segment of the finger,
longitudinal splitting of the extensor appara-
tus providing adequate exposure and satis-
factory fixation of the fracture with Kirschner
wires. Minimal swelling was encountered, and
early motion was instituted,

The other 9 cases were compound frac-
tures. Tendon injuries were present in 7 of
them, necessitating associated primary ten-
don suture, With satisfactory fixation of the
fracture, carly mobilization of the repaired
tendons could be carried out. In 3 of the
compound fractures, modified approaches
through the extensor apparatus were carried
out because of the nature of the original
compound wound. However, in the other
cases the described operative exposure lon-
gitudinally through the extensor apparatus
provided excellent exposure of the fractured
phalanx without undue soft-tissue trauma.
Sixty per cent of the patients were back at
some type of light work within 3 weeks,
materially reducing the temporary disability.

CONCLUSION

In cases of simple and compound frac-
tures of the proximal phalanges of the fin-
gers, internal fixation has proved a definite
therapeutic adjunct. The use of the dor-

sal approach, with longitudinal exposure
through the dorsal extensor tendon, pro-
vides a most satisfactory exposure to the
fractured proximal phalanx with no appreci-
able additional trauma to the soft tissues of
the finger. This method adds a minimum of
trauma, permits most effectual reduction and
maintenance of position, obviates external
splinting, allows early mobilization, espe-
cially in the cases with tendon injury, and
minimizes both temporary and permanent
disability.

In this series of 17 cases there has been no
wound infection. In 1 case, local irritation at
one of the pins required jts removal earlier
than was originally anticipated but did not
affect the ultimate healing of the fracture.
In 1 case in this scries, the question of
possible nonunion or delayed union was en-
countered 4 weeks after reduoction. By re-
moving the oblique pin, and with compres-
sion along the axial pin, any difficulty was
obviated, and early union of the fracture was
accomplished.

It is believed that this series demonstrates
the advantages of exposure of the proximal
phalanx of the fingers through a longitudinal
incision in the extensor apparatus in treating
fractures of the proximal phalanges.

Le Exposition de Fracturas del Phalange Proximal del Digito, per Accesso
Longitudinal a Transverso le Apparato Extensori Dorsal

Summarto in Interlingua

In tractar fracturas del diaphyse del pha-
tanges proximal del digitos, simple o compli-
cate e con grados plus o minus marcate de
displaciamento, le exposition del sito del
fractura es effectuate le plus satisfactori-
mente per medio de un incision curvate al
dorso del digito e un fission Jongitudinal in
le longe tendinc extensori. Iste exposition
del fragmentos del fractura permitte mobili-
sation, correction de deformitates, e fixation
directe con filo metalhc de Kirschner. Le
methodo a usar in le exposition es presentate

in detalio, con attention special prestate al
desiderato de reducer al minimo Je disturba-
tion del function del tendines e de effectnar
le prompte mobilisation del digito in ques-
tion. Viste que le majoritate de tal sever
fracturas es compheate, le exposition per le
methodo describite rion adde ulle hasardo al
problema del reduction ¢ del fixation in-
terne. Un serie de 17 casos ha essite tractate
per medio de iste methodo de tractamento,
Le resultatos esseva excellente,



5

LT

Transposition of the Index Finger To
Replace the Middle Finger

ROBERT E. CARROLL, M.D.*

A fundamental procedure in rcconstruc-
tion of the hand is the transposition of digits.
This usually implics a transfer of the meta-
carpal and the phalanges along with the
attached tendons, nerves and vascular sup-
ply. The formation of a thumb by digital
transposition has been widely discussed.
Doubtless this procedure is of primary im-
portance in the reconstruction of an injured
hand. However, the shifting of an index
finger to replace the third finger follows that
closely in importance. This technic has not
been dealt with adequately in the literature.
A useful method for such a transposition is
discussed in the following pages.

In World War 11, when much hand recon-
struction had to be done, there was no avail-
able outline for replacing the middle finger
by the index finger. Independently, surgeons
engaged in reconstruction of the hand were
able to work out the steps necessary to make
this transfer. The author finds reference to
this only occasionally in the literature.>® In
Bunnell’s and Slocum’s texts,® which

evolved from the experience of the last war,
this procedure is not documented as fully as
its importance deserves.

UNITS OF FUNCTION IN THE HAND

Function of the hand has been discussed
and described frequently. In brief, the
author considers function to be composed
of three umits. The thumb is the valuable
prehensile digit of the grasping unit. Be-

* New York, N. Y.

cause of the almost imperceptible motion of
the carpometacarpal joint of the index and
the middle fingers, these two digits are the
unit of power. They transmit the impact of
force in a direct blow. These digits are the
firm opposing post to the pinch of the thumb.
The third unit might be called the feathering
unit. The fourth and the fifth digits are of this
group, Because of their mobility at the
carpometacarpal joint, there is a range of
motion that allows great modification in the
position of objects held by the first two units,
To give a maximum degree of function, no
deformity of a single unit that impedes co-
ordination should be present.

The four fingers or digits two, three, four
and five together form a cup in function.
Moreover, they are the opposing wall to the
mittenlike action of pinch, hold or grasp. A
break in this wall can leave a deformity that
decreases the function of the hand as a
whole. One major loss is amputation of the
third finger to a level that decreases func-
tion.? According to Furlong,* loss of more
than the entire distal and middle phalanges
of the third digit markedly deforms the func-
tion of the hand. The gap in the grasp per-
mits small objects to fall through the hole.
Frequently the short stump projects from
the fist and receives a constant traumatizing.
The index finger drifts across the gap with
angulation at the metacarpophalangeal joint,
In such a case pain at this joint has been a
presenting symptom. Amputation at the
metacarpophalangeal joint to leave a broad
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palm for a workingman is more fancy than
fact, The majority of patients in the study
under discussion here were in occupations
considered to be heavy manually.

INDICATION FOR TRANSPOSITION

Lo
R N
Fi6 1. Amputation through the proximal interphalangeal joint of the third digit left
this patient with a severely deformed hand. The stump projected from his fist, and
small objects fell through his grasp.

digit can be summarized by a typical case
history:

A young plumber, 23 years of age, had pre-
viously received a crushing injury to the distal
phalanx of his third finger. As a result, the
finger was amputated at the proximal inter-

hatangeal joint, Afthough he continued to do

When the third digit is damaged to the
extent that amputation must occur at a site
proximal to the distal quarter of the proxi-
mal phalanx, function of the finger and also
of the entire hand is diminished. The author
believes that transposition of the index finger
to replace the third finger restores maximum
function of the hand It is also gratfying to
note that the cosmetic appearance is vastly
improved,

The many problems of a workingman with
a deforming amputation site of the third

the same work, the protruding stump of the
third finger was bumped constantly. Several
small laceratrons bad become mfected. Since
this was his night and dommant hand, under-
standably the patient became less anxious to use
it n situations of potential trauma, Then, while
instailing pumping machinery, the tender pro-
truding stump of the third digit was struck by a
sharp metal corner, which caused the patient to
pull the hand back sharply. This loosened a
casting that [acerated the third, the fourth and
the fifth fingers. It was at this stage that he was
first seen by the author (Fig.1).
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include a residual stump of phalanx, scar
tissue or neuroma. The incision is carried
proximally to the base of the metacarpals.
The bony prominence is easily palpable in
this region. The extensor digitorum com-
munis tendon to the third finger is divided
longitudinally and allowed to retract, Be-
neath this, one can easily sec the shaft of the
third metacarpal with the adjacent bellies of
the dorsal interosseous muscles.

A longitudinal incision is made through
the periosteum of the third metacarpal. Then
the bone is stripped clean of soft tissue sub-
periosteally, By means of a drill and an
osteotome or a power saw, the third meta-
carpal is divided transversely at the very
base, where the flare is apparent (Fig. 4, left).
Thus it is easier to grasp the metacarpal and
strip it from its bed. In so doing, it is easily
shelled from the transverse metacarpal liga-
ment without damage to the ligament.

Through the same incision, the shaft of
the second (index) metacarpal may be seen.

An incision in the periosteum is made from
the metacarpophalangeal capsule proximally
to the base of the metacarpal. The meta-
carpophalangeal joint is not opened in any
way. By subperiosteal dissection, the origin
of the first dorsal interosseous muscle is
elevated from the shaft. Should it be found
later that more play is needed in the trans-
position, the origin of the second dorsal
interosseous muscle on the shait of the index
metacarpal may also be elevated. Usually
this is not necessary. At the base of the
index metacarpal, an osteotomy is done to
divide the shaft and free the index ray for
transposition (Fig. 4, right). Restriction in
moving the ray now may be adjusted.

At this point the periosteal tube of the
third metacarpal should be closed with inter-
rupted sutures. If it is considered to be neces-
sary, the transverse metacarpal ligament may
be reefed by a silk suture to approximate
more firmly the index and the fourth rays.
The shaft of the second metacarpal then is

Fi6. 3. The inciston 1s made on the dorsum of the hand between the second
and the third metacarpal shafts. If a stump of the third finger remains, it may
be removed by extending the incision.
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FiG. 4. (Left) The shaft of the third metacarpal is stripped of soft tissue subperios-

teally. At the base, the metacarpal is divided and removed from the wound. (Right)
Through the same incision, the shaft of the index finger is stripped of soft tissue on the
radial aspect, and the bone is divided at the base. The tube of the periosteum from the

third metacarpal then is closed.

placed on the base of the third metacarpal.
Next, two Kirschner wires are passed across
the arthrodesis site to hold the ray securely
in the new position (Fig. 5). Care must be
taken to see that the transposed ray is
aligned properly with the functional axis of
the hand. No further fixation is needed for
the interosseous muscle bellies. One or two
sutures are placed in the divided extensor
tendon. The subcuticular layers and skin
are closed in the usual manner. A plaster
gauntlet is applied to the hand in the position
of function. This is carried only to the
metacarpal heads distally so that early finger
motion may be obtained This cast remains
in place until 1t is found that firm union has
taken place in the metacarpal arthrodesis
site. Usually, the cast is removed after 6 to
8 weeks for roentgenographic examination.

DiISCUSSION OF PROCEDURE

Often questions are asked about the tech-
nic; therefore, it seems worth while to con-

FiG. 5. The index ray may be trans-
posed easily to the position of the middle
finger. By fixation with a Kirschner wire,
the osteotomy site is maintained securely,
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include a residual stump of phalanx, scar
tissue or neuroma. The incision is carried
proximally to the base of the metacarpals.
The bony prominence is easily palpable in
this region. The extensor digitorum com-
munis tendon to the third finger is divided
longitudinally and allowed to retract. Be-
neath this, one can easily see the shaft of the
third metacarpal with the adjacent bellies of
the dorsal interosseous muscles.

A longitudinal incision is made through
the periosteum of the third metacarpal. Then
the bone is stripped clean of soft tissue sub-
periosteally. By means of a drill and an
osteotome or a power saw, the third meta-
carpal is divided transversely at the very
base, where the flare is apparent (Fig. 4, lefr).
Thus it is easier to grasp the metacarpal and
strip it from its bed. In so doing, it is easily
shelled from the transverse metacarpal liga-
ment without damage to the ligament.

Through the same incision, the shaft of
the second (index) metacarpal may be seen.

An incision in the periosteum is made from
the metacarpophalangeal capsule proximally
to the base of the metacarpal. The meta-
carpophalangeal joint is not opened in any
way. By subperiosteal dissection, the origin
of the first dorsal interosseous muscle is
elevated from the shaft. Should it be found
later that more play is needed in the trans-
position, the origin of the second dorsal
interosseous muscle on the shaft of the index
metacarpal may also be elevated. Usually
this is not necessary. At the base of the
index metacarpal, an osteotomy is done to
divide the shaft and free the index ray for
transposition (Fig. 4, right). Restriction in
moving the ray now may be adjusted.

At this point the periosteal tube of the
third metacarpal should be closed with inter-
rupted sutures. If it is considered to be neces-
sary, the transverse metacarpal ligament may
be reefed by a silk suture to approximate
more firmly the index and the fourth rays.
The shaft of the second metacarpal then is

Fi6. 3. The incision is made on the dorsum of the hand between the second
and the third metacarpal shafts If a stump of the third finger remains, it may
be removed by extending the incision.
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F16. 4. (Left) The shaft of the third metacarpal is stri

pped of soft tissue subperios-

teally. At the base, the metacarpal is divided and removed from the wound. (Right)
Through the same incision, the shaft of the index finger is stripped of soft tissue on the
radial aspect, and the bone is divided at the base. The tube of the periosteum from the

third metacarpal then is closed.

placed on the base of the third metacarpal.
Next, two Kirschner wires are passed across
the arthrodesis site to hold the ray securely
in the new position (Fig. 5). Care must be
taken to see that the transposed ray is
aligned properly with the functional axis of
the hand. No further fixation is needed for
the interosseous muscle bellies. One or two
sutures are placed in the divided extensor
tendon. The subcuticular layers and skin
are closed in the usual manner. A plaster
gauntlet is applied to the hand in the position
of function. This is carried only to the
metacarpal heads distally so that early finger
motion may be obtained This cast remains
in place until it is found that firm union has
taken place in the metacarpal arthrodesis
site, Usually, the cast is removed after 6 to
8 weeks for roentgenographic examination.

DiscussioN OF PROCEDURE
Often questions are asked about the tech-
nic; therefore, it seems worth while to con-

Fig. 5. The index ray may be trans-
posed easily to the position of the middle
finger. By fixation with a Kirschner wire,
the ostectomy site is maintained securely.
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F1G. 7. The only case of nonunion re-
sulted when poor fixatron at mid-shaft
was attempted. The osteotomy should be
carried out at the base of the metacarpal
and the transposed bone fastened securely.

Fi6. 6. Two methods of transposition give equally
good results. If the second metacarpal is moved com-
pletely, it is secured to the capitate bone. When an
osteotomy at the base of the second metacarpal is
used, the bone can be fastened to the base of the
excised third metacarpal.

sider them here. In the author’s cases strip-
ping the muscle origin of the interosseous
muscle has not disturbed the intrinsic func-
tion normally shown. The digits exhibit full
flexion and extension with the usual adduc-
tion and abduction. No function of the ad-
ductor of the thumb is disturbed. Since the
adductor arises in its transverse head from the
shaft of the third metacarpal, one might sus-
pect loss of power. This is not so. Stnce the
third metacarpal is removed subperiosteally
and the tube is closed, a firm band of scar tis-
sue results. This band is anchored sufficiently
to the adjacent metacarpal posts to give
functional stability The web space between
the thumb and index fingers will mamtain
its depth and normal contour following the
ray transposition described. The question
of holding the metacarpal heads together
while bony umion occurs in the third met-
carpal arthrodesis anses frequently. The
author has not encountered the need of a
threaded Kirschner wire or any other form
of fixation other than at the arthrodesis site
at the base of the metacarpal. These arthro-
desis wires can migrate and should be
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checked by an occasional rocntgenogram for
position. The author does not remove the
wircs unless there is some indication to
do so.

In transposing the index ray to the posi-
tion of the third ray, it makes absolutely no
difference whether the entire metacarpal is
used or only an osteotomy at the base is
completed (Fig. 6). The author used this
different method on alternate patients in
twenty such cases, and there has been no
difference in end-results, When the entire
index metacarpal is transposed, it is neces-
sary to arthrodese the shaft to the capitate
carpal bone. Technically, it is more difficult
o divide completely the articular capsule
between the index metacarpal and the lesser
multangular carpal bone. No loss of power
occurs from shifting the insertions of the
extensor carpi radialis brevis and longus.
Since this is done subperiosteally, these ten-
dons still are fastened to the carpometacarpal
articulation by firm scar tissue and have the
same mechanical power. At present, the
author favors the osteotomy at the base of
the metacarpal because of the greater ease
in performing the surgery.

COMPLICATIONS
When an unfamiliar procedure is carried

Fig, 8. Care must be taken to ob;
ups of the finger point to the navicular
the alignment, (right) poor position;

out, there arc bound to be complications. It
is amazing to the author that more problems
did not arise. The osteotomy is carried out
best at the base of the metacarpal. The os-
tcotomy should be a clean cut and not bev-
cled or fragmented. At this level, the bone is
quite canccllous and should lead to carly
solid union. The bone should be fastened by
Kirschner wires so that they arc held firmly
in place. Figure 7 shows a casc in which
the arthrodesis was attempted in the shaft
and was poorly fixed by a single transfixion
wire. The resulting nonunion and angula-
tion could be expected. This is the only
case in the forty-three under discussion in
which union did not occur.

A frequent complication of finger frac-
tures is found in transposing an index ray.
In function, the tips of the second, the third,
the fourth and the fifth digits point to the
volar prominence of the navicular or hook
of the trapezium in flexion, This direction
must be considered when securing the trans-
posed metacarpal. In Figure 8 the deform-
ity resulting from a deviated rotation is
apparent. This can be corrected easily at a
later date by 2 second osteotomy. To our
knowledge this has occurred on only one

occasion. In general, few complications have
arisen.

tain proper position without rotation: (left) all
in flexion; (center) proper transposition preserves
ng causes the finger to project from the grasp
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SUMMARY

In the functional activities of the hand,
amputation of the third digit proximal to
the distal quarter of the proximal phalanx
results in marked disability. When such an
operation is necessary, consideration should
be given to replacing the shortened middle
finger by the index finger. Such a procedure
will decrease the functional disability and
produce a more balanced hand, with definite
improvement in appearance. The operative
steps for this surgical technic have been
outhned. Two known complications result-
ing from the operation are discussed. The
operation has been performed on 26 patients
by the author and on 17 others by colleagues.

All patients were engaged in occupations that
required heavy use of the hand.
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Transposition del Indice, como Reimplaciamento del Medio

Summario in Interlingua

Le medio, i. e., le tertie rado, es impor-
tante in le function del mano como axe
principal € como partenario del pollice in
pincear. Amputation de plus que duo pha-
langes del medio resulta in un definite defor-
mitate in Ie function del mano. Le rema-
nente trunco del tertie digito protrude ab le
mano n omne effortio de sasir. Le spatio
inter e indice e le anulario permitte a micre
objectos a glissar ab le mano

In 43 patientes le residuo del tertie digito
esseva eliminate, e le secunde digito, i. e. le
indice, esseva transponite pro clauder le
lacuna. Iste operation esseva effectuate in
patientes qui usa lor manos 1n labores pe-
sante, Le patientes de omne le casos hic
presentate esscva tenite sub  observation
durante plus que un anno.

Le intervention chirurgic comencia con
un incision al aspecto dorsal del mano. Illo
es placiate longitudinalmente supra le spatio
inter le secunde e le tertie diaphyse meta-
carpal. Le periosteo del tertie osso meta-
carpal es aperite, e le 0sso es excidite per
osteotomia a su base, Le diaphyse del

secunde osso metacarpal es alora distachate
ab le origine del prime musculo interosseo-
dorsal. Le osso es dividite a su base. A istc
tempore le tubo periostee del tertic 0sso
metacarpal pote esser claudite. Le diaphyse
del secunde osso metacarpal es portate in
approximation con le base del tertie osso
metacarpal e fixate illac con filo de Kirsch-
ner. Un bandage a gypso es mantemte du-
rante sex septimanas pro obtener le union
del 0ssos.

Le resultatos del operation ha essite multo
satisfacente. Complicationes ha occurrite in
duo casos In un de istos, le sito del osteo-
tomia non esseva al base sed al centro del
tertie osso metacarpal. Le transponite se-
cunde osso metacarpal esseva mal attachate
per medio de un sol filo de Kirschner. Le
resultato esseva pseudoarthrosis. In le altere
complication 1l se tractava de un imperfecte
alineamento rotational del digito transponite,
con le resultato que illo non participava in le
action del sasir. Omne le altere patientes ha
obtemte immediatemente resultatos multo
satisfacente.



Amputations of the Fingers and the Hand

DonALD B. Stocum, M.D.*

FUNCTIONAL CONSIDERATIONS

It has been a common misconception that
amputations through the fingers or the hand
are a matter of simple detruncation of hope-
lessly affected segments with preservation of
such tissues as can be covered satisfactorily
by regional or transplanted integument.
Such a point of view is scarcely consistent
with the functional concepts of the present-
day surgeon: that total treatment embaodies
not only maximal preservation of serviceable
remnants but also planned reconstruction to
maximal function. The latter should be ini-
tiated at the time of original surgery, whether
this is of an elective or an emergency nature.
It is the purpose here to present some of
those principles that will aid in planning the
best use of the remaining segments in the
amputated hand.

The author has emphasized repeatedly the
value of the three basic functions of the
hand: grasp, pinch and hook. Grasp em-
braces the action of holding an object against
the palm by the opposed thumb above and
the fingers below. Pinch consists of apposing
the tip of the thumb to the tip of one or more

fingers. This may take several forms: (1)
fingernail pinch, as in picking up a coin;
(2) pinch with the pad of the thumb against
the pad of the index finger, as in picking up
a piece of paper; (3) lateral pinch, in which
the pad of the thumb holds an object against
the side of the index finger, as in holding a
teacup or a book; (4) chuck-action pinch,
in which the pad of the thumb holds an ob-
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ject against the pad of the index finger and
the side of the distal phalanx of the middle
finger in much the same way as a 3-pronged
machine chuck (this may be seen in such
common activities as holding a pencil); and
(5) multiple pinch, in which the pad of the
thumb apposes the pads of all fingers, This
last may be demonstrated by picking up
multiple small objects, such as shot or beans.
Hook action is simply what the name im-
plies; it utilizes the fingers alone and is seen
in such actions as lifting a suitcase or the
edge of a table.

Since it is the objective of amputation
surgery to preserve and restore function,
three basic considerations must be evaluated
before operation may be considered:

1. The function or the functions that the
injured digits fulfill,

2. The extent to which the loss of each
amputated segment affects the hand.

3. The relative importance of each basic
hand function to the individual as regards
appearance, occupation and general use of
the hand. Since these three factors often
necessitate variation from standardized pro-
cedure, it is only through a knowledge of
them and an assessment of their relative
importance that the level and the method of
amputation may be chosen most judiciously
with a view to restoring maximum function.

The number of digits and metacarpals,
their length, strength, sensation, mobility,
and motivating power, are the fundamental
factors to be considered. The contribution
of each of these elements to the remaining
hand must be weighed carefully in view of
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both the surgery at hand and the foture re-
constructive procedures that may be carned
out To this end, each finger and its meta-
carpal will be considered individually in
regard to those points of surgical interest
encountered commonly in amputation.

The thumb is the most important single
digit of the hand. Its purpose is to serve
the hand in grasp and pinch, and its loss
results in quite a useless hand, 1n which only
minor substitutionary movements remain.
The effectiveness of the thumb is dependent
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to a large measure on its length and mobility.
Tts wide range of circumduction is dependent
on a proper balance of motor clements, the
integrity of the first metacarpal hinge, and
the freedom of movement permitted by the
skin and the muscles lying in the web space
between the thumb and the index finger.
While the free range of motion between the
first metacarpal and the greater multangular
bones—the metacarpal hinge—may seem o
be out of place in a discussion of amputa-
tion, its import will soon be realized in the
light of such procedures as finger transplant,
bone- and tube-graft substitution of the to-
tally amputated thumb, and apposition to
the ulnarly placed digits when the index and
the middle fingers have been lost. Of no
Iess import is the web space, for not only
does it provide the freedom of action re-
quired by the thumb but its depth supplies
the cleft in which an object falls in grasp.
When the thumb is shortened, this cleft may
be so shallow as to require plastic procedures
involving skin and muscle to deepen it to the
point of effectiveness. The thumbnail, paired
with that of the index finger, is essential to
fingernail pinch. The skin of the pad of the
thumb forms the principal tactile and pres-
sure area, while that on the outer side of
the distal phalanx ranks second in impor-
tance. Needless to say, plastic reconstruc-
tion of the thumb following amputation is
carried out in such a manner as to minimize
scar and avoid anesthetic areas.

The index finger ranks next in importance
to the thumb, since it provides the lateral
pole of the finger elements in grasp and
most frequently apposes the thumb in pinch.
In normal grasp 1t gives the finger elements
stabilizing breadth as grip is consummated;
in wide grasp, as in throwing a football, the
radial deviation of the index finger effected
at the metacarpophalangeal joint by the first
dorsal interosseous muscle provides the nec-
essary span. For fingernail pinch the preser-
vation of the nail is essential. In apposing
the pad of the index finger to the thumb or
in chuck-action pinch, a painless scarfree
tactile pad must remain. For lateral pinch,

sound integument must be provided over the
area on the radial side of the distal half of
the middle phalanx and the proximal half
of the distal phalanx. Length is extremely
important in the index finger, for with each
fractional loss in length of the index finger
its function decreases. As this loss ap-
proaches the distal interphalangeal joint,
pinch is transferred to the middle finger. As
the proximal interphal 1 joint is reached,
grasp is Jargely lost except as the remaining
stump contribuies to the breadth of the palm.
In the latter instance, not only is the remain-
ing stump awkward but often it is bumped
and bruised. The cosmetic effect is one of
unsightliness. At levels above the metacar-
pal neck, the stabilizing effect of the trans-
verse metacarpal ligament js lost and the
bony prominence of the shaft interferes with
grasp as it bulges into the web space, which
otherwise would pass in a smoothly flowing
curve between thumb and middle finger.
The middle, or long, finger fills the span
in grasp and prevents small objects from
falling through the fingers of the clenched
hand. Because of its strength, it acts in con-
junction with the index finger to provide
strength and stability to grasp. It reinforces
the index finger in lateral pinch so that
heavier objects, such as books, may be car-
ried between the side of the index finger and
the thumb. Since it is the strongest of the
fingers, it is used most commonly in hook
action, where only a single finger is required.
When the index finger is amputated, the
middle finger substitutes for it in apposition
with the thumb in pinch. With amputation
of this strong middie finger the following
functions are lost: the ability to hold small
objects in the clenched hand, the reinforce-
ment of the index finger in lateral pinch, the
participation in chuck action and multiple
pinch, and strength of grip. Amputation
through the third metacarpal bone brings on
even more serious disability. With the loss
of the stabilizing effect of the transverse
metacarpal ligament, the adjacent fingers tend
?o rotate away from the amputated ray. In
its function as the pivotal pillar of the palmar
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arch, about which the fourth and the fifth fin-
gers, tethered by their transverse metacarpal
ligaments, swing palmarward toward the
thumb, the middle finger acts as a center of
rotation for those many dexterous movements
that involve the change in the palm of the
hand from the flat to the cupped position. In
addition, the third metacarpal acts as the
point of insertion of the adductor pollicis
muscle, which serves to consummate the
force of grasp and pinch. Little imagination
is required to see the impairment of strength
and mobility arising from the loss of the key
metacarpal.

The ring finger serves chiefly to filt in the
span and, in concert with the little finger,
provides the palmar arch with mobility. Its
loss impairs these two functions as well as
decreasing the contribution of the digit to
grasp, hook and multiple-pinch actions.
Metacarpal Joss results in rotatory deviation
of adjacent fingers. The little finger is
chiefly important because of its wlnar posi-
tion, where it lends breadth and stability to
grasp when the span is wide. It also pro-
vides the palmar atch with mobile dexterity.
The metacarpal furnishes a good share of
the stability afforded by the breadth of the
palm in grasp.

In summation, a knowledge of the func-
tion of each individual component of the
hand is 2 fundamental requirement in cre-
ating an operative plan for either primary or
delayed reconstruction of the amputated
fingers and hand. Some of the more com-
mon considerations have been presented.

SINGLE-FINGER AMPUTATION

Amputation through a single digit is the
mast common form of loss in the hand. Too
often, rtepair directed toward skin closure
alone is the sole objective, with little thought
of comfort, appearance and future use. The
thoughtful surgeon will develop the operative
plan to encompass those points in technic
that will provide the best functional and cos-
metic results. To do this, he will consider
each tissue individually as to the necessity

for its removal, substitution or preservation
Only then will he be able to apply the spe-
cific method that best suits the individual
situation. In the following pages the general
principles of tissue care, with regard to their
functional qualities, will be considered and
later related to certain standard procedures
which, in most instances, may be applied
with only a Jittle variation,

GENERAL CONSIDERATIONS

The Jength of a finger following amputa-
tion is of utmost importance. Up to the level
of the proximal interphalangeal joint, loss of
function is in direct proportion to loss of
length. The bone should not be shortened if
any alternative exists; usually it is preferable
to cover a terminal wound with skin of qual-
ity less desirable than the normal integument
through use of atypical skin flaps, plastic re-
arrangement of the skin or skin-grafting than
to sacrifice needed length. Amputation
through the proximal phalanx Jeaves a stump
that, within itself, is virtually useless. How-
ever, it does contribute to the breadth of
grasp in the index and the little fingers, and
aids in preventing small objects from falling
between the fingers during grasp in the ring-
and the middle-finger positions The meta~
carpal bones supply the breadth of paim so
essential to stability in grasp. This function
is preserved if the metacarpal heads remain,
but, if the finger is removed above the Jevel
of the transverse metacarpal ligament, meta-
carpal stability is lost. This results ina mobile
bony prominence in the web space when the
index metacarpal is amputated through the
shaft. Similarly, when amputated in tts distal
one half, the fifth metacarpal is mobile and
often pamnful. In amputations through the
metacarpal shafts of the middle or the ring
finger, not only is the hand narrowed but
rotary disturbances of adjacent fingers occur.

The skin cover of the amputation stump
should be freely movable and nonadherent
to the underlyng bone, should have good
subcutaneous padding and normal sensation,
and should be tough enough to withstand the
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wrauma of daily use, Since palmar skin best
fulfilis these requirements, it is used when-
ever possible. Scar showld be linears and non-
adherent, and it should fic away from pres-
surc arcas wherever practical. For these
reasons, Jong paimar and short dorsal faps
are preferred when they are applicable. The
skin never should be drawn tightly over the
bone, for this will cause restriction of motion
of the stump, spreading of the scar wi}h
adhesion to the bone, and pain and restric-
tive tension at the finger’s end,
‘The power and the mobility of the stump
may be retained best by avoiding scrupu-
tously any violation of joint integrity or soft-
tissue contracture. The most common
sources of such contracture lie within the
skin or result from the checkrein action of
adherent tendons. The strength of the various
patts of the hand is dependent on muscle
power. In finger amputation, usually this is
not affected in the normal course of events,
for each phalanx has a separate and an inde-
pendent motivation: the distal phalanx by
the extensor expansion and the flexor pro-
fundus; the middle phalanx by the extensor
expansion and the flexor sublimus; and the
proximal phalanx by the common extensor
tendon and the lumbricales. While at first
glance it would seem to be logical to sew the
tendons to the end of the stump to reinforce
its power, this practice must be avoided, for
not only does it lead to restricted motion with~
in the stump itself but it affects the movement
of adjacent fingers. This latter effect is based
on the anatomic fact that the long flexors
and extensors of the fingers interdigitate at
higher levels so that they can effect motion
independent of one another only in the mid
ranges of contractile excursion. To demon-
strate this, the reader should first make a fist
and note how the fingers close tightly into
the hand Next, with the hand in the neutral
functional posttion, he should hold the ring
finger 1 full extension at alt joints and at-
tempt full closure of the hand. In these cir-
cumstances he will find that the profundus
tendons are inactivated completely and that

the range of sublimus contraction has been
reduced materially. Similarly, he may now
hold the ring finger in full flexion and check
the loss of extension of the other fingers.
When amputation occurs at the level of the
metacarpal heads, o different situation ap-
plics, for here no motive power femains to
provide the excursion for the remaining ray.
This assumes {east importance in the index-
and the middle-finger metacarpals, which are
relatively fixed at their carpometacarpal
joints, but in the ring- and the fittle-finger
metacarpals motive power must be provided
to ensure the strength and the mobility of
the palmar arch, which carries the palm
from the flat to the cupped position and adds
much to the appearance of the hand in
movement, Again, it is well to add a word
of caution: do not suture the tendons to the
metacarpal head under strong tension, for
bere again the frecdom of movement of the
other fingers may be affected. Allowance
for the excursion of the fingers prior to meta-
carpal motion (which for the most part takes
place at the extremes of finger movement)
must be made. In fresh amputations this
may be accomplished best by sututing the
extensors and one long flexor (preferably
the profundus) to the end of the stump at
their so-called rest length. The rest length of
muscle is that point to which a muscle will
contract spontaneously when freed from its
insertions while unaffected by nerve stimulus.
It represents an approximate mid-point in
the total excursion range of a muscle where
the effect of the elastic elements has been
spent but the effectiveness of the contractile
elements is at, or near, its maximum. When
late reconstruction is carried out in cases in
which the tendons have been allowed to
retract, {hey should be sewn with the ten-
dons drawn downward under moderate
tension, for here myostatic contracture has
taken place in the muscle-tendon system and
the point of muscle rest length has been
shifted to a position shorter than the rest
length the normal active muscle.

The digital nerves need no special treat-
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ment other than to ensure that a minimal
terminal neuroma forms and that the nerve
is mobile and not fixed in scar tissue. To
this end, the nerve is sectioned clearly under
normal tension at a point ¥ inch or so
above the bone end so that it will lie in a
normal bed of soft tissue free of scar, It is
never drawn down, sectioned under strong
tension and then allowed to retract upward,
for this practice may lead to intrancural tears
with subsequent scarrring and form the base
for later pain and disability. Alcohol and
other sclerosing solutions are both unneces-
sary and undesirable. Ligature is not re-
quired, since intraneural bleeding is scant.

Bone is severed at the most distal level,
which permits easy approximation of the
skin and subcutaneous tissues over its distal
end. Care should be taken not to divide it
by a single bite of bone-cutting forceps or
rongeur, for the crushing effect on hard cor-
tical bone might result in longitudinal frac-
ture that would either increase the local scar
or extend upward to the adjacent joint. It
is better to divide the bone with a small saw
or to rongeur away one cortex at a time
until complete section is achieved.

FINGERTIP AMPUTATIONS

Amputations of the fingertips are a fre-
quent sequel of injury and usually result
from sheing, crushing or avulsing wounds.
Often, disability is out of all proportion to
the extent of the wound if the treatment is
improper or inadequate. If the wound is
allowed to heal by granulation and scarring,
its healing will be delayed and the stump
may remain tender and painful, Eventually,
such a wound will become covered by an
anesthetic, tender scar that frequently 15 sub-
ject to breakdown under minimal trauma,
and, should this occur, revision of the stump
will be required with attendant loss of
length, Ideally, the wound should be clothed
by adequate well-padded skin and be rela-
tively free of scar, and it should have a good
cosmetic appearance Since direct pressure
is seldom borne upon the tips of the fingers,

normal sensation, although desirable, is not
imperative; therefore, skin grafts are per-
missible. The importance of padding by
subcutancous tissue should be stressed, for
its absence will result in adhesions to the
underlying bone that are painful on pres-
sure and at the extremes of motion. Since
adequate skin coverage should be obtained
as soon as possible to avoid the painful cica-
trix that follows in the wake of a granulating
wound, the only justification for open ampu-
tation is in a situation where infection exists
or is imminent because the safe period for
primary closure has passed. In such in-
stance, the wound should be cleaned up as
rapidly as possible by débridement, moist
dressings, etc., and skin coverage should be
obtained at the earliest possible time con-
sistent with sound surgical judgment.

The objectives in the repair of fingertip
amputations are to provide skin coverage
with sufficient subcutaneous padding, to
maintain maximum length, to obtain maxi-
mum function in the shortest possible time
and to provide skin with sensation if the
location of the wound is such that the tactile
area has been denuded.

The choice of treatment depends on the
location of the wound and the extent of tis-
sue loss for skin and bone, or skin, bone and
fingernail may be involved. The simplest
solution is reamputation at a higher level
This provides excellent skin coverage, but,
due to the fact that the dorsal skin cannot
be mobilized because of the presence of the
fingernail, it results usually in a loss of valu-
able length and, therefore, should be avoided
when an alternative method exists. When
the nail-bed skin remains distal to the moon
of the fingernail, it may be utilized for
closure as though it were skin Free split-
thickness skin grafts provide excellent
coverage when apphed to sound base of
subcutancous tissue. They are particularly
desirable on the dorsal aspect of the finger,
where trauma is less likely. When the nail
bed is involved distal to the germinal layer
in split-thickness skin graft, frequently it will
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Fi6. 2. Amputations through the fingers. (A) Flap graft from side of index finger to
the tip of the thumb. (B) Index fingertip amputation preparatory for flap from thenar
emmence. (C) Flap from dorsum of finger to adjacent amputation stump. (D) Free
spht-thickness or full-thickness skin grafts for terminal wound coverage. (E) Incisions
for elective finger amputation. (F & F’) Palmar sliding flap for fingertip amputation.
(G & G’) Dorsal sliding flap for coverage of a terminal wound above the level of the
nail. Note sphit-thickness skin graft covering donor area, (Modified from Slocum, D. B.:
Amputations i Campbell’s Operative Orthopaedics, St Louis, Mosby)

substitute well for the distal nail bed In
these circumstances, it may even be applied
directly to bleeding bone, for it will be pro-
tected by the outgrowing nail. The free full-
thickness skin graft will maintain length
better and provide more durable skin than
the spht-thickness graft. It will serve more
efficiently in areas where pressure may oc-
cur, such as the anterior aspect of the finger-

1ip or, in the case of the index finger, the
lateral side of the tip. Like the split-thick-
ness graft, it requires a good bed of subcu-
taneous tissue if adhesions to the underlying
bones are to be avoided. When bone is ex-
posed, it should be covered with local sub-
cutaneous tissue, if available, or it should be
removed to a point at which this can be
accomplished before a free skin graft is
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applied. The donor area may be selected
from any available site, but preferably from
an area where subcutaneous fat is minimal
and the skin normally is pliable. In most
instances the flexor surface of the forearm is
used, except in women, where it is avoided
for cosmetic reasons. The groin and the
lateral aspect of the thorax also provide al-
ternative sources for skin. Following exci-
sion of the full-thickness free skin graft,
usually the wound created by its removal is
closed by a diamond-shaped plastic closure.
When the bone is denuded or the loss of
subcutaneous tissue is excessive, skin flaps
often are used. They provide an excellent
covering for the fingertip, but technically the
operation is slower and more difficult than
when free grafts are used, and immobiliza-
tion of the hand to the donor area is awk-
ward and restricting.
The local flap grafts may be of the sliding
or the cross-finger type. There are several
varjeties of sliding graft. These find their
greatest use 1n transverse amputations, and
they have the advantage of immobilizing
only the injured finger. In the anterior
aspect of the finger, the sliding graft de-
scribed by Woughter is excellent. An inci-
sion is made transversely at a distance above
the wound roughly equivalent to the denuded
transverse diameter of the amputated finger
and extends from the mid-medial to the mid-
lateral aspect of the finger The skin and
the subcutaneous tissue are undermined and
the flap is rotated distalward as one would
rotate the visor on a coat of armor. The
graft is sutured in position, and the defect
Jeft is covered by a split-thickness skin graft.
Another method has been described by
Kutler. This involves the principle of utiliz-
ng a V-shaped incision of skin and subcuta-
neous tissue on either side of the finger,
leaving the circulation intact. The apex of
the “V” points proximalward. The two tri-
angular flaps that have been created now
are shifted downward to cover the end of
the stump, where they are sutured in the
mid-line. The upper end of the defect is

closed by side-to-side suture until the point
of the distally migrated graft js again
reached, where the skin is sutured to the
sides of the graft. A third method consists
of making a mid-lateral incision that swings
proximalward a sufficient distance to create
a mobile graft which then may be under-
mined and swung over the end of the bone
to the opposite side of the finger. Usually
this can be closed directly, but occasionally
split-thickness graft may be required to aid
in coverage of the defect created by the
transplantation of the skin.

The cross-finger graft is a valuable method
of covering the defect of an adjacent finger.
A U-shaped incision is made on the dorsum
or the side of the adjacent finger, and the
flap that always has jts base proximally is
lifted and then rotated to cover the adjacent
fingertip and sutured in position. The defect
and the base of the flap are covered by a
free skin graft to avoid an open wound.
While this type of graft is excellent for most
fingers and is applicable for coverage of the
thumb when the middle, the ring or the
hittle finger is used as the donor site, it is not
wise to take the cross graft for the thumb
from the index finger, for almost invariably
the transplant of the skin from the lateral
side of the digit would impair its fature
lateral pinch. A better source for coverage
for the thumb is to utilize the skin of the
index finger overlying the lateral aspect of
the proximal one half of the proximal pha-
lanx where pressure scldom falls, A U-
shaped flap is formed with its base ante-
riorly. Then it is lifted from the dorsum and
swung anteriorly to a point at which it can
cover the thumb defect. A split-thickness
skin graft is used to cover the base of the
skin flap and the raw surface left by its
elevation.

Regional flaps frequently have been ob-
tained from the thenar eminence and the
base of the palm. While easily created, these
grafts have lost in popularity because of the
scarring that often results in the palm of the
hand. If they are used, care Is taken to place
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the donor sitc proximal to a linc drawn be-
tween the ulnar aspect of the metacarpopha-
langeal joint of the thumb and lh.c base of
the fifth metacarpal, for almost invariably
flaps taken distal to this point will result in
painful scarring. To create such a flap, the
location is determined by flexing the finger to
the base of the palm and locating the point
at which it rests most casily. A U-shaped
flap is turned up from the hypothenar emi-
nence with the base of the flap placed in the
most convenient position for coverage. Of

Fi6. 3. Incisions for
metacarpal amputation.

course, the defect is covered with a split-
thickness skin graft.

AMPUTATIONS THROUGH THE FINGER

The objective of amputation of the finger
is to preserve all possible useful length, for
it should be remembered that the strength
of the hand is lessened by the loss of each
digit and cach fraction of length within a
digit; therefore, severance should be carried
out at the most distal level compatible with
sound integument, The only exceptions are
those cases in which protruding stump is
contraindicated by cosmetic demand or by
its awkwardness relative to the demands or
the occupation of the patient.

The classic description of skin flaps used
in amputation of the finger is to create a
long palmar and a short dorsal skin flap in
the ratio of two to one. The palmar flap is
made tongue shaped rather than semicircular
to avoid “dog-ears” at the margins of the
suture line. Unfortunately, however, when
the amputation is being performed as a
result of trauma, typical skin flaps seldom
can be created. When the situation demands

maintenance of length, and circulation is
adequate, atypical flaps and minor plastic
procedures are used. Supplementary free skin
grafts may be used in areas not subjected to
heavy pressure. Since the skin overlying the
fingers is relatively fixed, usually more length
Is required than might be anticipated. Skin
never should be sewn under strong tension,
since this inevitably will result in tightness
over the end of the stump, a broad, tender
scar at the suture line and/or occasionally
tissue breakdown. To ensure adequate skin
length, usually the dorsal flap is cut with the
finger in flexion and the palmar flap with the
finger in extension. Although at the time of
closure the flaps may appear to be quite
loose, the elastic tension within the skin
soon will draw them up snugly over the
stump ends. “Dog-ears” at the end of the
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suture line generally take care of themselves
through contraction of the skin. However, if
they seem to be too redundant at the time of
closure of the wound, a small V-plasty inci-
sion may be made at each side of the in-
tended suture line. Should they remain after
healing of the wound, they may be excised
by an elliptical incision. The “dog-ears”
should always be allowed to remain when
an atypical flap is used that swings over the
end of the stump to the opposite side; here
the removal of a wedge of skin from either
side of a long flap may reduce its width as
much as 50 per cent and endanger the circu-
lation. The bone is severed at a level that
allows easy approximation of the skin. As
has been noted, it never should be severed
by a single bite of bone-cutting forceps or
rongeur, since the crushing effect may cause
longitudinal fracture that will result in in-
creased local scar or, in some instances, €x-
tend upward into the joint. The nerves are
located and freed upward in their beds to the
point of intended section in normal, healthy
soft tissue. Usually the bed of the nerve is
spread with a hemostat to the point of in-
tended section, and the nerve there is severed
with a sharp knife or scissors. There should
be no injection of sclerosing substances and
no use of ligatures. The tendons are severed
by simple transverse section and allowed to
retract. They never are sewn over the end of
the bone because of the danger of contrac-
ture. Blood vessels are ligated with 3-0 catgut
when necessary, and closure is carried out
with interrupted skin sutures.

When simple closure with available skin
cannot be effected and length still main-
tamed, alternative plastic procedures may
be used Free skin grafts, either of the full-
thickness or the split-thickness type, form
excellent coverage for dorsal, terminal and
lateral wounds 1n the freshly amputated
finger They should be applied early so that
the nevitable infection associated with an
open wound docs not occur and form the
basis for cicatrix Slhiding-flap closure may
also be used. It forms the same visorlike

flap described for fingertip amputation ex-
cept that the skin is taken from the dorsum
of the finger to avoid palmar scar. There-
fore, it is practical only above the fingernail
level. It is used when section of the finger
is essentially in a transverse plane. The
sliding-flap method, utilizing a lateral incision
that extends upward, then turns transversely
over the dorsum of the finger, is also of
value. Here, again, the tissues are under-
mined and the flap is freed at the level of
subcutaneous tissues and swung distalward
to the opposite side of the finger to cover
the exposed end of the amputated digit. An
auxiliary split-thickness skin graft may be
required for closure.

AMPUTATIONS THROUGH THE INDEX FINGER
AND THE SECOND METACARPAL

The index finger is next in importance to
the thumb. Because of its position, it is the
primary finger used in pinch and one of the
two polar finger elements in grasp. Because
of its stability at the carpometacarpal joint
and the nearly direct pull of the flexor ten-
dons, it is one of the strongest digits. Loss
of function is in direct proportion to its loss
of length. When amputation js carried out
distal to the proximal interphalangeal joint,
the principles of finger amputation are ap-
plhied and all possible Iength should be saved,
care should be taken to preserve the skin on
the lateral aspects of the finger because of
its function in lateral pinch. Above the prox-
imal interphalangeal joint, the stump is too
short to be useful in pinch (its role in this
function being taken over by the middle
finger), and the surgical plan is based on the
occupational and the functional demands of
the patient and the need for cosmesis.

When amputation occurs between the level
of the metacarpal head and the proximal
interphalangeal joint, the stump provides the
palm and the hand with breadth and stability
in grasp. However, the finger element is
useless for pinch, it provides lutle flexor
power for grasp, it often lags behind the
other fingers as they are flexed into the posi-
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Fic. 4. Amputations through the index finger. (Left) Amput.atiox.l stumps proximal
to the interphalangeal joint are poor cosmetically, and they provide little iun.ctlon other
than adding breadth to the hand. (Center) Metacarpal shaft z_:mput.atlons xmped? the
web space and provide little stability, and often they are painful in grasp. (Right)
Amputations through the base of the metacarpal or disarticulation at the carpometa-
carpal joint clear the web of projecting bone and add dexterity. Also, they are good
cosmetically. However, they narrow the width of the palm.

tion of grip, and it projects in such a manner
as to make the band awkward and unsightly.
Because of this awkwardness it is subject
frequently to bruising. Such a hand with the
short index stump is primarily a laborer’s
hand, and, for practical reasons, the stump
should have a covering of palmar skin and
its scar should fall on the dorsal aspect.
Amputation through the metacarpal shaft
is undesirable. The shaft no longer provides
a stable base for grasp because of the loss of
the transverse metacarpal ligament, and the
end of the amputated metacarpal projects
into the web space between the index finger
and the thumb, where it not only forms an
unsightly bulge but becomes a hindrance,
and often a painful one, during grasp and

grip. Even in the presence of acute trauma,
this bone level should not be permitted to
remain, since most assuredly it will cause
trouble at a later date and require secondary
operation. It takes only a few moments to
sever the bone at the more desirable level—
at the metacarpal base.

Amputation through the metacarpal base
or disarticulation at the level of the meta-
carpal joint provides a broad, mobile web
space free of bony impediment. It is indi-
cated in amputations above the proximal
interphalangeal joint, where dexterity and
cosmesis are the primary considerations. The
incision should follow along the ulnar side
of the second metacarpal on its dorsal aspect
so that the scar will fall well away from the
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web space. Whenever it is practical to do
50, the first dorsal interosseous muscle of the
index finger is transplanted to the middle
finger to ensure strong radial deviation. If
this cannot be done, the middle finger often
lacks the strength necessary for laterai pinch,
even though it is bolstered by the ring and
the little fingers beside it, and a tendon graft
may become necessary to reinforce this
action.

Since amputation through the metacarpal
often involves accompanying trauma to the
web space, it is probably well to mention
here that the skin never should be borrowed
from this arca to effect closure of the
wound. If the web space is impaired by
scar or its skin is shortened, it may have a
tethering effect on the thumb and prevent its

. FiG. 5. Amputs.
\ tion through the shafy
of the third or the
g fourth metacarpal
’ permits rotary de-
formities of adjacent
i fingers. It is corrected
! best by finger trans.
! plant: in the case of
' the ring finger, the
! little finger is moved
f to the base of the
! fourth metacarpal;
the case of the middle
finger, the index
finger is moved to the
| base of the third
H metacarpal  (Modi-
l fied from Bunnell,S:
| Artificial Limbs 3
15
|

|

normal wide range of circumduction. A
transverse scar overlying the web space
never should be permitted to remain, Sll:;z
most assuredly it will contract, d‘ra\.mng

thumb toward the index finger; l't is l{eﬂﬂ
either to interrupt the suture line in 2 7igeag
fashion or to supply supplemental skin.

AMPUTATION OF THE THIRD AND
THE FOURTH METACARPALS

Disability from amputation through either
the third or the fourth metacarpal arises fror;:
the tendency for small objects to fall lh'ml:}gw
the space left by the missing fingers in ot
cupped or grasping hand and .devm'tll'he
of the adjacent fingers during flexion. "
architecture of the hand is such.that eﬁ;
metacarpal head, with the exception of the
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first is bolstered by its neighbors and fixed
by the transversc metacarpal ligaments.
When the third or the fourth metacarpal
bones are amputated below the level of.thc
metacarpal head, the integrity of these liga-
ments is lost, the adjacent metacarpals be-
come unstable, and rotary deformities of the
fingers occur,

When the third or the fourth metacarpal
is amputated, a racquet incision is used. A
longitudinal incision is madc along the dor-
sum of the metacarpal to the level of the
metacarpal head. From this point it swings
to the side of the finger at the web space and
crosses the anterior aspect of the finger at
the level of the proximal flexor crease,
whence it follows dorsally and proximally to
join the longitudinal incision. Wound closure
1s carried out in accordance with the stand-
ard principles so that the scar falls on the
dorsal aspect of the hand. The tendency
toward rotary deformity of the fingers should
be corrected as soon as the condition of the
tissues permits. Judgment frequently will
indicate that stabilization should not be at-
tempted when deep and extensive tissue
trauma has occurred. Then it is better to
await the return of the tissues to a healthy
state before reconstruction is attempted.

When reconstruction is practical, three
elective procedures may be considered. The
simplest method, though often not the most
satisfactory, is complete excision of the in-
volved metacarpal with collapse of the two
adjacent metacarpal heads in such a manner
that a scar-tissue bridge will substitute for
the transverse metacarpal ligaments and af-
ford some stability. Unfortunately, this pro-
cedure provides only a fair rotary stabiliza-
tion, and usually some finger deviation re-

mains; also, there is loss of width and the
hand often feels tight and restricted. A sec-
ond alternative 1s the transplant of the little
finger to the position of the amputated ring
finger or of the index finger to a position of
the amputated middle-finger metacarpal.
When this procedure is undertaken, osteot-
omy should be done at the base of the meta-

carpals sufliciently away from the joint to
ensurc its integrity. This yiclds cxcellent
rotary stabilization and gives a good cosmetic
result, but it weakens the grasp because of
loss of breadth in the palm, Wherever tis-
sucs permit and cosmesis is not a prime
consideration, replacement of the amputated
mctacarpal by a bone graft from the fifth
metatarsal of the foot provides good rotary
stabilization and maintains the breadth of the
palm. The length of the bone graft from the
foot will depend on the length of the portion
to be replaced. Internal fixation by any of
the standard methods is desirable to ensure
healing of the graft.

AMPUTATION THROUGH THE LITTLE FINGER
AND THE FIFTH METACARPAL

Amputation through the fifth finger is car-
ried out in the usual way described for finger
amputations. A short finger stump, consist-
ing of the proximal phalanx alone, often is
awkward, useless and unsightly. Actually it
is a hindrance in such actions as placing the
hand in the pocket, where often it catches
on entry. It is also subject to frequent bruis-
ing. In such an event, reamputation should
be carried out at a high level. In labor-
ers this should be done through disarticu-
lation at the level of the metacarpophalan-~
geal joint to afford the hand maximum
breadth for grasp. When this level is se-
lected, a bony prominence remains over the
metacarpal head. This may be corrected by
beveling the lateral and the posterior aspects
of the metacarpal head, so that, when the
skin is drawn over it, a smooth, rounded
surface is presented, The profundus tendon
should be sutured to the metacarpal head at
the rest length of the tendon to ensure its
mobility.

When the fifth metacarpal is to be re-
moved, a dorsal racquet incision is used.
The longitudinal limb of the incision is car-
ried along the radial side of the fifth meta-
carpal and the distal end of the incision
loops about the finger at the level of the
proximal flexor crease. This ensures that
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the incision will fall well away from the
hypothenar eminence when the wound is
closed.

Amputation through the distal one half of
the fifth metacarpal shaft is not a satisfactory
procedure because of the mobility of the re-
maining bone. The resultant stump often is
painful and unsightly, and lacks muscular
control. When the metacarpal is amputated
in its proximal one half, the lateral aspect of
the bone should be beveled to form a smooth
and cven contour beneath the skin. When
this cannot be accomplished, the bone should

be amputated at a higher level near the base
Either of thesc two bone levels gives an ex-
cellent cosmetic result, the foss of the finger
being scarcely noticeable.

AMPUTATIONS OF THE THUMB
AND THE FIRST METACARPAL "~

The thumb is the most important single
digit in the hand. Its function is to serve the
hand in grasp and pinch; its loss results inz
relatively useless hand in which only hook
action remains. Treatment depends on the
level of amputation,
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Fi6. 6 Amputations through the fifth metacarpal (Left) In disarticulation 3t the

metacarpophalangeal joint, the metacarpal head s beveled on its lateral am‘i dorsal
aspects fo create a smooth, even contour, (Center) Amputation through the distal one
half of the metacarpal 1s to be avoided because of increased mobulity and the prominence
of the bone beneath the skin; mn the proximal one half, the side of the metacarpal is

beveled to

T any bony proj (Rught) Amp gh the metacarpal

base results 1o a smooth, even contour of the hypothenar regon.
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Fic. 7. Amputations
hrough the  thumb.
(Left) Ampumlinns of
the proximal onc half
of the proximal phalanx
require web decpening
for more effective grasp.

(Right) Ampulalions
proximal to the meta-
carpal head  require

lengthening  of  the
thumb or replacement
of lost length by finger
transplant or substitu-
tion.

Amputation distal to the mid-shaft of
the proximal phalanx is carried out under
the same general principles that apply to
finger and fingertip amputation. It should
be stressed that the thumb is so important
that no portion of it that would have func-
tional utility following reconstruction should
be removed, Therefore, at the time of the
original injury, particular thought should be
given to those reconstructive measures that
will preserve ultimate maximum length.

Amputacion between the mid-shaft of
the proximal phalanx and the neck of
the first metacarpal is performed in ac-
cordance with the principles of finger ampu-
tation. However, at this level an additional
problem presents itself: to provide a web
space between the thumb and the index
finger of sufficient depth, width and mobility

to allow the thumb to function in grasp and
pinch. Additional depth of 3 inch to I inch
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is provided by pastial stripping the origins of
the first dorsal interosseous and the insertion
of the adductor pollicis tendon from the first
metacarpal. The deepened web space must
be covered by adequate mobile skin. When
no searring is present in the web space, this
may be accomplished by Z-plasty, a jump
flap or an advancement flap. As Z-plasty is
probably the most acceptable procedure, it
alone will be discussed in detail here,

The incision starts in the palm of the hand
about the mid-point of the thenar crease, it
follows the crease to the lateral aspect of
the index finger, then it crosses the web
space at the height of the skin fold to the
posteromedial aspect of the thumb. Next, it
swings proximally toward the index finger at
an angle of approximately 60° to end mid-
way between the first and the second meta-
carpals 32 to % inch distal to their base.
The flaps are lifted from their beds and the
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palmar flap is swung posteriorly to wrap
around the base of the thumb, while the
dorsal flap wraps about the base of the index
finger, The wound then is closed in such a
manner that the suture line crossing the web
space lies in the anteroposterior direction.
Alternatively, free flap or pedicle skin grafts
may be used according to the dictates of
surgical judgment.

There are instances in which the very
short thumb stump can be of practically no
functional value unless the web space is
widened. This can be accomplished by am-
putation of the index finger at its metacarpal
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Fios. 8 to 10. Z-plasty for deepening the web space. Fia. 8. Incision.
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base. However, the index finger should be
sacrificed only when it has been damaged to
the point of uselessness or must of necessity
be amputated proximal to the proximal inter-
phalangeal joint, or when, because of ex-
treme loss on the radial side of the hand, the
value of the web cleft outweighs the value of
the index finger or stump. When this pro-
cedure is carried out, the middle finger sub-
stitutes for the index finger in pinch, an
action that is enhanced by the transplant of
the first dorsal interosseous to the middle
finger. There may also be instances in which
angulated fractures of the thumb or impair-
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ment of the first metacarpal-greater multan-
gular joint will prevent mobile apposition of
the thumb to the fingers. Here osteotomy
may be used to afford width and mobility in
the web space.

Amputation proximal to the neck of
the first metacarpal leaves a stump that is
limited in grasp and pinch. There arc only
two solutions: to provide a stump with an
adequate covering of durable, nonadherent,
painless integument with the ultimate goal of
adapting a thumb prosthesis; or, if necessary,
to reconstruct a new thumb,

In reconstructing a new thumb that will be

3
i

1
N
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uscful, onc must provide the thenar piflar
with length, mobility and good sensation.
This is accomplished best by transplant of
the index or the middle finger to the thumb,
These are technical procedures, the detailed
description of which is beyond the scope of
this chapter, When the index finger is used,
a modificd Z-plasty is cmployed. The digit
is transferred, complete with muscle, nerve,
tendon and blood vesscls, to the shaft of the
first metacarpal, at the same time being ro-
tated 90° so that the pad of the “thumb”
created by the transplanted index finger will
apposc the remaining fingers. Tendons are

Fi6. 9. Flaps raised and muscles stripped from the first metacarpal
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transplanted to substitute the necessary mo-
bility of the thumb. When the middle finger
is to be substituted, the Hilgenfeldt method
may be used. In this procedure the dorsal
attachments of the extensor tendons are
severed and a palmar pedicle of skin, ten-
dons, nerves and vessels, with the finger at-
tached, is transferred radially as a whole.
1. Bohler has modified the latter procedure
in transplanting the middle finger to the
thumb. In addition, he moves the index with
its metacarpal to the position of the trans-
planted middle finger. This provides a wide,
mobile web space and good strength and

1
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FIG. 10. Closure completed.

mobility in lateral pinch and grasp. The cos-
mesis is excellent. As for the technic: an
incision is made about the base of the finger
and the extensor tendons are divided; then,
through an S-shaped incision in the palm, a
pedicle, consisting of the digital nerves and
vessels, is formed with the middle finger rc-
maining attached to the pedicle. A subcuta-
neous tunnel is created on the thenar emi-
nence through which the middle finger, its
flexor tendons and neurovascular pedicle are
passed. Bony fixation then is secured to the
first metacarpal at the desired level. The ex-
tensor tendons, which were divided prior to

o e e ey
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Frc. 11. Transplant of
index finger to thumb.
(Left) Before transplant.
(Right) After transplant.
(Step cut indicates 90°
rotation of transplanted
finger.)

transplant, are attached to the thumb exten-
sors: the short extensor of the thumb is at-
ached to the middle slip of the extensor apo-
neurosis of the transplanted finger, while the
long extensor is attached to one of the Jateral
shps. For cosmetic reasons the transplanted
finger is shortened to approximate the length
of the thumb. In cases in which the third
metacarpal has been removed, the index
finger with its metacarpal is shifted to the
third metacarpal base. While these are
rather formidable procedures, they may be
extremely valuable, especially when the op-
posite extremity has little or no function.
Replacement of the thumb by osteodermal
graft is not a desirable procedure, because

usually the function is poor, due to lack of
circulation and sensation. It is indicated
only to salvage what otherwise might be a
totally useless hand. It is carried out by re-
constructing a tube-pedicle graft that is
transplanted into the base of the thumb. Into
this a bone graft is inserted with its proximal
end fixed to a remnant of the first meta-
carpal or to the greater multangular bone.

MULTIPLE-FINGER AMPUTATION

When amputation of more than a single
digit is imminent, the problem of functional
reconstruction of the injured hand is vastly
greater than that which presents itself in the
loss of a single ray, Similarly, if the loss is to
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Fi6. 12, Trans
plant of middle finger
to thumb by Bohler
modification of Hi-
genfeldt  operation
Note transplantation
of index finger to the
position of the mid-
dle finger. (Dr. J.
Bohler)

take place at the level of the fingers, the situ-
ation is more complicated with the loss of
each successive finger; if the loss includes
both the fingers and their accompanying
metacarpals, surgical rehabilitation will re-
quire still more thought and planning if
maximal use is to be attained. The func-
tional objective of creating a prehensile tool
of infinite dexterity remains unchanged, but
the manner in which the three primary func-
tions of the hand—grasp, pinch, and hook—
may be preserved and modified according to
the dictates of anatomic necessity is com-
pounded with each successive degree of tis-
sue loss. It is the purpose here to outline
some of the standard situations that may be
encountered and to present the surgical con-
siderations that form the guide to treatment.
Fracture and skin coverage per se are not
dealt with here, since they have been consid-
ered exhaustively in the writings of others;
however, their value 1n preserving remnants
of the hand is so great that this must not be
attributed to error of omission but rather
to the limitation of space

The methods employed follow the general
dictum that all scrviceable tissues should be
retained. It should be resterated that often
this is possible only at the time of initial
surgery and that the thoughtful hand surgeon
will utilize the best in orthopaedic and plastic
concepts to gain this end Each phase of

reconstruction that may be accorpphshed
safely at the first surgical episode will lessen
the inroads of scar tissue that binds down
the tissues, restricts their mobility, adds ©
discomfort, and affects the appearancc of
the hand. It must be added that much of
the appearance of the hand is dependent 00
mobility and dexterity, for the‘ suggestion
of normalcy is created by changing form 1
movement.

The problem of multiple-finger amp"’g‘
tions presents so many facets that it w.mﬂd d
impossible to present each in detail here.
Therefore, it is the purpose to present some
of the combinations of amputated dlgI.IS !.h;\‘
occur frequently and the general priacipi¢
that each involves. .

The general objectives are (1) t0 sa’lvazg)
remaining digits and digital remnants; (he
to save as much length as possible in tlm
remaining fingers; (3) to preserve the };’A '
for stability of grasp, pushing and holl }nﬁl;
(4) to provide an adequate cleft bemeto
the thumb and the remaining fingers, (5) ’
furnish two poles for pinch and gr?sp, con
sisting of a thumb or thumb substitute altlxc
finger or finger substitute; (6) to ensure t "
approximation of these two polar elenlle_l;
by increasing their mobility and sUpp )’lbg
motor elements when necessary and Y
changing their position through osteotomy-

When the index and the middle fingers (0F
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Fia. 13. Excision of the second meta-
carpal will create an adequate thumb cleft
in cases where the little finger remains and
all other fingers are disarticulated at the
metacarpophalangeal joints.

index, middle and nng fingers) are ampu-
tated and the thumb and the ulnar fingers
are intact, no special problems are present
at the finger level provided that the stumps
of the amputated fingers are sound. The
little and the ring fingers afford fair stability
for grasp so long as the palm and the re-
maining finger stumps are intact. An ade-
quate cleft usually is present between the
thumb and the fingers, since the palm and
the thumb web generally are net involved.
No special treatment is required. When am-
putation occurs at the level of the metacarpo-
phalangeal joints, stability is decreased and
there is more likelihood of damage to the
web space. Often the palm is not affected
and should not be disturbed because of the
stability it affords grasp Pinch may be ac-
complished readily by the apposition of the
thumb and the remaining ring and little
fingers. When amputation occurs at the level

T

Fic. 14, When the thumb and the little
finger alone remain but cannot be approi-
mated, an osteotomy of one or both bones
near their bases and angulation of the
fingers toward one another will facilitate
this action. If power is lacking for this
action, a tendon T or opponen’s transplant
may be added to the operation.

of the metacarpal shafts, or proximalward,
the problem is principally one of making a
smooth, even sloping contour between the
thumb and the remaining ring and little
fingers. To create such a web, often it is
necessary to free it of projecting bone by
completely excising the remaining stump of
the second metacarpal. The suture line never
should cross the web transversely from the
tring finger to the thumb. This type of
closure invites contracture with narrowing of
the web and drawing of the thumb toward
the remaining fingers so that the span of the
hand is decreased. In this instance, closure
must be of the zigzag type, multiple Z-
plasties being utilized as necessary so that
the web will remain freely mobile. So far as
the remaining ring finger is concerned, it is
well to be sure that the interosseous muscle
providing its radial deviation is adequate
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for lateral pinch and to reinforce this action
by tendon transplantation as required. The
third metacarpal forms the base for attach-
ment of the adductor tendon of the thumb
as well as the pivot point about which the
ring and the little finger rotate in creating
the palmar arch. When intact to the level
of the transverse metacarpal ligament, it
should be maintained; if not, the shaft should
be beveled to ensure a smooth web space.
When the thumb remains intact and all
fingers are amputated at the level of the
metacarpophalangeal joints, the problem fac-
ing the surgeon is to provide a cleft in the
web space between the thumb and the re-
maining fingers of sufficient depth to give
greater mobility to the fifth metacarpal and
still to maintain adequate palm for palmar
pushing and lifting. Since the fingers are
not Jong enough to appose the thumb with
ease in pinch or to hold objects against the
palm in grasp, it is desirable to increase the
width and the depth of the web. This is
accomplished by amputation of the second
metacarpal. The third metacarpal is not dis-
turbed, because it forms the center of rota-~
tion for the palmar arch. It is well to ensure
the mobility of the fourth and the fifth meta-
carpals by attaching the extensors and one
of the long flexors to the metacarpal heads
of these two bones. If the surgeon fails to
do this, the fourth and the fifth metacarpals
will not roll toward the thumb in pinch and
grasp. When the third, the fourth and the
fifth metacarpals are left adequate, palm
remains for pushing and palmar lifting.
When the thumb remains, the second
metacarpal is amputated at mid-shaft, and
the middle, the ring and the little fingers are
amputated at their metacarpal heads, the
problem is one of clearing the web space by
resection of the second metacarpal and mak-
g sure that the metacarpals of the fourth
and the fifth fingers are powered by the
extensors and the long flexors. If the apposi-
tion of the fifth metacarpal to the thumb
cannot be accomplished well, further mobili-
zation may be carried out by resecting the

fourth metacarpal at the metacarpocarpal
joint and phalangization of the fifth meta-
carpal.

When the thumb and the little finger re-
main intact, and all others are amputated
at the metacarpal shafts or bases, the prob-
lem is one of apposing the thumb to the
little finger. If this cannot be done, the web
space is cleared of all impediments and the
thumb and/or the little finger are ulted
toward each other by osteotomizing the
metacarpals at their bases and providing
motor power for apposition by an opponen
transplant of the Bunnell type or the Bunnell
tendon T operation. The usual requisites of
these operations are observed with regard
to the soft-tissue bed and the strength of the
power source.

When all fingers and the thumb are ampu-
tated at the metacarpophalangeal joints to
form the so-called mitten hand, the problem
is to provide apposable posts for grasping
and pinching objects. This is especially im-
portant jn the bilateral amputee, in whom
the opposite hand cannot substitute for the
amputated one and bimanual activities are at
their lowest ebb. There are two possibilities
for reconstruction of such a hand. First, a
two-digit hand may be created, the two
apposing poles being represented by the
thumb metacarpal and by the fourth and
the fifth metacarpals. To do this, the index
and the middle metacarpals are removed,
and the capitate bone is resected to increase
the mobility. Motor power must be fur-
nished these two posts if they are to be of
value. A second method of handling this
situation is to form a three-digit hand by re-
secting the index metacarpal and deepening
the thumb web and by phalangizing the fifth
metacarpal by resection of the fourth at its
carpometacarpal articulation. In addition to
the creation of a cleft between the middle
and the httle fingers, the mobulity of the fifth
metacarpal is increased. Such a three-digit
hand has some advantages in that it has
pincer action both between the thumb and
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Figs. 15 to 17. Mitten hand (amputa-
tion through all metacarpophalangeal
joints). Fic. 15, Phalangization to create
a2-digit hand by removing the sccond and
the third metacarpals, together with the
capitate bone.

the middle finger and between the middle
and the little fingers.

When the thumb and the index fingers
remain, and the middle, the ring and the
little fingers have been amputated at the
finger level, all remaining fingers should be
preserved. If the amputation is at the level
of the metacarpophalangeal joints, the meta-
carpals should not be disturbed, for the pres-
ervation of the palm adds much to the hand
When the amputation has occurred through
the metacarpal shafts, the problem is simply
one of providing good sound integument
over a rounded hypothenar eminence and a
smooth slope between the index finger and
the lateral carpus free of underlying bony
Pprominences.

When the nng and the little finger remain,
and the thumb and the index and the middle
fingers have been removed at the metacarpo-
phalangeal yoints, hook action alone remains.
The thumb stump is relatively useless, but
some function may be restored if a cleft is
provided between it and the adjacent meta-
carpals. This will give some semblance of
grasp and increase the mobility of the thumb

Fi. 16, Phalangization to create a
3-digit hand by removing the third meta-
carpal. (Modified from Bunnell, S : Arti-
ficial Limbs 3:76)
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Fio. 17. Phalangization to create a
3-digit hand by removal of the fourth
metacarpal. (Modified from Bunnell, S.:
Artificial Limbs 3:76)

metacarpal. Disarticulation of the second
metacarpal with modified Z-plasty or adjunct
plastic methods will best restore the web
space. Here lengthening of the thumb is
desirable. Since finger transplant is imprac-
tical, the only method Temaining is to elon-
gate the thumb stump itself. In principle, a
transverse osteotomy is made through the
distal metacarpal shaft, the distal segment
and its investing soft tissues are migrated
downward, and a segment of the amputated
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second metacarpal bone is interposed to fill
the gap.

To permit this downward shift, the inci-
sion starts at the posterior aspect of the
mid-metacarpal level, swings upward to lie
near the metacarpal base at the lateral aspect
of the thumb and then passes distally to the
anterior aspect of the thumb at a level oppo-
site the starting point. The soft tissues then
are mobilized and the interposing graft is
placed in position at the osteotomy site,
where it is fixed in position with suitable
internal fixation such as an intramedullary
wire. Next, soft-tissue covering is provided
about the transplanted graft and a split-
thickness skin graft is used to cover the skin
defect left by the downward migration of the
skin of the thumb.

When the middle and the ring fingers re-
main, and the thumb and the index and the
little fingers have been amputated, the essen-
tial problem is to provide good sound integu-
ment and adequate grasping surface, if pos-
sible. If the thumb remains at the level of
the metacarpal head, this may be accom-
plished by increasing the depth of the web
space by Z-plasty and disarticulation of the
second metacarpal at the carpus. When suf-
ficient thumb does not remain, it may be
worth while to provide a grasping area be-
tween the fingers and the thenar eminence.
One method of accomplishing this is through
posterior shift of the third and the fourth
metacarpals at their carpal articulations and
arthrodesis. Since this posterior shift may
disturb the tendon balance, tendon lengthen-
ing is carried out as necessary,

SUMMARY

The problems of multiple-finger amputa-
tions have been discussed at the varying

levels at which they are likely to occur. The
problem of preserving the elements of the
hand for grasp, pinch and hook has been out-
lined in such a manner as to suggest some of
the reconstructive possibilities available to
the thinking surgeon. It is well to stress
again that often the greatest opportunity for
reconstruction is at the time of initial surgery
and that an operative plan, covering not only
the immediate surgery but possible future
functional realignment of the hand, should
be formed at this time.
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Amputationes del Digitos e del Mano

Summario in Interlingua

Amputationes que transseca le digitos o
le mano non es simplemente un question de

distruncation ¢ clausion del vulnere sed de
reconstruction secundo un plano formulate
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al tempore del operation initial. Viste que le
plus grande partc de iste reconstruction pote
esser effectuate [e melio al tempore del prime
session chirurgic, il es importante pro le
chirurgo que ille possede un cognoscentia
fundamental del function del mano ¢ del
principios chirurgic relationate al amputation
deillo. Assi motivate, le autor ha dividite su
presentation in tres phases: (1) Considera-
tiones functional; (2) le amputation de un
sol digito; ¢ (3) le amputation de plure
digitos. In le prime de iste tres partes, Ie
problema del function es considerate in le
fumine del tres activitates basic del mano,
i.e. sasir, pincear, e uncinar, Un evaluation
del varie segmentos digital es presentate,
tanto con respecto 2 lor perdita como etiam
con respecto a lor a lor effecto super le resto

del mano, In I secunde parte, e attention
meritate per le varic typos dc histo es pas-
sate in revista, ¢ iste obscrvationes es appli-
cate al diverse grados de amputation, ab e
dissection del puncta de un digito usque al
disarticulation carpometacarpal. Es signa-
late specialmente le desirabile ¢ le non
desirabile situationes con referentia al digitos
individual. Amputationes digital multiple,
discutite in le tertic parte, presenta un pro-
blema particular, proque omne caso debe
esser tractate individualmente pro satisfacer
le requirimentos de omne amputato indivi-
dual. Es delineate certe principios funda-
mental que pote esser usate como guida per
chirurgos qui se trova confrontatc con le
problema de iste complexe amputationes.
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Reconstruction of a Grasping Mechanism
Following Extensive Loss of Digits"

ELDEN C. WECKESSER, M.D.}

The fingers and the thumb with their fine,
tactile sense and delicate precision move-
ments arising from the broad sensitive palm
offer man his greatest means of carrying out
the ideas conceived by his mind. The sud-
den loss of a major portion of this delicate
mechanism is irretrievable—one that even
the most careful surgery can only modify.

After partial amputation of the hand, the
role of the surgeon is that of restorer of all
possible prehensile power with sensation of
acral parts to as near normal as possible.
This involves the rearrangement of the re-
maining architecture of the injured hand to
furnish the individual with movable, sensi-
tive, apposable parts with which he can grasp,
pick up and move about the necessary things
of life. It is desirable that he be able both to
care for himself and to continue as a useful
member of society. The vocation of the pa-
tient may influence the type and the extent of
surgical repair to be undertaken.

TYPES OF PREHENSION

Figure 1 shows some of the basic types
of prehension of the human hand, As
pointed out by Bechtol,* the fine movements
of the tips of the fingers and the thumb may

* Presented at the meeting of the American
Society for Surgery of the Hand held in Chicago,
I, January 24, 1959,

+ Cleveland, Ohio.
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be divided into fingertip and fingernail pinch
(Fig. 1, top, left & center), This may in-
volve the thumb and any or all of the fingers.
Lateral prehension between the thumb and a
finger is a more secure type of grasp, As
pointed out by Hilgenteldt,!* this is well ex-
emplified by the grasping of a key between
the thumb and the index finger (Fig. 1, top,
right). This grasp readily allows rotary mo-
tion, as in turning a key in a lock. It may
also occur between the thumb and any of the
other fingers.

In the grasping of larger objects, the fin-
gers may form a hook to support a handle
(Fig. 1, bottom, left) or encircle and draw
the object being grasped against the thumb
(Fig. 1, bottom, center) or against the base
of the palm, the thenar eminence and the
thumb (Fig. 1, bottom, right).

The top illustrations represent types of
fine grip; the lower ones, types of coarse grip.
Actually, all combinations of the above are
used. For example, in holding a pencil for
writing, the tip of the thumb opposes the
pencil to the tip of the index finger and the
side of the long finger. In holding a screw
driver, the handle is secured between the
long, the ring and the small fingers, the base
of the palm and the thepar eminence. The
security of the instrument is enhanced by
strong opposition between the thumb and the
index finger tips,
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INCIDENCE OF INJURY

The hands and the arms are the most cx-
posed pacts of the body as the individual op-
erates machines and uses tools and cquip-
ment. The National Safety Council statistics
for 1958, compiled from 11 states, show that
injuries to arms, hands and digits constitute
34 per cent of all industrial accidents. This
is higher than for any other part of the body.
The high incidence of injurics to the hands,
as compared with injuries to other parts of
the body, has been pointed out by Bunnell®
and Rank and Wakefield.'> During the
S-year period 1952 to 1956, 506 cases were
admitted to University Hospitals, Cleveland,
for hand surgery. In 21 of these there were
extensive amputations of the hand, In short,
approximately 100 cases were admitted for
hand surgery each year, and of these ap-
proximately 4 had extensive amputations of
the hand. Undoubtedly the safety programs

carricd out by industry in the Cleveland area
arc responsible for keeping this ratio low.

CLINICAL MATERIAL

Including 3 cases prior to 1952, 24 cases
of partial amputation of the hand were
studied. These cases had complete loss of 2
or more digits or an extensive loss of fingers
that was considered to be equivalent to this.
The age range was from 3 to 59 years. The
average age was 32, There was a predomi-
nance (58%) in the 21- to 50-year age
group. Three cases had bilateral injury, and
9 had right- and 12 left-hand injury. Among
13 patients who injured one hand, 9, or 69
per cent, injured their major hand. It is not
surprising that the hand used more is injured
the oftener.

It is realized that the loss of a single finger
may handicap a person seriously for certain
pursuits and that grasp is altered seriously in

4 el LT

F16. 1 Types of prehension of the human hand.

(Top, lefr) Fingertip pinch. (Top, center) Fingernail pinch. (Top, right)
Lateral prehension or “key gnp” This is firmer and allows ready rotation
(Bottom, left) The flexed fingers act as a hook to support a handle. (Bottom
center) The flexed fingers draw the object against the thumb. (Bonom:

right) The fingers draw the object bein

the thenar emunence and the thumb,

the object being grasped.

g grasped agamnst the base of the palm,

gwing the most secure grip of all. It i
In the use of large tools, such as the hammer, A i of

greatest value i providing a broad base agai

that the width of the palm is of
nst which the fingers can draw
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all persons with loss of the thumb alone.
However, these problems deserve individual
consideration. The management of associ-
ated injuries of remaining digits is not cov-
ered here because of limitation of time and
space.

Etiology. These injuries reflect the ma-
chine age—punch presses, steel rollers, gears,
grinders, buzz saws and the like. Power
tools and machines that furnish man with
the comforts of our age at times work to his
destruction. Of the 24 cases studied, 22
were caused by machinery, 1 by frostbite and
1 by a gunshot wound.

CLASSIFICATION OF DESTRUCTIVE
HAND WOUNDS

Classification is difficult, since all combi-
nations of injury are possible. However,
designation of the portion of the hand de-
stroyed serves some descriptive value and
designates which of the major nerves is most
likely to be involved.

Radial Border Injury. Greatest injury
to thumb and index rays. Median nerve in-
jyury most likely.

Ulnar Border Injury. Greatest injury
to ring and small rays. Ulnar nerve injury
most likely.

Central Injury. Greatest injury to index,
long and ring rays.

Complete Destruction. Fingers; fingers
and thumb.

PRIMARY TREATMENT OF
DESTRUCTIVE WOUNDS
OF THE HAND

The great importance of prnimary treat-
ment ensures 1ts inclusion here. The gen-
eral principles of mitial care of the injured
hand have been outlined by Mason,'
Frackelton,® Bunnell,?> Curtis® and others,

Frequently, injuries in which a part of the
hand is lost leave the remainder of the hand
so disorganized that the surgeon hardly
knows where to start in his attempt to sal-
vage functional parts  The skin may be tom

away and every remaining tissue damaged
(see Fig. 6, top, left). However, we know that
great reparative powers exist if an adequate
blood supply remains. The first requirement,
then, is one of circulation. This being pres-
ent, the general plan of procedure of an ex-
perienced surgeon interested in hand surgery
should be somewhat as follows:

I.. General or regional anesthesia in the
main operating room.

2. Mechanical cleansing of surrounding
skin and nails.

3. Gentle irrigation of the wound proper
with normal saline.

4. Assessment of the extent of injury.

5. Removal of devitalized tissue and for-
eign bodies.

6. Alignment of fractures,

7. Nerve repair.

8. Tendon repair in the more favorable
cases.

9. Skin coverage: primary closure, flap
rotation, free grafting, pedicle flap.

10. Immobilization in position of func-
tion when possible.

Primary closure or coverage during the
first 4 to 6 hours is most important, and
immobilization, elevation and antibiotics
should be almost routine, as well as im-
munization against tetanus. Thus, swelling
should be dimimshed and the hazard of in-
fection lessened. Alignment of fractures and
fixation with some means, such as Kirschner
wires, are highly desirable prior to primary
closure whenever possible. There is never a
more favorable time to establish a good
framework. If the case is an early one and
contamination is not great, nerve and possi-
bly tendon repair may be done primarily
also. However, the latter frequently can be
done with less chance of infection and with
a greater chance of success at a later time in
the severely traumatized cases.

DELAYED TREATMENT TO
IMPROVE PREHENSION
Though good primary treatment in de-
structive wounds of the hand is most impor-
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Fic. 2. Showing the distal end of the pedicle
folded back on itself. This gives good coverage,

tanr, much cannot be done initially and must
be carried out at a subsequent time. The de-
fayed procedures that may be of value in im-
proving prehension may be Jisted as follows:

1. Deepenming interdipital clefis: meta-
carpal removal, Z-plasty, free grafts, pedicle.

2. Strengthening
transfers.

3. Improvement of skin coverage and
sensation. rotation flap, graft, neurovascular
pedicle,

4 Reconstruction by pedicle flap and
bone graft.

5 Rotary angulatary ostcotomy.

6. New cleft formation: hand, forearm,

7. Pollictzation.

8. Toe transfer.

9. Prosthesis: cineplastic, post, hook.

opposition: tendon

DEEPENING INTERDIGITAL CLEFTS

This procedure is one of the most useful
means of restoring or improving prehension.

without scar, at the tip of the pedicle.

1t is a comparatively simpie method that re~
quires few operative stages, Usually, normal
skin can be left within the grasping mech-
anism for stereognostic sense. Generally, it
is employed to deepen the cleft between the
thumb and the palm, but it may be used for
any other digit as well. Deepening a cleft
serves to lengthen the digits relatively and
allows greater span for the grasping of larger
objects. Often a metacarpal may be removed
to widen the cleft further,

This technic is well described by Bunnell®
and Hilgenfeldt.1t

STRENGTHENING APPOSITION

Added strength of grip can be obtained by
tansfer of tendons from amputated digits,
In this way, muscle power, which otherwise
would be lost, is used to strengthen apposi-
tion. The rerouting of the tendons must be
done as indicated in the indwidual case so
as to give the best angle of pull. ‘The oppo-
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nens transfer, looping the tendon about the
insertion of the flexor carpi ulnaris, has been
most useful, The tendon T and the tendon
loop operations, as described by Bunnell,?
are also very useful in selected cases. The
value of increased strength of grasp is par-
ticularly great when the palm is narrowed
and the remaining digits are shortened, as is
often the case in partial amputations of the
hand.

IMPROVEMENT OF SKIN COVERAGE AND
SENSATION

A grasping mechanism is subject to much
minor trauma and requires skin tough
enough to withstand bumps and scrapes.
Sensation serves the dual purpose of protec-
tion and stereognosis. The latter is of out-
standing usefulness to the individual and is
a great advantage over an artificial hand.
How to keep or to bring normal skin within
the grasping mechanism is one of the impor-

tant problems facing the hand surgeon.
Often this can be done by flap rotation or,
less frequently, by neurovascular pedicle
transfer.’? By these methods, sensitive skin
can be placed in‘the areas where it will be
utilized best and the balance of skin cover-
age made with free graft or pedicle flap. Of
course, anesthesia due to nerve division
requires nerve repair.

RECONSTRUCTION BY PEDICLE FLAP AND
BoNE GRAFT

The restoration to function of the remain-
ing traumatized portions of a partially am-
putated hand may not suffice to give the
patient grasp. Then, in selected cases the
building up of a part or parts of the residual
portion of the hand may be very useful. This
becomes particularly true when all digits
have been amputated or the thumb has been
destroyed. This technic requires staged pro-
cedures, which are time consuming both for

Fic 3 Case 1. (Top, left) When
first seen 6 months after mjury. (Top,
right) Final appearance 11 years after
repair  (Botiom) Roentgenogram 11
years after reparr. The patient has
worked for the past 10 years i the
steel mill 1n which he was ijured. He
buttons and unbuttons his clothes,
drives hus own car and uses many tools.
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patient and doctor. However, in our experi-
ence, the results have justified the means.
We have preferred the use of abdomh.ml
tubed pedicle flaps, usually prepared prior
to attachment and bone from the iliac crest.

Sometimes sensation of the pedicle tissuc
is not good, and difficultics with open uleera-
tion have been reported. The latter has not
been a problem in our hands, In the con-
struction of a post for apposition, it has been
our custom to form the free end by folding
over the pedicle distally, so as not to leave
ascar at the tip (Fig. 2). This gives tougher
coverage at the tip with less likelihood of
ulceration. Bunnell recommends keeping the
reconstructed structures short. Whenever
possible, normal skin should be used on ap-
posable surfaces to give stereognosis, as men-
tioned previously.

ROTARY ANGULATORY OSTEOTOMY

This procedure, recommended by Bun-
nell® and by Onne!* is most useful when re-
maining digits do not meet. By changing the
plane of flexion of a remaining digit, better
opposition can be obtained in selected cases.
This is particularly true when the central
digits are lost and the central metacarpals
are retained. Usually, the osteotomy is made
at the base of the metacarpal of the remain-
ing ray whose direction is to be changed, un-
less a fracture exists at another level. Grasp
can be improved very greatly by this meth-
od, though narrowness of the grasping
mechanism may still be a problem if several
metacarpals were lost.

NEw CLEFT FORMATION

This procedure involves making a cleft
where none existed previously. In the hand,
s involves the removal of a metacarpal, as
described by Bunnell.* The fourth or the
fifth metacarpal having mobility at the base
can be used for apposition when the first is
missing 1f proper tendon transfers are carried
out to supply strength of grip. In the fore-
arm, the Krukenberg cleft between radius
and una has been reported to be useful,

especially in blind persons.* However, the
cosmetic result is not good.

POLLICIZATION

Rotation of a finger to thumb position in
cases of loss of the thumb has proven to be
useful. This may be the adjacent finger or
the long finger. Amputation of the tip of
the transplanted digit has been performed by
Littler' to make it of more suitable length
for apposition with the other fingertips. At
present, the author is reserving this proce-
dure for a case in which the thumb was am-
putated completely and the index finger in-
jured. Observation of several individuals
with thumb amputation who have made dex-
terous use of their index fingers in the nor-
mal position have made him hesitant of risk-
ing impaired movement and sensation in a
transplanted position.

ToE TRANSFER

The transfer of a toe to replace a digit on
the hand was first reported by Nicoladoni in
1900. Clarkson® and others®*® have recently
reported favorably on the procedure, though
movement and sensation of the transplanted
digits have been a problem.

PROSTHESIS

An artificial appliance does not have sen-
sation, it wears out, and it is a nuisance to
apply and to keep in repair. In spite of all
these objections, many are very useful and
the best that can be accomplished when no
grasping mechanism can be reconstructed.
The aruficial post to appose normal fingers
has the advantage of sensation in a part of
the grasping mechanism.

For the workingman with complete ampu-
tation of the hand, the hook is still the most
practical, either with shoulder harness or
cmeplasty. The Army Prosthetic Research
Laboratory’s mechanical hand with cosmetic
glove looks better and is very useful. In suit-
able cases, cineplasty allows opening and
closing of the hook or hand without moving
the arm or opposite shoulder.
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Fic 4 Case 2. (Top, left) Appearance roentgenographically when the patient was

e o

first seen 3 months after injury. (Top, right) Excellent primary treatment by free
grafting has given primary coverage. (Bottom, left & right) Appearance after recon-
struction The patient now handles medium-sized objects quite well He dresses himself,
dnives his own automobile and 1s back at work at the steel mill running a conveyor.

CASE REPORTS

The author now summanzes 14 cases of
partial amputation of the hand with which
he has been concerned.

Case 1. A 49-year-old white man had both
tus hands caught 1 a punch press while work-
g n a steel mull February 22, 1947 All the
fingers of the right hand were amputated at the
metacarpophalangeal joints and the thumb at
the nterphalangeal joint The hand was a con-
gealed club with no method of grasp The left
hand showed a retained index finger with the

thumb amputated through the metacarpal and
the balance of the hand off through the carpus.

Figure 3, top, left, shows the condition of the
patient’s hands when he was first seen 6 months
after injury. He could hold objects only by
pressing tus hand stumps together, and he was
qurte helpless K

By means of 8 operations over the following
9 months pedicle flaps from the abdomen were
applied to the thumb areas of each hand. On
the right, the mdex metacarpal was rempved
and a free skin graft also was used to give a
deep cleft with a span of 134 inches (Fig 3, fop,
right).
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Adduction of the thumb was strengtt ] b

Taint is that he gets a callus on

attachment of 2 flexor tendons of the ampu-
tated fingers. An iliac bone graft was inserted
into the pedicle on the left thumb to give a post
for apposition to the remaining index finger.
This provided grasp for objects of small and
medium size for both hands. The grasp span
is 2% inches on the left.

Figure 3, bottom, is the roentgenogram taken
in October 1958, 1114 years after injury. A
severe post-traumatic arthritis of the proximal
finger joint is scen with ulnar luxation of the
digit. However, the patient has useful painless
motion and grasps strongly with his hands.

He dresses himself, he buttons and unbuttons
his clothes, and he has been back at work at the
steel mill for the past 10 years He drives his
own automobile and is self-sufficient. He uses
a hammer with both hands and can drive spikes.
The pedicle tissue of the thumbs has worn well,
Protective sensation has returned. There has
been no difficulty with ulcerations. His only

his rlight thumb pedicte.

Casc 2. A 43-ycar-old white man had both
hands caught in stecl-mill rollers February
20, 1957, when he was attempting to remove
an irregularity on onc of the rollers with a file.
The rollers were moving toward him, but as he
pressed the file against them his hands were
carried under the Jower one and caught between
it and the frame of the machine. There was
extensive avulsion of the skin, as well as ampu-
tation of all digits of both hands. The amputa-
tions on the right were through the proximal
phalanges and on the left somewhat more proxi-
mal (Fig. 4, top, left). His wounds were well
covered with free skin grafts when he was first
seen 3 months after injury. Figure 4, top, right,
demonstrates excellent primary treatment. How-
cver, he was unable to grasp with either hand
because of lack of apposable parts on his hand
remnants.

F16. 5. Case 3. (Top, left)
Severe frostbite of both hands 2
weeks after mjury, (Top, right)
Loss of fingers ‘with fortunate
survival of thumbs (Lefr, center
& bottom) Final appearance
after pedicle-flap coverage. The
Ppatient dresses himself, buttons
and unbuttons his clothes, and
has good grasp between thumb

and palm of each hand.
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Fic. 4. Case 2. (Top, left) Appearance roentgenographically when the patient was
first seen 3 months after injury. (Top, right} Excellent primary treatment by free
grafung has given primary coverage. (Bottom, left & right) Appearance after recon-
struction The patient now handles medium-sized objects quite well, He dresses himself,
drives his own automobile and is back at work at the steel mill running a conveyor.

CASE REPORTS

The author now summarizes 14 cases of
partial amputation of the hand with which
he has been concerned.

Case 1. A 49-year-old white man had both
his hands caught m a punch press while work-
ing 1n a steel mill February 22, 1947 All the
fingers of the night hand were amputated at the
metacarpophalangeal joints and the thumb at
the interphalangeal joint. The hand was a con-
gealed club with no method of grasp. The left
hand showed 2 retained index finger with the

thumb amputated through the metacarpal and
the balance of the hand off through the carpus.

Figure 3, top, left, shows the condition of the
pattent’s hands when he was first seen 6 months
after injury. He could hold objects only by
pressing his hand stumps together, and he was
quite helpless.

By means of 8 operations over the following
9 months pedicle flaps from the abdomen were
applied to the thumb arcas of each hand. On
the right, the index metacarpal was removed
and a free skin graft also was used to give 2
deep cleft with a span of 1% inches (Fig. 3, top,
right).
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Adduction of the thumb was strengthened by
attachment of 2 flexor tendons of the ampu-
tated fingers. An ilinc bone graft was inscrted
into the pedicle on the left thumb to give a post
for apposition to the remaiming index finger.
This provided grasp for objects of small and
medium size for both hands. The grasp span
is 2¥% inches on the left,

Figure 3, bottom, is the roentgenogram taken
in October 1958, 1114 ycears after injury, A
severe post-traumatic arthritis of the proximal
finger joint is scen with ulnar luxation of the
digt. However, the patient has useful painless
motion and grasps strongly with his hands.

He dresses himself, he buttons and unbuttons
his clothes, and he has been back at work at the
steel mill for the past 10 years. He drives his
own automobile and is self-sufficient. He uses
a hammer with both hands and can drive spikes.
The pedicle tissue of the thumbs has worn well.
Protective sensation has returned. There has
been no difficulty with ulcerations. His only

complaint is that he sometimes gets a callus on
his right thumb pedicle,

Case 2. A 43-year-old white man had both
hands caught in steel-mill rollers February
20, 1957, when he was attempting to remove
an irregulanty on one of the rollers with a file.
The rollers were moving toward him, but as he
pressed the file against them his hands were
carricd under the lower one and caught between
it and the frame of the machine. There was
extensive avulsion of the skin, as well as ampu-
tation of all digits of both hands. The amputa-
tions on the right were through the proximal
phalanges and on the left somewhat more proxi-
mal (Fig. 4, top, left). His wounds were well
covered with free skin grafts when he was first
seen 3 months after injury. Figure 4, top, right,
demonstrates excellent primary treatment, How-
ever, he was unable to grasp with either hand
beeause of Jack of apposable parts on his hand
remnants,

e
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FiG. 5. Case 3, (Top, lefty
Severe frostbite of both hands 2
weeks after inury, (Top, right)
Loss of fingers “with fortunate
survival of thumbs {Left, center
& bottom) Final appearance
after pedicle-flap coverage. The
patient dresses himself, buttons
and unbuttons his clothes, and
has good grasp between thumb
and palm of each hand.
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By means of 12 operative procedures during
the next 13 months, abdominal pedicle flaps
were applied to each thumb stump; and these
structures then were lengthened by iliac bone
grafts. The index finger on the right hand was
lengthened likewise. On the left hand, the index
metacarpal was removed to deepen and broaden
the cleft between the thumb and the Jong finger
metacarpal, and the latter was lengthened with
an tiac bone graft. The appearance externally
and roentgenographically is shown in Figure 4,
bottom, left & right.

Protective sensation has returned completely
to the right thumb pedicle, but not completely
to the right index tip. On the Jeft hand, protec-
tive sensation has returned to the long-finger
pedicle except at the extreme tip. The left
thumb, which underwent operation most re-
cently, has the least amount of sensory return.
Fortunately, normal skin was preserved over
the volar surface of the right thumb, The pa-
tient now handles objects of medium size quite
well, He dresses himself, he drives his own
automobile, and he is back at work at the steel
mill running a conveyor.

Case 3. A 43-year-old white machinist, struck
on the head by a robber, lay in the snow several
hours during zero weather in January, 1957.
He developed a severe frostbite of all digits of

both hands. The appearance 2 weeks later is
seen 1n Figure 5, top, left. The fingers were
completely lost, as shown in Figure 5, top, right,
with survival of the thumbs, Abdominal pedicle
flaps were used to give good coverage of the
areas of amputation {Fig. 5, bottom). The pa-
tient dresses himself, he buttons and unbuttons
his ¢clothes, and he has good grasp between the
thumb and the palm on both hands. He is un-
employed at present.

Case 4. A 29-year-old left-handed white man
had his left hand canght in a blanking press
February 8, 1957. Al digits were amputated
through their metacarpals.

Abdominal tube pedicle flap has been used to
lengthen the thumb and the ring-finger stumps,
but bone grafts have not yet been inserted.
Reconstruction has been delayed because of
problems in the patient’s home.

~ e 4 oan e eltat. ai3 s

admitted to the hospital shortly afterward. Se-
vere mangling injury is shown in Figure 6, fop,
left. All digits were amputated, the fingers at the
middle jomnts and the thumb at the interphalan-
geal joint. There was severe avulsion of the skin
from the balance of the fingers and the dorsum

FiG, 6. Case 5. (Top, left) Appear-
ance of left hand shortly after mjury
in a rolling press. (Top, right) Ap-
pearance after dermatome skin-graft-
ing and deepening of mterdigital cleft
between thumb and index finger by
Z-plasty and skin graft. (Bottom)
Final result showing ability to grasp
pliers, though the patient was not able
to manspulate the tool with his short-
ened digits.
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of the hand. An attempt was made to replace
the avulsed shin over the stumps of the digits.
This was unsuccessful because of the severe
trauma sustained by the skin at the time of
injury, and it was later replaced with a derma-
tome shin graft. Four months later the cleft
between the thumb and the index finger was
deepened by Z-plasty and dermatome skin graft.
The patient then was able to grasp objects of
small and medium size and to use his hand quite
well. He was able to return to work and has
performed his usual tasks as a laborer for the
past 4 years. Figure 6, fop, right, and bottom,
shows him grasping pliers. However, his short-
ened digits prevent him from opening the tool
in a normal way. Though he can grasp it, actu-
ally he cannot use it effectively.

Case 6. On January 23, 1952, a 24-year-old
left-handed white man was cleaning the gears
of an operating wallpaper printing press with a
cloth. The cloth caught in the gears, drawing
his left hand in with it. The index and the long
fingers, as well as the carpal bones, were lost.
Figure 7, 10p, lef1, is the roentgenographic ap-
pearance when the author first saw the patient
in November, 1953. The man had already had

Fia. 7. Case 6. (Top, left) Roentgenogram when
after injury. He was unable to grasp. (Top,
month provided strong grip (bottom, left & ri

athis old job for the past 5 years.

a long serics of operative procedures but was
unable to grasp.

An opponens transfer, utilizing the flexor
tendons of the amputated fingers, was done in
November, 1953 (Fig. 7, top, right), and gave
excellent results. He has had a strong grip with
his left hand between the thumb and the ring
finger (Fig. 7, bottom, left) and has been em-
ployed at his old job for the past 5 years.

Case 7. In May, 1952, at the age of 8, while
riding on a tractor with her father, the patient
had her right hand caught between a tractor
wheel and a metal tool box. The long, the ring
and the small fingers were amputated. The
index finger and the thumb were preserved. A
dermatome skin graft was applied to the ulnar
border of the hand July 12, 1952, to provide
better skin coverage, Figure 8 shows the girl's
ability to write and to play the violin 6 years
after injury. Prior to injury she played the
piano. After the injury she changed to the violin,
with which she has become very proficient.

Case 8. A 49-year-old white man had his left
hand caught in a punch press March 8, 1956,
All fingers were amputated through the meta-

7, . ..
/178 PR SUTRRIN

; patient was first seen 18 months
right) Opponens transfer done the same
ght). The patient has been back at work
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arpals and the thumb through the proximal
halanx.

The patient experienced severe psychological
cpression and complained of much pain in the
ack of the hand that prevented movement of
hat remained of the thumb Becaunse of con-
nued pain n the hand stump, finally an ampu-
tion at the wrist was carried out at the patient’s
quest about 6 months after njury and he was
tted with 2 No 5X Dorrance hook and shoui-
er harness

When last heard of, 4 months after the
rosthesis was applied, the patient seemed to be
ctting along well and did not mention pain in
s hand stump

FiG. 8. Case 7. This girl, injured by a
tractor wheel, underwent amputation of
all but the index finger and the thumb,
Six_years after operation she is shown
(top) writing and (bottom) playing the
violin, She steadies her right hand on the
bow by intertwining her thumb in it. This
compensates for the Jack of width of her
palm. She is an accomplished violmist.

Case 9. At the age of 7, this 42-year-old
man, who is right handed, had s right hand
caught 1n an ensilage cutter on his grandfather’s
farm. All fingers and most of the thumb were
lost He grasps by flexing the remnant of his

salesman,

He feels that any type of prosthesis or recon-
struction would be a handicap to him at this Jate
date.

This demonstrates the value of preserving
only a remnant of hand, especially in a child

(T S AR

Catoula,  1ne sman lrger @na a slump oL e
thumb remain (Fig. 10). Grasp could be
improved here by rotation osteotomy of the
rematning small finger to make it oppose the
stump of the thumb. Operation 15 under con-
sideration.

The patient supports his wife and child by
doing factory work at present

Case 11. This 73-year-old right-handed man
had his right hand caught in a cottonseed press
at the age of runeteen All fingers were ampu-
tated, and the thumb stiffened in the distal jount
(Fig. 11). Grasp could be improved by build-
ing a post for the thumb to appose, but the
patient is too old for this to be considered.

Case 12. A 60-year-old left-handed man sus-
tained a gunshot wound of the left hand on
September 28, 1958. He suffered destruction
of the radial 2 fingers and the carpus and com-
pound fracture of the distal radius, with residual
bullet fragments embedded deeply in the tissues

Two months later the patient was grasping
quite well between thumb and finger, Figure 12
shows him tying his shoelaces

The hand 1s very useful to him. However,
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Fi6. 9. Case 9. Demonstrating a most
unusal method of grasp by flexing the
carpus and the first metacarpal against
the forearm. Amputation was done at 7
years of age. This shows the value of
saving the carpus and a Temnant of the
thumb metacarpal in a child,

Fic. 10. Case 10 Buzz-saw amputa-
tion of all digits except small finger and
base of thumb. Grasp could be improved
by rotation osteotomy of the small-finger
metacarpal to make the small finger ap-
pose the thumb remnant.

lacking a broad palm, many types of objects are
less secure in his grasp, More recently, bullet
fragments were removed from the wrist because
of inflammation, but he is now once again

Fig, 11. Case 11.

Amputation of all
fingers in a press at 19 years of age. Grasp
could be improved greatly by building up
ulnar border of hand “to” appose the
thumb.

FiG. 12. Case 12. Very useful pinch is
demonstrated n this 60-year-old man who
lost 3 finger rays and his carpus in a gun-
shot injury.

grasping quite well with a span of 4 inches
between the thumb and the small fingertip.
Because of destruction of the index, the long
and the ring metacarpals, the small finger meets
the thumb better than it otherwise would, and
no rotary osteotomy is indicated. The patient
1s having some phantom pain in his index and
ring fingers.

Case 13. A 20-year-old Puerto Rican had
his right hand caught in a punch press August
16, 1953, shortly after coming to the United
States. He sustained an amputation of the long,
the ring and the small fingers The residual
thumb was normal. However, the rasidual index
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carpals and the thumb through the proximal
phalanx.

The patient experienced severe psychological
depression and complained of much pamn in the
back of the hand that prevented movement of
what remained of the thumb Because of con-
tinued pain in the hand stump, finally an ampu-
tation at the wrist was carried out at the patient’s
request about 6 months after injury and he was
fitted with a No 5X Dorrance hook and shoul-
der harness.

When last heard of, 4 months after the
prosthesis was applied, the pattent seemed to be
getting along well and did not mention pain n
his hand stump

FiG. 8. Case 7. This girl, injured by a
tractor wheel, underwent amputation of
all but the index finger and the thumb,
Six years after operation she is shown
(top) writing and (bottom) playing the
violin. She steadies her right hand on the
bow by intertwining her thumb in it, This
compensates for the lack of width of her
palm. She is an accomplished violinist.

Case 9, At the age of 7, this 42-year-old
man, who is right handed, had his right hand
caught in an ensilage cutter on his grandfather’s
farm. All fingers and most of the thumb were
lost He grasps by flexing the remnant of his
hand against his forearm, as shown in Figure 9.
He leads a very active life and plays golf. He
is married and has a family, and he works as a
salesman.

He fecls that any type of prosthesis or recon-
struction would be a handicap to him at this late
date.

This demonstrates the value of preserving
only a remnant of hand, especially in a child.

.

Carolina, The sma]! finger and a stump of the
thumb remain (Fig 10). Grasp could be
improved here by rotation osteotomy of the
remaning small finger to make jt oppose the
stump of the thumb. Operation is under con-
sideration.

The patient supports his wife and child by
doing factory work at present.

Case 11. This 73-year-old right-handed man
had his right hand caught 1 a cotfonseed press
at the age of nimeteen. All fingers were ampu-
tated, and the thumb stiffened n the distal joint
(Fig 11). Grasp could be improved by butld-
g a post for the thumb to appose, but the
pattent 1s too old for this to be considered.

Case 12, A 60-year-old left-handed man sus-
tained a gunshot wound of the left hand on
September 28, 1958. He suffered destruction
of the radial 2 fingers and the carpus and com:
pound fracture of the distal radius, with re'sxdual
bullet fragments embedded deeply in the tissues

Two months later the patient was grasping
quite well between thumb and finger. Frgure 12
shows him tying his shoelaces.

The hand is very uscful to him. However,
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F16. 9, Case 9. Demonstrating a most
unusal method of grasp by flexing the
corpus and the first metacarpal against
the forearm. Amputation was done at 7
years of age. This shows the value of
saving the carpus and a remnant of the
thumb metacarpal in a child.

Fra. 10 Case 10 Buzz-saw amputa-
tion of all digits except small finger and
base of thumb, Grasp could be inproved
by rotatton osteotomy of the small-finger
metacarpal to make the small finger ap-
pose the thumb remnant,

lacking a broad palm, many types of objects are
tess secure 1n s grasp  More recently, bulfet
fragments were removed from the wrist because
of mflammaton, but he 15 now once again

Fig. 11. Case 11. Amputation of afl
fingers in a press at 19 years of age. Grasp
could be improved greatly by building up
utnar border of hand to appose the
thumb.

T~ 37 (ase 12, Very useful pinch is
; kA

shot ijury.

grasping quite well with a span of 4 inches
between the thumb and the small fingertip.
Because of destruchion of the index, the long
and the ring metacarpals, the small finger meets
the thumb better than it otherwise would, and
no rotary osteotomy is indicated. The patient
is having some phantom pain in his index and
ring fingers.

Case 13. A 20-year-old Puerto Rican had
Yus right hand caught in a punch press Aupust
16, 1953, shortly after coming 1o the Umted
States. He sustained an amputation of the long,
the ring and the small fingers. The residual
thumb was normal However, the rasidual index
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r had a fracture of its metacarpal and
ed extensor and flexor tendons, as well as
ed digital nerves.

rve and tendon sutures were performed in
tempt to restore function to the index finger
only partial success, The language barrier
:nted good patient co-operation, Though
tion returned completely to the index
-, motion was poor. When last seen, the
nt was not using his hand well for grasp.
is in marked contrast with Case 7.

ise 14. A 23-year-old right-handed white
lost all the fingers of his right hand in a
h press October 6, 1951. The residual
b was normal. The index, the long and the
fingers were amputated at the base of the
mal phalanges and the small finger through
uddle phalanx.

ven years after injury the patient's wounds
all healed well and he grasped quite well
:en thumb and finger stumps. Flexion of
uddle phalanx of the small finger was quite
11n making grasp more secure. He is still
handed,

e patient now lives in another city and
s his living as a mill man in a lumber mill,
sperates planes, saws and joiners without
ulty. He uses a hammer very well, since
alm still is broad. He states, “My hand is
‘eat handicap.” However, he does miss the
wl Jength of his fingers in gripping, espe-
" in using pliers.

SUMMARY

1¢ hand 1s an organ with great functional
ve. Though the loss of any part of it
ts in some impairment, the overlap is
t enough so that often compensation oc-
for most duties. Fine, delicate purch
ements are lost first and the coarser
p functions later. To what degree a man
isabled depends on the amount of the
1 lost and the type of work performed.

breadth of the palm is important
scure grasp of larger heavy objects and
;, but less so for fine fingertip pinch if
a1erves, the muscles, the tendons and the
s of these fine, delicate movements are
1paired. The length of the fingers is im-
ant in closing about objects of irregular
e to produce secure grasp. Shortening
he fingers produces lack of " in

working with tools with movable handles
such as pliers, though grasp of stationary
objects may be quite good. In its simplest
form the apposition of any two parts can
provide prehension, as illustrated in Case 9.
This demonstrates the value of saving viable
parts of the hand.

The upper extremity js the part of the
body injured most frequently in industry.
The hand that was used more was the one
injured in approximately two thirds of the
cases. The importance of primary treatment
in destructive wounds of the hand is empha-
sized and outlined.

The various reconstructive procedures
have been outlined and discussed. We have
found deepening of interdigital clefts, tendon
transfers for apposition, improvement of
skin coverage and reconstruction by pedicle
flap and bone graft to be most useful. The
last is of greatest use when the digital ampu-
tations are most extensive.

In our experience, digits reconstructed by
pedicle flap and bone graft have not ulcer-
ated, and usually they have developed pro-
tective sensation. The reconstructed mem-
bers have been kept comparatively short,
and the tips have been formed without scar
by folding over the end of the pedicle at the
time of construction (see Fig 2).

In regard to the over-all results of the
cases presented here, 2 of the 13 completed
cases are regarded as poor (Cases 8 & 13).
In 1, failure was due to pain in the residual
portion of the hand; and in the other, lan-
guage difficulty and a low threshold of pain
prevented active exercise after operation. In
the other 11 cases (85%), effective grasp
was retained.

CONCLUSIONS

1. Any apposable sensitive portions of
the hand can be useful for grasp.

2. Reconstruction of apposable parts of
the hand by pedicle flap and bone graft 1s a
useful means of restoring grasp following ex-
tensive loss of digits if the parts are kept
short.
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3, Skin with normal sensation should be
brought into the grasping mechanism when-
ever possible.
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Sasir Post Perdita Extense de Digitos

Interlingua

tura cutanee es specialmente importante post
disbridamento.

Mesuras de grande utilitate reconstructori
es le augmentation del profundor del fissuras
interdigital, le melioration del copertura
cutanee, le transferimento de tendines, e le re-
construction per pannos pediculate e graffos
de osso. Normalitate del pelle es conside-
rate como extrememente desirabile ab le
puncto de vista del mechanismo de sasir.
Tamen, quando isto non es possibile, digitos
de un certe utilitate pote esser reconstruite
per medio de pannos pediculate e graffos de
osso. Istos debe remaner curte. Es presen-
tate le caso de un patiente, sub observation
depost 10 annos, qui ha un utile mechanismo
de sasir gratias a digitos coperite con pannos
de pelle pediculate. In altere casos presen-
tate, le periodo de observation Ppost-operatori
es minus extense,
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Digital Flaps in Reconstructive and
Traumatic Surgery

MicHAEL L. LEwIN, M.D.*

Trauma to the fingers is the most frequent
injury encountered in industry and in the
home. In the past its treatment was regarded
as minor surgery, and many such injuries
resulted in permanent disabilities, prolonged
morbidity and serious economic loss to the
indwidual, to industry and to society. It has
become apparent that these injuries deserve
more of the surgeon’s attention and skill than
they have received until now.

Many injunies to the fingers involve losses
of tegumental tissue, which plays an impor-
tant part in the proper function of the hand.
Many manual skills depend on the fine tac-
tile sense of the digits. A workingman’s
livelihood depends on the unrestricted mo-
bility of his fingers and on stable digital skin
that is able to withstand friction, pressure,
and the wear and tear to which a working
hand is exposed.

The skin on the palmar surface of the
hand and the digits has special qualities un-
matched by skin anywhere else on the body.
It is firm, tough and tightly drawn, and it
has a protective cornified layer. It has a
compact subcutaneous component. Even
relatively small skin losses in this area can-

not be compensated for by simple approxi-
mation of the surrounding skin. Plastic
maneuvers, such as Z-plasty, are uscful in
preventing contracting scars but have limited

* New York. N Y
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application in replacement of tissue loss. The
skin of the fingers, particularly of the finger-
tips, is richly supplied with free sensory nerve
endings and the tactile corpuscles of Meiss-
ner, which account for its highly developed
sensory perception.

Scarring of the fingers may interfere with
both motion and sensation. Cicatricial con-
tractures limit freedom of motion. Scarring
on the fingertips and on the volar surface
produces areas lacking the tactile sense,
often unstable and painful on pressure, and
interferes with grasping mechanisms and
the fine movement of the fingers.

Frequently, losses of skin and subcutane-
ous tissues are associated with injuries of the
underlying structures (nerves, tendons, joints
and bones). Repair of the deep structures,
either primary or secondary, cannot be done
successfully and reliably without adequate
provision for replacing the skin and en-
suring primary healing.

FREE SKIN GRAFTS

Not every tissue loss on the fingers calls
for replacement with a flap. Defects involv-
ing the skin alone that leave subcutaneous
soft tissue undamaged lend themselves to
resurfacing by a free graft, either full thick-
ness or split thickness. Over an adequate
soft-tissue pad, these grafts are durable and
satisfactory. The return of semsation is
prompt; although 1t may be somewhat in-
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complete, it is equal or superior to most of
the resurfacing procedures,

Full-thickness skin grafts have the advan-
tage of better appearance and more stability
than split-skin grafts. In general, they arc
reserved for clective reconstructive proce-
dures. However, they are also used success-
fully in earlier replacement of small trau-
matic losses.

When a definitive resurfacing procedure
cannot be used initially, split-skin grafts are
used as a temporary epithelial cover. This
avoids secondary healing by granulation and
minimizes scarring. Thus, the definitive re-
canstruction can be carried out sooner.

In recent years various composite skin
grafts, utilizing selected donor sites, were
introduced in reconstructive surgery. Some
of these were adapted to reconstructive sur-
gery of the fingers. Since these grafts carry
a subcutaneous component, they can substi-
tute for flaps. However, their use is limited
to selected cases with limited scarring.

McCash® recommended grafts from the
toe pulp to fingertips and claimed that they

were superior in appearance and sensory re-
generation. I have used composite grafts
from the earlobe to replace adherent scars
on the fingertips. The subcutaneous fat sup-
plies the needed padding, but these flaps are
somewhat soft and flabby.

DIGITAL FLAPS

In general, the indication for flap repair is
the need of supplying both skin and subcu-
taneous tissue, Thus, a flap 15 essential where
deep structures need a protective padding
and cushioning effect or where adhesions be-
tween the skin and underlying structure must
be avoided. Flaps should not be used when
.ﬂle surrounding skin is of questionable vital-
ity and pnmary healing 1s doubtful. They
are also contraindicated when there 15 a
likelihood of mfection, which may damage
both the recipient and the donor sites.

Digital flaps were first introduced into
reconstructive surgery for replacement of
contracted or painful scars on the volar sur-

face of the fingers.h** Many of these dis-
abilitics were the result of inadequate early
treatment and could have been avoided by
the usc of these flaps initially. The introduc-
tion of digital flaps into traumatic surgery of
the fingers proved that they were even more
valuable and could be used more frequently
than in delayed reconstructive operations,>7-®
Reliable and satisfactory results are ob-
tained, with a shortening of the period of
disability and with fewer operative stages.

Furthermore, the use of digital flaps wid-
cned the scope of traumatic surgery of the
fingers, The fact that flap coverage was
easily available with simple postoperative
positioning of the finger permitted certain
immediate repairs of deep structures that
otherwise would have been dealt with sec-
ondarily. With the change in the conception
of primary treatment of finger injuries, such
injuries could no longer be considered in the
realm of minor surgery. The operating room,
rather than the emergency room, became the
place for treatment. Such treatment requires
sound surgical judgment in the selection of
cases, thorough preparation of the wound
and an exacting technic of repair.

Finger flaps can originate either from the
involved finger (contiguous flap) or from
one adjacent to it (cross-digital flap). A
rare situation is illustrated in Figure 1, in
which 2 finger flap from the opposite hand
was used. One finger had to be sacrificed
and another required a flap. Filleting of this
finger made available valuable transplanta-
tion material.

As a e, digital flaps are taken from the
dorsal and the lateral surfaces of the fingers
for replacement of defects on the volar aspect
and the tip of the finger. They are also
used, though less frequently, for the repair
of Jocalized defects on the dorsum of the
fingers.

Although the dorsal skin differs in quality
from the skin on the volar surface, in prac-
tice digital flaps integrate well into their pew
location, they differ httle in appearance from
the surrounding skin, and they are durable,



Fic. 1. (Top, left & right) Electrical burn
of night thumb and index finger and left m-
dex finger. Because of destruction of both
digital bundles and flexor tendons, the Jeft
index finger could not be salvaged. However,
there was enough intact skin on this finger
to be used for the resurfacing of salvageable
nght index finger. (Center, left & right)
Postoperative result, showing flap on right
index finger, outhned 1n mk, and amputa-
tion of lett index finger. (Bottom) Diagram
of filleting of left index finger and cross-hand
flap to nght index finger,
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The return of sensation in these flaps is satis-
factory; it is better than in abdominal or
brachial flaps, though it docs not quite reach
the normal level. The skin is firm, taut and
devold of excessive bulk, The few hairs
sometimes present on the dorsum of the
finger are not objectionable when trans-
ferred to the volar surface. With constant
friction they disappear in time.

The available subcutancous layer in digital
flaps is meager but adequate enough to pre-
vent the flap from adhering and to supply
protective padding. However, digital fiaps
are not bulky enough to replace fully the loss
of finger pulp (Fig. 2). And when a flexor
tendon graft is contemplated, an abdominal
flap with a sufficient fat layer may be prefer-
able to digital skin.

The use of flaps from the same or an
adjacent finger simplifies the operative pro-
cedure greatly, particularly the postoperative
treatment. Little or no hospitalization is

Fic. 2. (Left) Painful scarring of tip of thumb with 1
o
& right) Cross-finger flap does not compensal ss of 50!

required. Postoperative immobilization in-
volves only a part of the hand and avoids
uncomfortable fixation, Ieaving the patient
with complete freedom of movement, Scc-
ondary operations, such as revisions, de-
fatting, ctc., arc scldom, if ever, indicated.

The main criticism leveled against digital
flaps is that they add to the disability of the
injured finger or that they damage a normal
finger. Becausc of the Jatter consideration,
the repair of the donor site merits careful
attention. In most cases full-thickness skin
grafts, utilizing the thin skin around the in-
guinal region, are used to resurface the donor
sites. They are sure “to take,” they contract
less than split-thickness grafts, and they
blend well with the surrounding skin on the
dorsum of the finger. A notable exception
is found in Negro patients, who exhibit
strong pigmentation in both grafts and flaps.
When the graft is placed over a thin layer of
areolar tissue, it becomes pliable and freely

|

ft-tissue pad. (Center

te fully for loss of soft tissues, but the result

is satisfactory cosmetically and functionally, and probably it is superior to abdominal flap,
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FiG. 3. (Lefr) Medical student with multiple lacerations of left index finger, sustained
while working with “Do-It-Yourself Kit.” Avulsion of skin fragment at level of proximal
finger crease, complete severance of flexor profundus and severance of ulnar half of

flexor sublimus and digital nerve.

Repair of flexor sublimus, tenodesis of distal fragment of flexor profundus, maintain-
ing shght flexion of fingertip, repair of digital nerve, contiguous digital flap from dor-
sum, and full-thickness skin graft to secondary defect on dorsum,

(Center & right) Result of one operation. Skin graft on dorsum js outlined. Normal
appearance of finger. Finger flexes to proximal palmar crease.

movable against the underlying aponeurosis.

As a rule, full flexion of the donor finger
in cross-finger flaps is re-established, with
the fingertip touching the distal palmar
crease. In older patients with a tendency to
stiffening of phalangeal joints, some limita-
tion of flexion has been noted. Obviously,
these patients would have developed a much
more serious stiffening of all the joints of
the upper extremity had distant flaps been
used.

In traumatic surgery, digital flaps have
been used on the following injuries:

1. Lacerations, with loss of tissue 1n the
proximal part of the finger, often associated
with severance of a digital nerve or injury to
the tendon apparatus (Fig. 3).

2. Loss of the soft-tissue pad on the
fingertips over the distal phalanx (Fig. 2).

3. Traumatic partial amputations of the
finger (Figs 4 & 5).

4. Localized injuries over the dorsum,
with avulsion of aponeurosis or exposure of
joints (Fig. 6).

Contiguous digital flaps can be useq only
over the proximal phalanx and the adjacent
part of the middle phalanx. Cross-finger
flaps are more versatile and can be use.d
anywhere on the finger.* However, their
main field of usefulness is in the distal part
of the finger, either in avulsion of the finger
pulp or in traumatic amputation. In the
latter, the use of cross-finger flaps avoids }h‘e
necessity of further shortening of the digit
and does away with the painful scarred
stump,

CONTIGUOUS FLAPS

The contiguous flap is obtained from an
area immediately adjacent to the defect on
the same finger. Thus, the operative proce-
dure and immobilization are limited to the
injured finger. Postoperatively, the finger
usually is held in the functional position czf
semifiexion, However, it may be immobi-
lized in any other position if the repair re-
quires it. For instance, if the flap is used in
conjunction with the suture of a digital
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i ili i istally to the distal
it may be necessary to immobilize the base and extending distally )
r%;n:;, ::1 To%’xp\ctc ﬂcxio:\y. finger crease. From onc mid-lateral line to
'gl'hc largest available digital flap is one the other, such a flap measures approxi-
based on the dorsum of the finger along its mately 2 x 1% inches. This is adequate to
’ [' ST e T - 1

Fic. 4. (Top, left) Traumatic amputation of tip of little finger,
including the entire nail. Soft-tissue loss extends to distal finger crease.
(Top, right) Cross-finger flap from adjacent ring finger. Flap fits like
a cap over stump of finger (Bottomn, left) One week after division of
flap. With adequate skin graft on dorsum of donor finger, returning
stump of pedicle lies in apposition. (Bottom, right) Palmar view of
little finger with cross-finger flap outlined.
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resurface the entire proximal phalanx from
the metacarpophatangeal crease to the proxi-
mal interphalangeal crease. It is Jong enough
to reach the opposite mid-lateral line.

The skin over the proximal phalangeal

tion it causes some puckering, but it flattens
promptly and is not noticeable. Smaller con-
tiguous flaps may be based distally but not
beyond the distal finger crease. They may
be limited to the lateral surface of the finger

joint is included in the flap. In its new loca- without encroaching upon the dorsum; in

\.‘ e

i o

Fi6. 5. (Left) Avulsion of soft tissue of ring-finger tip in young girl whose
finger got caught in an automobile door. The nail is intact, but the bone is
exposed. (Right) Cross-finger flap from middle finger, with excellent cos-

metic result. Flap was sutured to nail.

FiG. 6. Arthritic pa-
P - tient, age 65, with dor-
sal injury of 3 fingers from saw that penetrated deep
mto bone and avulsed fragments of aponeurosis and
joint capsule. Strips of fascia Jata were used to bridge
the aponeurosis Contiguous flaps from laterovolar sur-
face covered the joints and the fascial grafts. Remarning
defect and donor sites resurfaced with free grafts Note
that scars on volar surface do not cross digital creases,
Free graft on index finger There was some himitation
of - '« infinger joipte Praccac-ce -1 . .
(Top, left) :
) Diagram [
ng flaps and graits,
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this casc the donor arca remains cntircly
inconspicuous (Fig. 7, top, center & right).
In special situations, lateral or even volar
digital skin may be shifted toward the dor~
sum. When such flaps arc improvised, very
careful planning is essential to avoid any
detrimental scarring on the volar surface.

PROCEDURES
CoNTIGUOUS FLAPS

Most of the reconstructive surgery of the
finger is performed in a bloodless field.

When a tourniquet can be placed at the base
of the finger, the operation can be performed
under cither block or general anesthesia, If
the defect or the flap extends to the base of
the finger, an arm tourniquet is used, and
general anesthesia is necessary, In traumatic
wounds, careful and thorough débridement
is essential,

After excisional surgery is completed, the
flap is outlined. It is very helpful to make a
pattern of the flap and to shift this pattern
back and forth in order to visualize the posi-

' K
e
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Fio 7. (Top, left) Dragram of mid-lateral line of fin i i
Top, ger. Scars crossing digit
creases anterior to this line will lead to contracture, The neurovaseular bun%le flluji
anterior to this hne. (Top, center) Small contiguous digital flap from lateral surface

of finger (Zop,

right) Large contiguous flap from dorsum.

(Bottom, left) Cross-

finger flap based laterally. Note position of digits when distal part of muddle finger js

xeciprent. (Bottom, center) Cross-digital flap to fingertip based distall
Eross-dlgilal flap to dorsal defect over proximal pha]afgeal joint. 5
€ returned to its original location when fingers are separated.

(Bottom, right)
Part of this flap can
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tion of the flap in its new location. This
permits placement of the scars in the most
desirable position. Frequently, small frag-
ments of skin are excised in order to bring
any vertical scars toward the mid-latera) Jine
and away from the volar surface. The pat-
tern is also helpful in ensuring that the flap
is of adequate length and width. It may be
diflictlt fo visualize the length of the flap
necessary to allow for rotation and for the
fitting of the flap into the defect without any
tension,

The flap is dissected carcfully from the
aponcurosis, a layer of arcolar tissue being
left over it. It is freed sufficiently around its
base to allow for smooth rotation into its new
position. There is always some puckering of
the skin (dog-car) on the side of the pedicle,
which serves as a pivet. By undermining the
surrounding skin edge, usually it is possible
to distribute the skin and avoid puckering.
Sometimes an excision of a small triangle of
skin away from the base of the flap may be
helpful.

The pattern of the flap is used to obtain
full-thickness skin grafts from the inguinal
region. Both the graft and the flap are su-
tured with 5-0 silk, While the graft is dis-
sected, the tourniquet is released and careful
hemostasis is obtained before the suturing
begins. The touriquet may be replaced and
left in place until the dressing is applicd.
The sutures around the graft are tied over a
small stent dressing. Then the finger is im-
tmobilized in a functional position with a
nacrcaw splint of plaster of Paris or of
malleable metal.

After 24 hours the patient usually is dis-
charged with his hand in a sting. The first
dressing is done after a week and splinting
is discontinued. All sutures are removed in

10 ta 12 days, and after 2 weeks the patient
is encouraged to exercise the finger.

Cross-FINGER FLAPS

The preliminary steps are the same as
those described for contiguous flaps. Proper
planning of the flap is the most mmportant

part of the procedure. The flap used most
frequently because of its versatlity for re-
surfacing volar defects is one based Jaterally
on the side adjacent to the recipient finger
and hinged 180° to face the volar surface.
The dorsum of the middle phalanx is the
usual donor site, but the fiaps may extend
throughout the whole length of the finger to
the distal finger crease. Such flaps bave a
broad base, and the blood supply is ensured.
Usually these Raps extend from one mid-
lateral line to the other.

The relative position of the recipient and
the donor fingers is planned carefully and is
tested with a pattern of the projecied flap.
The simplest position is one in which the
fingers run parallel to each other, However,
frequently it is necessary fo flex them i
various degrees. This applies particularly fo
situations in which the distal phalanx of the
middle finger js the recipient and has 10 be
brought 1o the Jevel of the middle phalont
of an adjacent finger (Fig. 7, bottom, let).

The flap should reach the defect wixh(_)ut
tension, about ¥ inch of its pedicle being
left unattached. This separates the fingers
enough so that a piece of gauze may be in-
serted between them, and it fcilitates the
final insertion of the cut edge after dissection
of the flap in the second stage.

The full-thickness skin graft is cut accord-
ing to the pattern and covers the donor ar¢3,
extending over the pedicle of the flap t0 be
joined to the edge of the defect. A stert i3
tied over the graft so that the outside dress-
ing may be changed or inspected without
interfering with the graft dressing. .

The fingers are held together with adhe-
sive strips and @ narrow bnnde}ge, and ﬂff
splinted with a narrow velar splint. The U;l‘
involved fingers are not included in the

dri:;::rg.zd, hours the patient is discharged
with his hand in a sting and is fnstructed to
keep his hand elevated. Aftg_? days 2
Lighter dressing is applied. This is chzmgfl ’
a few times to avoid macerations. All s

tures are temoved in 12 days.
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Digital in le Chirurgia Reconstructori e Traumatic

Summario in Interlingua

'—tanto contigue (i.c. pren-
1 adjacente al defecto in le
z) como ctiam transdigital
*+un del digitos vicin) es de
le chirurgia reconstructori ¢
“itos. Le objectivo principal
2 ¢s provider pannos de pelle
»< domsal ¢ lateral pro reparar
reimplaciar cicatrices al super-
1 digito. Le methodo es suffi-
.« 7 pro esser usate in un
Incrationes tegumental del

amputation traumatic, pannos

" iacsenta un simple methodo
trunco sin le necessitate de

* _or additionalmente. Le me-
= evitar le disveloppamento de
cicatrisate, ¢ msensibile puncta

In multe casos pannos digital rende pos-
sibile un definitive reparo primari. Iilos pote
esser combinate con manovras reparatori in
structuras profunde que es usualmente effec-
tuate in vulneres de incision.

Pannos digital cs melior in apparentia e
resulta in un plus efficace regeneration sen-
sori que non importa qual panno de origine
distante. Pannos de origine abdominal o
brachial es troppo massive ¢ troppo molle
pro le requirimentos del digitos. In plus,
for transferimento es plus complicate e re-
quire le pauco confortabile immobilisation
del integre extremitate superior, un plus
longe hospitalisation, e revisiones secundari.

Pannos digital non resulta necessarimente
in notabile defectos functional o cosmetic
del digito donator.
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concerned, any conceivable amount of tis-
sue needed for finger reconstruction is easily
available there, as well as any desired
amount of subcutancous tissue. In fact, it is
difficult to dissect flaps thin enough without
jeopardizing their circulation. Thus, they
are usually too bulky and require secondary
defatting operations. The skin over the trunk
is mostly thick and soft, with relatively slug-
gish sensory perception, The sensory re-
generation in these flaps, particularly when
transferred to the fingertips, is notably poor.
As a source of flaps, preference has been for
the lower abdomen, around the inguinal
region. The skin in this area is finer and
thinner than anywhete else on the trunk and
is comparable with brachial or submammary
arcas. However, flaps on the fingers are
flabby and soft, and require secondary cor~
rection to climinate the excessive thickness.

The immobilization of the arm in relation
to the abdomen for such flaps is Jess cumber-
some and inconvenient to the patient than
for any other abdominal or brachial flaps.
It permits the patient to be ambulatory after
a few days and to get dressed partially, so
that he need not be hospitalized during the
entire period of immobilzation. The re-
quired 3-week period of immobilization is of
little consequence to the younger patient.
However, older paticnts may have serious
complaints of stitiness and pain in the shoul-
der joint and other joints of the extremittes,
with occasional permanent disability.

In a search for skin closely resembling the
skin of the fingertips, palmar flaps have been
recommended. These flaps are applicable
only to the distal phalanges of the fingers
Thus, their use is limited by the size and the
location of the defect, and their scope can-
not be compared with that of digital flaps.

Palmar flaps call for a skin graft on the
donor area, which is the most exposed sur
face of the palm.

Skin grafts on the palm are quite conspicti-
ous, much more so than grafts on the dor-

.sum of the fingers. The patient often claims

disability from the scarring on the palm.
Palmar flaps in compensable injuries should
be used cautiously.

SUMMARY

The digital flap has become accepted as
an efficient, simplified approach to the man-
agement of injuries of the finger. Its main
value lies in its versatility of application to a
large varicty of finger injuries, in improved
results in both appearance and sensory re-
covery, and in the simplification of post-
operative management,
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Plastic Repair of Skin Defects of the Hand

HANS May, M.D.*

The mechanized age in which we live ac-
counts for a great number of injuries of the
hand. It is estimated that in industry more
than one third of all accidents involve the
hands. Loss of parts of the hand or of the
whole hand, either actual or functional,
means in the majority of cases a decrease in
the earning capacity of the individual. Hence,
the surgeon who undertakes the treatment of
a patient with an injured hand has a great
responsibility. The initial treatment may de-
cide the functional fate of the hand; there-
fore, in closed or open hand injuries the
surgeon must be farmiliar with the general
surgical principles of treatment, and in sur-
face or compound defects he must know
the underlying principles of plastic surgery.

WOUNDS

The therapeutic principles applied to
wounds of the hand are the same as for
other wounds: converting the contaminated
wound into a clean wound; primary closure
of the wound if it is treated within the first
12 hours; open surgical drainage if the
wound is treated later; followed by second-
ary closure on the fourth day. Needless to
say, proper evaluation of the extent of the
mjury should precede the repair work.

The contaminated wound 1s changed into
a clean wound by cleansing the surrounding
area thoroughly with soap, water and alco-
hol, and by excision of the ragged wound
edges and devitalized tissue. Divided tendons

* Philadelphia, Pa
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and nerves are sutured primarily unless the
wound is badly soiled or contused. However,
tendons divided within the flexor sheath of
the fingers should only rarely be repaired
primarily. The wound is closed with a few
interrupted sutures. If large parts of skin
have had to be sacrificed or are missing, the
defect is covered primarily by skin-sliding or
skin transplants, as described Jater. If the
wound is infected, it is only débrided, not
excised; and open surgical drainage is ap-
plied. Hyaluronidase, which tends to prevent
swelling, is injected subcutaneously, except in
infected cases: 150 units for each finger, 300
units for the base of the thumb, and as high as
800 units for the palm. In any case, 2 moder-
ate pressure dressing is applied, and the ex-
tremity is sphinted with the wrist in cocked-up
position, the fingers in semiflexion, and th_e
thumb in semiflexion, abduction and opposi-
tion. A useful splint for this purpose is the
simple universal hand sphnt developed by
Mason and Allen. Flat splinting of the hand
or any of the digits must be avoided at alt
times. The arm is elevated either on 2 pillow
or in a sling. Tetanus antitoxin and antibiotics
are administered.

If @ wound has resulted in a defect of the
covering tissue, it should be coverec‘i with a
skin graft or a pedunculated flap immedi-
ately following excision of dead tissqe, un-
less the wound is grossly infected. This pro-
cedure not only shortens the healing P‘C.ﬂ‘od
but also counteracts functional disabilities
and deformities. If the defect is left to granu-
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F16. 3. The pedicle of the flap was narrowed on the eighth postoperative

day and

severed on the cleventh day, followed by adjustment and approximation of the fr.cc edge
of the flap and defect cdge on the fourteenth day. (May, H.: Reconstructive and
Reparative Surgery, ed. 2, Philadelphia, Davis)

dressing is applied over the immobilized fin-
ger, leaving the other fingers free. The
wound is inspected 2 days later; the im-
mobilizing adhesive strips may need rcin-
forcement. Ten days after operation the ad-
hesive strips are removed, and the base of
the flap is incised from each side under local
anesthesta, thus narrowing the pedicle. This
step is followed by reapplication of the ad-
hesive strips. On the twelfth postoperative
day, the pedicle is severed completely, and
the flap is adjusted to the finger on the four-
teenth day. This is done by means of a
wedge-shaped excision of the raw surface of
flap and finger and suturing the wound
edges. The raw area at the palm is left to
granulate and heals quickly. In none of the
author's cases did this area require skin-
grafting or skin-sliding.

If the defect involves the volar surface of
the terminal phalanx, the flap is constructed
s that it opens up laterad or mediad. Such
2 flap may also be used for small volar de-
fects of the middle phalanx.

LARGE DEFECTS OF DORSAL OR
VOLAR SURFACE OF FINGERS

The indications for a graft or a flap are as
mentioned in the foregoing; that is, a thick
split graft is used if no tendons (naked ten-
dons without tendon sheath) and no bones

arc exposed. If those structures are exposed,
a free graft will not take. Hence, the defect
must be covered with a flap.

If the defect is small, transfer of a flap
from the immediate neighborhood may be
possible. Lewin recommends elevation of a
single-pedicle flap (pedicled proximally)
from the dorsolateral finger surface; a layer
of soft tissue should be Ieft behind to cover
the neurovascular bundle and the dorsal
aponeurosis. The flap is rotated into the de-
fect, and the resulting secondary defect is
covered with a full-thickness graft.

Cronin'* developed the cross-finger method.
For example, a defect of the volar side
of the index finger is covered with a flap,
which is raised from the dorsoradial side of
the third finger and pedicled volarward with-
out injuring the digital vessels and nerves. It
is hinged volarward and sutured into the de-
fect of the index finger. The donor area at
the third finger is skin-grafted. Usually the
flap can be transplanted without delayed
stages. A light plaster splint is used for im-
mobilization The flap is severed gradually
from its pedicle after 12 to 17 days.

For dorsal defects, if local ﬂaps cannot be
used, the pocket flap from the abdomen is
recommended (Fig. 5). For volar defects, a
single-pedicle flap can be constructed from
the same or the opposite side of the abdo-



88  Plastic Repair of Skin Defects of the Hand

Figs. 1 to 3, Case 1. Fic. 1. Trau-
matic defect of tip of fourth finger. Expo-
sure of bone. Conservative treatment for
4 weeks elsewhere was unsuccessful.
(May, H.: Reconstructive and Reparative
Surgery, ed. 2, Philadelphia, Davis)

mechanic’s waste is applied, and the sutures
are knotted over the pad.

In the event that bone is exposed,
the finger is bent so that the defect touches
the palm, leaving a bloodstained pattern on

N -
Fic 2 (Lefr) A flap with a proxim:

. -
al pedicle was raised from the palm and sutured

it. A flap of svitable width and length now is
outlined with an aniline dye. The flap is con-
structed so that the pedicle comes to lie
proximally. The important creases of the
hand should not be crossed, Next, the denor
area is anesthetized, and the flap containing
a sufficient amount of subcutaneous fat tis-
sug is raised. After hemostasis, the injured
finger is bent, and the peripheral end of the
flap is sutured to the dorsal wound edge of
the finger; that is, to the nail bed and also to
the lateral edges (Fig. 2, left). If along flap
is required, the circulation may be insuffi
cient; hence, transfer of the flap should be
delayed 1 week by returning the flap to its
original site. (In the vast majority of cases,
delaying is not necessary since the blood
supply is abundant; however, a sufficient
amount of subcutaneous fat must be left on
the flap.) After the flap is sutured to the fin-
ger, the finger is immobilized with adhesive
strips, which are passed through an alcohol
flame (Fig. 2, right). The underlying wound
is covered with petrolatum gauze; a gauze

to the defect, (Right) Immobilization of finger with adhesive strips: one or two run-

ning over dorsum of hand and finger to palm; one or two, transve:
just proumal to flap. (May, H.: Reconstructive and Reparative Surgery, e

delphia, Davis)

rsely over finger and
d. 2, Phila-
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men (Fig 4). The flap should be cut as
thinly as possible, without, however, endan-
gering its blood supply. The donor site can
be closed pnmanly by undercutting the
wound edges and by skin-shifung. To coun-
teract shrinkage, the flap should be made
one third Jarger than required.

Another donor area to be recommended
is the forearm or the upper arm of the op-
posite side The injured hand is laid on the

Fi6. 4, Case 2. (Top) Traumatic de-
fect of dorsum of terminal phalanx of left
thumb. Note loss of dorsal half of bone
of terminal phalanx and exposure of ter-
minal lqterphalangeal joint. (Center) Af-
ter excision of the wound, immediate
transfer of a single-pedicle flap from left
upper abdominal wall. The donor area
was closed by skin-sliding. Immobiliza-
tion in a plaster cast. (Bottom) Clamping
of the pedicle was begun on the ninth post-
operative day, The flap was severed on
the twelfth day, Eleven days later, the free
end of the flap was undercut and sutured
to the defect edge. (May, H.: Reconstruc-
tive and Reparative Surgery, ed, 2, Phila-
delphia, Davis)

opposite arm, and both are immobilized.
Closing the donor site and the need to coun-
teract shrinkage are the same as just dc-
scribed for the single-pedicle abdominal flap.
Reid,!* McCash? and others have demon-
strated the versatility of this technic. Jf the
forearm must be held strongly supinated, a
heavy Kirschner wire is drilled into radius
and vina and Jeft in place until the flap is
severed from its pedicle (Howard, quoted by
Bunnell). Immobilization and after-treat-
ment are demonstrated by the case reports
of Figures 4 and 5.

LARGE DEFECTS OF DORSAL OR
VOLAR SURFACE OF HAND

The causes of large surface defects of the
hand are manifold. Crushing injuries, avul-
sion of the skin and severe burns are the
common causes. Again, it is emphasized that
these defects should be covered as early as
possible. For instance, if the injury has re-
sulted in loss of the covering tissue from
avulsion of the skin, without exposure of im-
portant subfascial structures, the contami-
nated wound is converted into a clean
wound, and the raw surface is covered with
a thick split graft. It is advisable to remove
the graft in one piece to avoid unnecessary
scarring.

In all cases where tendons and other jm-
portant structures are exposed or will need
replacement in the future, transfer of a pe-
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Tig. §, Case 3. (Top) Patient, aged
26, sustained a severe crush and burn in-
jury of the feft hand and forecarm when
the arm was caught in a hot press. There
was a fracture in the Jower third of the
ulna and a hematoma and contusion of
the median nerve. Emergency treatment
consisted of decompression of the median
nerve. Fifteen days after the injury the
burn eschar was excised,

(Center) Six days later, application of a
skin graft to one of the superficial surface
defects of the dorsum of the wrist, An
abdominal flap was elevated for closure
of the main surface defeet, but the flap
had to be returned, since the peripheral
end developed a bluish color. One week
later, 3 narrow pocket flaps were formed
at the abdomen for coverage of the sur-
face defects over the hnuckles of the inter-
phalangeal joints of the third, the fourth
and the fifth fingers. The abdominal flap
was elevated again, The flap bed was skin-
grafted, and the flap was transplanted to
the wrist. Seven days later, the base of
the main flap was incised on each side, and
2 laboratory clamp was placed to the mid-
dle part. The bases of the finger flaps be-
tween 2 fingers were severed, and a small
laboratory clamp was applied to the lat-
eraf pedicles. All clamps were tightened
gradually. Six days Jater all pedicles were
severed. Twenty days later flaps and pedi-
cles were adjusted in place. At the third
and the fifth fingers the adjustment con-
sisted of excision of a wedge-shaped piece
of tissue at each side of the flap and
suturing the edges of the flap to the wound
edges of the fingers. At the fourth finger,
hOWeVE{, no adjustment of flap edges was
made, since they were 100 short.

(Bottom) One year later all flaps were
defatted in a 2'stage operation, The
median nerve in the meantime had re-
gained full functjon.

(May, H.: Reconstructive and Repara-
tive Surgery, ed. 2, Philadelphia, Davis)

dunculated fiap is the only choice, The flap
USU’fﬂly is raised from the same or the op-
POSlie‘ side of the abdomen or lower chest,
Occasionally from the median part of the
thigh. 'The ‘tube flap, being a more compli-
cated method, is not needed for the majority
of surface defects of the hand. The larger

pocket flap may also be of limited use, In
addition to having unquestionable advan-
tages, it has many drawbacks. The tremen-
dous raw surface of the donor site, which
after the flap is raised and sutured to the
hand comes to lie beneath the latter, causes
a great deal of drainage and is a constant
threat of infection. Primary closure of the
donor wound by skin-shifting or skin-graft-
ing has been unsuccessful in the author’s
hands.

The author prefers the open single-pedicle
flap in the majority of cases. The ab-
dominal flap is used for dorsal as well as for
volar defects. If the forearm must be held
strongly supinated, a heavy Kirschner wire
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FiGs. 6 to 8, Case 4. Fia. 6. Boy, 114
years of age, lost radsal half of right hand
as the result of an explosion (top). A
rather large abdominal flap was trans.
planted in one stage to provide coverage
of the raw surface and an extension to
receive Jater on a bone graft to lengthen
the first metacarpal stump. Eight days
later the flap was partially separated, and
a laboratory clamp was applied to the re-
maining pedicle to crush the pedicle grad-
ually. Five days later the flap was severed
Four days later the flap was adjusted in
place (bottom). (May, H.: Reconstruc-
tive and Reparative Surgery, ed. 2, Phila-
delphia, Davis)

is drilled into rads and ulna and left in
place until the flap is severed from its pedi-
cle (Howard, quoted by Bunnell). For de-
fects at the ulnar side of the hand, the flap
should be pedicled in the lower portion; for
defects at the radial side and the volar sur-
face, in the upper portion. This position of

’ s ‘La‘ h}; he soft-tissue
FiG. 7. (Left) Roentgenogram of the metacarpal stumps over which the solt-t
flap is famt(ly gu)tlined %Cengter) Five months af?;r the flap transfer, a metatzg‘sal bqr:;
(the fifth) was placed upon the stump of the first metacarpal bone and transfixed vnd
intramedullary wires (Right) Three months Jater the horizontal cross pin was removed,
and after another 3 months the vertical pn  (May, H.. Reconstructive and Reparative
Surgery, ed. 2, Philadelphia, Davis)
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the pedicle has some bearing on the circula-
tion of the flaps. The venous return is better
in a flap with an inferior—that is, depend-
ent—pedicle and vice versa. Henee, the cir-
culation is more adequate in a flap with a
Jower rather than with an upper pedicle.
This raiscs the question of immediate or de-
layed transfer of the flap. If the pedicle of
the flap can be made broad—and this can
be done often—the flap can be transferred
immediately, If the pedicle must be narrow,
transfer must be delayed. If delaying be-
comes necessary in a traumatic defect, the
wound of the hand is covered with sterile
dressings; a moderate pressurc dressing and
a splint arc applied. If there is no cvidence
of infection, the dressing is left in place for
5 days. Then it is changed, and the arm is
placed in a warm hand bath and active fin-
ger excreises are instituted while the hand
is in the water. This process should be re-
peated every day and the splint reap-
plied each time. Whenever the flap is ready
for transfer, it is raised, and, if the circula-
tion remains adequate, it is transferred.

Howcver, prior to the transfer of the flap,
the abdominal donor wound is skin-grafted.
If the flap is still too bulky, more fat is ex-
cised from its raw surface. The flap now is
sutured to the defect of the hand after the
granulations of the wound have been sliced
down to their yellow vascular base. The su-
turing should be done as accurately as pos-
sible, particularly if the webs between the
fingers nced covering. Immobilization and
after-treatment arc demonstrated by the case
reports of Figures 6 to 11.
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Fies. 9 to 11, Case 5. FI1G. 9. (Lefr) Patient, aged 62, was shot accidentally in the
dorsum of the right hand. The tjury resulted in extensive loss of surface tissue and a
badly comminuted and compound fracture of the third metacarpal bone. (Center)
Distal two thirds of the third metacarpal bone was removed, The third finger was sus-
pended upon the first phalanges of the sccond and the third fingers by cross-pinning.
‘The pin was laid just beneath the webs of the finger and buried subcutaneously. A flap
was transplanted from the abdomen in one stage. It was clamped 10 days later and
severed 2 days later, and adjusted in place 5 days later (Fig. 10). (Right) Three
months later the third metacarpal bone was replaced with the fifth metatarsal bone and
was stabilized with a longitudinal intramedullary wire and a cross pin through the sides
of the metacarpals. This cross pin was removed 5 months later, while the vertical wire
is still in place 11 years after the accident. (May, H.: Reconstructive and Reparative
Surgery, ed. 2, Philadelphia, Davis)
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Reparo Plastic de Defectos Cutanee del Mano

Summario in Interlingua

Es discutite le principios general de per-
ditas superficial in lc mano ab varic causas
traumatic. Le vulneres es claudite primari-
mente in casos presentate al tractamento
intra Ie prime dece-duo horas. In casos
presentate plus tarde, aperte drainage chirur-
gic es usate, sequite per secundari clausion
chirurgic post quatro dies. Tendines e nervos
dividite es suturate primarimente excepte si
le vulnere es multo immunde o contundite.
Tamen, tendines dividite intra le vainas de
fiexores del digitos pote esser reparate pri-
marimente in rar casos solmente. Ardituras
del mano debe esser tractate per bandage de
compression € non per le methodo a expo-
sition. In ardituras del tertic grado le partes
distachate del eschara ex excidite omne die a
partir del remotion del prime bandage, i.e. a
partic del decime die approximativemente.
Si le eschara non es eliminate ¢

al fin del tertic septimana, illo es excidite
sub un forma leve de anesthesia, sequite per
Ie application de un bandage salin ¢ graffos
de pelle un o duo dies plus tarde,

Si le vulnere ha resultate in un defecto
del histos coperiente, illo debe esser copeite
de un graffo de pelle o de un panno pedun-
culate immediatemente post le excision del
vulnere, excepte in casos in que le vulnere
es inficite grossiermente, Iste mesura reduce
le periodo de resanation e contra-age in-
validitate ¢ deformitates functional. Si on
permitte le granulation del defecto, le for-
mation de histo cicatricial es inevitabile, e
isto pote esser le causa de damnos non plus
reparabile. Es delineate le indicationes pro
le uso del differente typos de transplantation
cutanee e le technica a usar in effectuar le
varie typos de transplantation de panno

Fre. 11

- Functional result. (May, H.: Reconstructive and Rep:
ed. 2, Philadelphia, Davis)

ped late

arative Surgery,
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Fics. 9 to 11, Case 5. FiG. 9. (Left) Patient, aged 62, was shot accidentally in the
dorsum of the right hand. The injury resulted in extensive loss of surface tissue and a
badly comminuted and compound fracture of the third metacarpal bone. (Center)
Distal two thirds of the third metacarpal bone was removed. The third finger was sus-
pended upon the first phalanges of the second and the third fingers by cross-pinning.
The pin was laid just beneath the webs of the finger and buried subcutaneously. A flap
was transpl d from the abd in one stage. It was clamped 10 days later and
severed 2 days later, and adjusted in place 5 days later (Fig. 10). (Right) Three
months later the third metacarpal bone was replaced with the fifth metatarsal bone and

was stabilized with a longitudinal intr dullary wire and a cross pin through the sides
of the metacarpals. This cross pin was removed 5 months later, while the vertical wire
1s still in place 11 years after the accid (May, H.: R uctive and Reparative

Surgery, ed. 2, Philadelphia, Davis)
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Congenital Anomalies of the Thumb

ARTHUR JOSEPH Barsky, M.D.#

The thumb, so frequently involved in con-
genital anomalies of the hand, is the most
important digit. Its function has been esti-
mated as 30 to 40 per cent of the total
function of the hand. This chapter deals with
anomalies of the thumb.,

Comprehensive and valid statistics on the
incidence of congenital anomalies of the
hand are not available. The best study is
Birch-Jensen’s monograph® reporting 625
cases, or 1 anomaly per 6,438 persons.
However, the most frequent anomalies of all
—polydactylia and syndactylia (simple)—
are not included in the study; therefore, it is
difficult to apply these figures and to inter-
pret them properly. Furthermore, Denmark
has a homogeneous population with few
foreign-born. The factor of heredity would
be more influential than in the heteroge-
neous population of the United States.

A knowledge of general principles of plas-
tic surgery, including free skin grafts and
flaps, 1s necessary to do this type of surgery.
It is presumed that the reader possesses this
background. Finger incisions should be mid-
lateral but may follow creases., Wherever
possible, scars in the areas of tactile, fric-
tion or pressure zones should be avoided.
Digital nerves m infants’ hands are ex-
tremely small structures, and often dissec-
tions will have to be carried out under a
magnifying glass. It is essential that tissue
be handled gently to avord trauma. A pneu-
matic tourniquet 1s indispensable, Operative
procedures that affect the growth potential
should be avoided

* New York, N Y.
7%

POLYDACTYLIA

Polydactylia is one of the most frequent
anomalies of the hand. Polydactylia on the
thumb side occurs approximately twice as
often as polydactylia on the ulnar side of
the hand. Males appear to be affected more
commonly than females. Often the anomaly
is found together with syndactylia, brachy-
dactylia and other congenital malformations

The weight of evidence would indicate 2
hereditary influence in polydactyha, pre-
sumably dominant, However, it does not ap-
pear in every generation, and this has been
explained on the basis of “lack of pene-
trance” and genes of different strengths
There may be a recessive type of polydac-

Fies 1 to 3. Varieties of polydactyla
of the thumb. Fic. 1. Duphcation of the
distal phalanx. This can be corrected sur-
mcally by a wedge excision, ablatmg the
adjoining surfaces of the phalanges and
umting the lateral poﬂion‘of the pha-
langes, the nail and the soft tissues.
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be necessary later on the proximal phalanx,
or even arthrodesis, to achieve proper axis.

The surgical treatment of the varieties of
thumb polydactylia illustrated in Figures 2
and 3, lefr, present no special problem.

When symphalangism is present, as illus-
trated in Figure 3, right, the obvious treat-
ment is the excision of the fused phalanx, re-
taining the movable phalanx. Damage to the
digital nerve must be avoided, and attention
should be directed to realigning the retained
phalanx in the proper axis.

SYNDACTYLIA

Although uncomplicated syndactylia is,
together with polydactylia, one of the two
commonest deformities of the fingers, in-
volvement of the thumb is comparatively
rare, However, syndactylia is associated fre-
quently with polydactylia and ectrodactylia.

In combinations of these the thumb may be
an added deformation.

In our cases, thumb involvement has been
mainly in the mitten, or paw, type of syndac-
tylia, the thumb and all other digits present
being webbed. The author himself has never
seen a case in which only the thumb and
the adjacent index finger were webbed ex-
cept in the radial group of a cleft hand
(Fig. 4).

Syndactylia may be due to an arrest of
fetal development at a critical period about
the seventh or the eighth week. An inter-
ruption of normal development results in
persistence of the web uniting the fingers.

Hereditary influence in syndactylia ap-
pears to be important. Gates® postulated
several genetic types, Some may be sex

i it ists of
Fi6 3. (Left) In this variety of polydactylia the accessory digit consis
2 rudimentary phalanges and a metacarpal attached on the radial side of the

normal metacarpal.

The surgical removal presents no difficulty. (Right) A case

of polydactylia with symphalangism. The accessory distal phalanx is fused with the
proximal phalanx and extends off the radial side.
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Fic. 4. Syndactylia of the thumb and
the index finger in a case of cleft hand, a
form of ectrodactylia. There is a funnel-
shaped defect of the central portion of the
hand, with complete absence of the third
ray. Syndactylia of the radial and the ulnar
groups of digits is found frequently in this
type of cleft hand The webbed thumb and
index finger should be separated and the
digital nerve carefully preserved The de-
nuded adjacent surfaces of the thumb and
the index finger should be skin-grafted.
I one wishes to correct and close the cleft
of the hand, the skin excised from the
cleft may be used as a free graft to cover

the denuded surfaces of the separated
fingers.

linked. Males are affected more frequently
than females.
A case of polysyndactylia is shown in Fig-

ure 5. Two triphalangeal thumbs are pres-
ent.

TREATMENT

The treatment of syndactylia is the sepa-
ration of the digits and restoration of the
depth of the web. Incisions on the fingers
should be zigzag, and the dissection should
be carried deep enough to mobilize and re-
lease the thumb in order to bring it into the
position of opposition, A free skin graft (or
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Fic. 5. A case of polysyndactylia. Two
triphalangeal thumbs are present, with the
suggestion of a third on the ulnar side of
the thumb group. The remaining digits
are webbed, and there is duplication of
the phalanges of the little finger. In the
surgical repair, extreme caution is neces-
sary to preserve the nerve supply and at-
tachment of tendons.

a flap) of generous size and proportion is
necessary.

THE “FIVE-FINGERED HAND”

For lack of a more precise expression,
this term is used to describe the type of hand
that has five triphalangeal digits. The radial
digit and its metacarpal lie in the same plane
as the other fingers, the thenar muscles are
absent, and the radial digit cannot assume
the position of opposition (Fig. 6). Al-
though the condition is rare, it can be im-
proved by surgery. A one-stage operation is
performed; in this the radial digit is migrated
to the thenar region on a neurovascular
pedicle, and the metacarpal is shortened and
rotated (Fig. 7). This same thumb-substitu-
tion operation can be used in cases in which



FIG 6 The “five-fingered hand” (Top, left) Palmar view of the_]eft ham’i.
(Top, right) Roentgenogram shows thumb replaced by a triphalangeal digit, and this
entire ray cannot oppose. (Bottom, left) Postoperative result, opposing thumb and little
finger. (Bot'om, right) Postoperative roentgenogram. The Kirschner wires are still
n sun (Fi+ 7 shows the operative technic.)
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Fig. 7. Transplantation of the radial |
digit on a neurovascular pedicle fo serve
as a thumb (following the mecthod of
Runncll and Littler). The method de-
scribed here is a one-stage procedure.

(A) The incision (dorsal view). A cir-
cumferential incision is made around the
base of the radial digit, This is continued
proximally en the dorsum along the
metaearpal almost to its base and then
curves around the radial border of the
hand onto the palmar sutface, (B) Palmar
view, The flap has been dissected and re-
flected, exposing the nerves and vascutar
supply 10 the radial digit and to the radiat
side of the adjoining finger. The common
digital nerve is split proximally, while the
branch of the digital arlery to the radial
side of the adjoining finger is cut and
ligated, This provides arteries on both
sides of the finger to be migrated. (C) The
flexor and the extensor tendons are re-
tracted, The dotted lines indicate the dis
rection of the bone incision; the stippled
area shows the portion to be excised. The
angulation must be planned carefully,
{D) Dorsal view. Most of the metacarpal
§s ablated. (E) The digit is rotated on
its nenrovascular pedicle into the position
of apposition, and the tacarpal is
pinned with Kirschner wires, The teadons
are not shortened, but the muscle bellies
accommodate themselves. (F} The clo-
sure. If difficulty is encountered in the
closure, a free skin graft may be utitized to
supplement the flap.

(Barsky, A. §.: Congenital Anomaties
of the Hand and Their Surgical Treatment,
Springfield, 1L, Thomas)

the thumb is absent and the index finger is
Ppresent,

ECTRODACTYLIA

Ecwodaciylia may be defined as the con-
genttal absence of one or more digits. When
part of z finger is missing, such as a pha-
fanx or 3 metacarpal, the term partial ectro-
dactylia is applied,

Ectrodactylia may involve the thamb
ai9ne and may take a vanety of forms, The
mildest type would be the absence of part or
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all of the digital phalanx (Fig. 8). When this
particular form occurs, it requires no treat-
ment, However, the cleft between the thumb
and the index finger may be deepened by a
Z-plasty, and this may improve the appear-
ance of the hand.

When both phalanges of the thumb are
absent and only the metacarpal is present,
the function of the hand can be improved by
deepening the web and thus increasing the
abduction. In an otherwise normal hand,
building up a post on the thumb to lengthen
it should not be done as a routine procedure,
for it must be remembered that a post—a
skin tube with a bone graft—will never have
the normal finger sensation that is so neces-
sary for proper function,

From time to time one will encounter a
case in which the entire thumb ray appears
to be missing, yet some sort of stump can

be palpated. Such a case is illustrated in Fig-
ure 9. On examining a very young infant
with this condition, one should be most cau-
tious in interpreting the roentgenogram,
which may not show the presence of a meta-
carpal, although careful clinical examination
will indicate its presence. Actually, the meta-
carpal is in a cartilaginous state, hence is
not well visualized roentgenographically. As
the child grows older, the presence of the
parts can be demonstrated, as shown in Fig-
ure 9, bottom, right. In the case illustrated,
a useful thumb stump was salvaged, and a
hand was obtained that is capable of sur-
prisingly good function.

Absence of the entire thumb ray is not
uncommon, and the function of such a hand
can be improved markedly by migrating the
radial digit on a neurovascular pedicle, as
shown in Figure 7, and performing a rotary

I

Fic 8 A case of partial ectrodactyla of the thumb. The 2 adjacent fingers al:e
also affected. (Left) Palmar view. (Right) Only the proximal phalanx is present in the
thumb and the index finger. In the middle finger, a rudimentary middle phalanx :
present The thumb 1n this type of case, since 1t is movable and possesses good sensation,
requires no treatment and should not be lengthened, for this would affect its sensatton.
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ostcotomy on the metacarpal, shortening the
metacarpal as well and placing the digit in
the position of opposition, The author be-

transplantation.

Fi6. 9. A case of partial ectrosyndactylia of the thumb. (Top,
: . ) Palmar vi
A case of this type requires most careful study and - (Top e.l.') r view,
Although not app (zm the am, ) surgical planning. (Top, right)

a g cartilaginous structures were pre: i
E[l_lg metacarpal region of the thumb and the index and the middle fingers, (I;?mlt]nns:m;z:f:;1
e fingers were separated, and a movable th .

a umb stump was obtained. Tend

:‘::v e“::lsli: we:e requxr:d oaly to provide flexion for the index finger. All tl:): ‘irg;:tf.:
metaca: joi i

after that o ﬂgx;lp:p alangeal joint. (Bottom, right) Roentgenogram taken 9 years

v

lieves that this procedure is preferable to toe

An unusual type of cctrosyndactylia is
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shown in Figure 10. Here there is syndac-
tylia of the thumb and the index finger. The
thumb consists of two phalanges and a meta-
carpal, and the middle and the ring fingers
show partial ectrodactylia. This might be
considered a type of cleft hand. Figure 10,
right, shows the result obtained by separat-
ing the thumb and the index finger.
Another variety of ecctrosyndactylia in-
volving the thumb is shown in Figure 11.
This case illustrated an important clinical
point. The preoperative roentgenogram
(Fig. 11, top, right) is confusing and diffi-
cult to interpret, since there is overlapping
and clumping of the distal phalanges. The
first step in the treatment of such a case is to
separate the thumb from the adjacent digit,
utilizing a generous free skin graft. Subse-
quent roentgenograms then can demon-
strate the relations of the bony structures
without confusion (Fig. 11, bottom, left).
Still another type of ectrodactylia of the
thumb, the pouce flottant (floating thumb),
is encountered (Fig. 12, top, left). This

e ke -

Fio 10 An unusual case of ectrosyndactylia. (Left) Dorsal view of the right har:;‘i.
The thumb and the index finger are jomed The middle and the ring fingers are ru Il-
mentary, they have no metacarpals or muscular attachments, The fifth d‘ngxt is thehon{
one that functions normally. (Right) Postoperative view after separating the thum
and the ndex finger.

term is descriptive, for the thumb literally
floats, the metacarpal being totally or almost
entirely absent, without 2 metacarpal joint,
and in addition the thumb is attached on the
radial side of the hand far more distally
than the normal pasition of the thumb (Fig
12, top, right). In these cases the author has
been repositioning the thumb on a neuro-
vascular pedicle and migrating it to the the-
nar eminence. At a subsequent stage, a free
transplantation of a metatarsophalangeal
joint is done and, later, tendon transfers to
the thumb in order to provide flexion and
extension, Thus far the results in this pro-
cedure have been encouraging. However, it
is too early to state conclusively that con-
tinued growth and development will take
place (Fig. 12, bottom, left and right).

HYPODACTYLIA

Figure 13 shows a condition called hypo-
dactylia of the thumb. Several varieties are
found in which muscular action may or may
not be present, but in either event the thumb




Fie. 11. A case of cctrosyndactylia, (Top, left) Dorsal view of the right hand,
showing pawlike appearance. Only 3 fingernails are present. (Top, right) Preoperative
roentgenogram. In cases of this kind, visualization or orientation of the distal phalanges
is difficult t of their overlapping. Only 3 metacarpals are present: thumb and
index and little fingers. The little finger has 2 phalanges; the middle and the ring fingers
each have 2 unsupported phalanges, 1t is dificult to evaluate the condition of the distal
phalanges; therefore, the utmost care is required at operation, and the first step would
be the separation of the thumb and the index finger, (Bottom, left) Roentgenogram
after separation of the thumb and the index finger. It is now evident that the thumb
has proximal and distal phalanges, the index
finger a proximal phalanx; but the distal
phalanx is fused with the adjacent distal
phalanx of the adjacent rudimentary middle
finger., (Bottom, right) After a second-stage
operation, the child now has 3 usable digits:
thumb and index and little fingers.
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Fi6 12. The floating thumb, a form of partial ectrodactylia. (Top, left) Roentgeno-
gram. The thumb hterally floats, since 1t has no metacarpal to support it. (79p, right)
Its location 1s too far distalward, being attached at the level of the metacarpophnlangeal
jomnt rather than at the thenar eminence. The thumb has no voluntary movement but
does have good sensation. At the first operation the thumb was transplanted to the thenar
eminence on a neurovascular pedicle, thus preserving both vascular and nerve supply.
(Bottom, left) Roentgenogram taken after the second operation, in whic.h a free trans-
plant of a metatarsophalangeal joint was carried out. Growth has contx.nued thus 'far
(3 years). (Bottom, right) The child pinching after tendon transplantation for flexion
and extension.
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is malpositioned and cannot opposc. In this

case of hypodactylia there is a rudimentary

thumb that contains two phalanges and a

metacarpal. The thumb s totally deficicnt

in muscular atachments and cannot be

placed passively in opposition.
TREATMENT

In this particular type of case, if normal
sensation is present and the joints are not
flail but can be flexed and extended pas-
sively, one is justified in placing the thumb
ray in a position of opposition, utilizing a
fiap to restore the cleft if nccessary and later
performing tendon transfers for flexion and
extension. On the other hand, a thumb of
this type devoid of sensation should not be
reconstructed.

ABSENCE OF THE THUMB EXTENSOR

Congenital absence of the long extensor of
the thumb is a rare anomaly. Function can
be improved by tendon transfer with a free
tendon graft, Although the excursion of
either of the extensor carpi radialis muscles
is not equivalent to that of a long thumb ex-
tensor, they may be used.

ANNULAR GROOVES

Annular grooves occasionally affect the
thumb, although less frequently than the
other fingers (Fig, 14). The grooves vary in
extent and seriousness from a shallow
groove slightly more than a skin crease to a
very deep groove extending almost down to
the bone.

At one time these were regarded as “am-
niotic” grooves, or sometimes they were
called “uterine amputations.” However, In-
glis,"® who has contributed much to the sub-
Ject, has advanced the hypothesis that many
examples of these constricting bands are not
the result of disturbances of innervation,
defective hormonal control, or extrinsic fac-
tors, but are due to “local inferiority of
tissue in various parts of the body result-
g from influences transmitted in the germ
plasm and determined by fundamental bio-
logic laws of growth and development.”

P £ P
FiG. 13. A case of hypodactylia with
nonopposable thumb and no muscular
control. The joints can be flexed passively,
and good sensation is present. It is worth
placing the thumb ray in a position of op-
position by transplanting it on a neurovas-
cular pedicle and later adding tendon
transfers.

- ,‘AH‘ M
Fic. 14. Bilateral annular groove., In the
left hand, the thumb is mvolved; in the

right hand, the thumb and the index finger.

TREATMENT

When the groove is shallow and does not
appear to interfere with the function or the
circulation of the finger, it requires no treat-
ment. However, deep or multiple Tings may
interfere with the circulation, and they
should be operated upon,
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Fi6. 15, Macrodactylia of the thumb
and the index finger. This should not be

confused with the enlargement caused by
either neurofibroma or hemangioma.

After excision of the grooves down to the
normal structures, the subcutaneous tissues
should be approximated carefully, and Z-
plasties may be done. A word of warning is
in order. A groove entirely circling the fin-
ger should be dealt with in two stages, halt
the finger at each stage. It is possible to ex-
cise completely the constricting band around
the finger, but, unless extreme care is exer-
aised, the circulation of the distal porfion
of the finger is endangered. When the finger-
tip beyond the constriction has no sensation
and is flail, it should be ablated.

MACRODACTYLIA

The index and the middle fingers are in-
volved most frequently in macrodactyla.
Macrodactylia of the thumb is compara-
tively rare. (Fig. 15). True macrodactylia is
referred to here, not that caused by neuro-
fibroma or hemangioma.

TREATMENT

Not much can be done in the treatment of
this condition except partial amputation to
shorten the thumb, 1n doing this, one would
excise the interphalangeal joint and arthro-
dese the shortened digit, preserving the nail
and the tip of the finger.

ACHROCEPHALOSYNDACTYLIA

In this condition the thumb has a char-
acteristic appearance, as shown in Figure 16.
The two phalanges are fused and deviated
radially.

TREATMENT

No treatment is indicated for this devia-
tion, but in a selected case it is possible to
arthrodese the joints if it seems that the
function of the thumb could be improved.

The great toe takes on a similar appeat-
ance. However, the deviation may be so
marked as to interfere with wearing a shoe.
In the case of a toe, ablation or reposition-
ing by an osteotomy of the metacarpal may

Fi6. 16. Achrocephalosyndac-
tylia. The 2 phalanges of “he
thumb are fused, and there Is 2
marked radial deviation of the
phalangeal portion of the thumb
Note that there are only 2 pha-
langes in the remaining c'irgusA
The toes are affected similarly:
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be performed. A fiap from the lateral side of
the great toe, transplanted to the medial side
to make up the deficicncy of coverage of the
concave surface, should be an added pro-
cedure,

ARTHROGRYPOSIS

This curious condition, characterized by
articular rigidity, occasionally affects the
thumb (Fig. 17). A recessive hereditary
factor has been reported; the author has
found a familial tendency in his own pa-
tients,

Gilmour® has found in arthrogryposis ab-
sence of the extensor pollicis longus, the ex-
tensor indicis proprius and the extensor
pollicis brevis muscles. This absence,
counter-balanced by a normal flexor muscle
of the thumb, would account for the position
of the thumb.,

Middleton,’s who has studied the condi-
tion in lambs, found in the human being re-
placement of the extensor pollicis longus by
remnants of muscle fibers in adipose tissue
and fibrous strands. Weak electrical response
was elicited occasionally, but there was no
reaction of degeneration,

The author found a bilateral thumb con-
tracture in a S-pound stillborn fetus and
had the opportunity of performing an au-
topsy. There was absence of the extensor
pollicis brevis, with the extensor pollicis lon-
8us ending in a fibrous band at the base of
the proximal phalanx of the thumb, The
thumb metacarpophalangeal joint was fixed
in flexion subluxation, with the base of the
Proximal phalanx displaced toward the
palm. The thumb interphalangeal joint was
fixed in flexion.

There has been some discussion as to
Whether or not the stiffness in the joints in
!.he living subject is the primary cause of
limtation of motion. The author has found
o evidence of infi Ty joint o
and one might conclude that joint fixity
could be caused by disuse. Lack of motion
n such a condition might cause the peri-

Fie. 17. Arthrogryposis of the thumb,
together with absence of the index, the
muddle and the ring fingers. This is really
a case of ectrodactylia complicated by
arthrogryposis.

articular tissue and the skin as well to be-
come contracted.

TREATMENT

Treatment in these cases is difficult, and
the prognosis is not very hopeful. Very early
treatment by splinting in the proper posi-
tion may result in improvement if enough
normal muscle fibers remain to function.
However, splinting of the thumb in a very
tiny infant is a most difficult procedure.

SUMMARY

The thumb, the most important digit of
the hand, is affected frequently in congeni-
tal anomalies. Various congenital malfor-
mations of the thumb have been considered.
Some of these, such as polydactylia and syn-
dactylia, occur frequently and are found
both as a single anomaly and in combina-
tion. Other malformations of the thumb are
less common. The triphalangeal nonoppos-
able thumb and a one-stage operative repair
have been described. Ectrodactylia, mani-

e
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festing jtself in various degrees of severity,
has been discussed, and hypodactylia of the
thumb as well. Still other conditions, such

as
thr

annular groove, macrodactylia and ar-
ogryposis, have also been discussed. In

each instance, the method of surgical cor-

IeCi

tion found to be most useful by the

author has been presented.
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Anomalias Congenite del Pollice

Summario in Interlingua

Le pollice, le plus importante digito del

mano, es frequentemente afficite 1n anoma-

It

s congenite. Varie malformationes con-

genite del pollice es discutite. Certes de istos
—per exemplo polydactylia e syndactylia—

(e
€O

curre frequentemente, taito in isolation
mo etiam in combination. Altere malfor-

mationes del pollice es minus commun. Es
describite le pollice a tres phalanges que non
pote opponer s¢ al altere digitos. Le reparo
de iste condition per un intervention chirur-

gic a phase unic es etiam describite. Ectro-
dactylia es discutite in su manifestation con
varie grados de severitate, Etiam Ie phe-
nomeno de hypodactylia del pollice es dis-
cutite. Le mesmo vale pro sulcos anular,
macrodactylia, € arthrogryposis. Pro omne
le conditiones mentionate, le methodo de
correction chirurgic es presentate le qual se
ha provate le plus utile n Ie expenentia del
autor.
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The Care and

the Treatment

of the Burned Hand

Braprorp CANNON, M.D.
AND
GeORGE D, ZUIDEMA, M.D.*

The cstablished principles of surgical
management of burns apply to the hand as
well as to any other area, but the burned
hand presents special problems because of
certain anatomic and functional features. Ef-
fective hand function is necessary for liveli~
hood and for performance of many daily
tasks. Even slight impairment of mobility
or sensation may result in a significant foss
of usefulness. The exposed hands are more
liable to trauma than is any other part of
the body. In addition, important structures,
tendons, vessels, bones, joints and nerves lie
close beneath the protecting skin and sub-
cutaneous fissue. Apparently insignificant
frauma may produce severely disabling in-
jury to these structures.

In the extensively bumed patients prece-
dence must be given to general care: res-
toration and maintenance of circulating
blood volume, effective respiratory exchange
and avoidance of surface c¢ ion. Un-
fortunately, these vital considerations may
divert autention from the burned hand. By
prompt, carefully planned care of the in~
jured hand, late erippling deformities may
be avoided or at least mimmized. The pur-
pose of this review is to enumerate some of
the principles of treatment that have Pproven
—

* Boston, Mass.

m

to be effective in ensuring the best possible
salvage of the burned hand,

ETIOLOGY AND TYPES

Two principal types of thermal burns of
the hand should be recognized:

First, the exposure type, usually from ex~
posure to flame or intense heat. The portion
mvolved most commonly is the dorsum of
the fingers and the hand, usually the result
of efforts to protect the face or other parts
of the body or of attempts to smother the
fire or to escape the heat. The hand often
is flexed, so that the palmar surfaces are less
seriously injured than the dorsal. It is com-
mon for both hands to be burned, Often in
burns involving the dorsum of the hand,
there are burns elsewhere, as, for example,
the face, the forcarm and other exposed
parts,

Second, the contact burn from direct ex-
posute to hot objects. Frequently these
burns involve the palmar surface of the
hand; for example, the child or the baby
who falls against a hot stove or the worker
in industry who touches a hot surface such
as rollers or mangles. Usually, the bumns
are discrete, involving only one hand or a
portion of ane hand, Gtber causes of such
tocalized burns may be spilled hot liguids or
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spatterings of molten metal, or direct fric-
tion. Although these localized burns are as-
sociated only rarely with other bums, in-
juries to other structures such as bone (frac-
tures), tendon (lacerations) and crushing
are not uncommon.

EVALUATION OF DEPTH AND
EXTENT OF BURN

An estimate of the depth and the extent
of the burn is essential. Usually, the appear-
ance of the local wound is the most accurate
way of determining the depth, but the mode
of burning may provide valuable informa-
tion. For example, brief exposure to hot
liquids or momentary exposure to a flash of
intense heat may produce only second-
degree damage, while prolonged exposure to
steam or flame usually produces a third-
degree burn. The significant local findings of
color, moisture and sensation are shown in
the following table:

2ND DEGREE 3RrD DEGREE
Color ..... Redorpink  Usually blanched

but blanches  pearly white or

with pressure  charred
Sensation.. Presentand  Anesthetic

usually quite

painful
Blistered or

weeping

Moisture ., Dry or charred

Other methods include radioactive tracers
and intravenous dyes, which are helpful in
estimating the depth of a bum but require
special equipment for the determinations.

Some authors subdivide the second-degree
bumn into two groups: (1) the superficial
second-degree burn; and (2) the deep sec-
ond-degree burn. In the former, an abun-
dance of epithelial tissue 1n the form of se-
baceous glands and hair follicles remains in
the deeper layer of the dermis, and from
these healing will take place spontaneously.
In the so-called deep second-degree burn,
there is an almost complete destruction of
the skin; nevertheless, 1slands of epithehal

tissue remain, and from these some spontanc-
ous healing can develop. However, the char-
acter of the healing that arises from these
tissues is of such poor quality that it has
seemed to the present authors to be wiser
to classify these as third-degree burns, If
they are dealt with as third-degree bums,
the final functional and esthetic result will
be far superior to that resulting from pro-
longed but spontancous healing. Only if the
patient’s general condition is precarious,
should these areas be treated as if they
were second-degree burns.

It may be difficult to estimate the depth
of the palmar burn because of the thickness
of the skin of the palm. Seldom should one
consider excision of this highly specialized,
irreplaceable tissue unless the damage is very
obviously deep or until more accurate evalu-
ation can be made at the time of the first
change of dressing.

PRIMARY LOCAL TREATMENT

The initial objective of local treatment
should be prevention of further bacterial
contamination, either from those in attend-
ance or from debris on the skin. Thus, in the
first-aid management, a clean protective cov-
ering for the hand should be applied. Gentle
cleansing of the surface is desirable if the
hand has been exposed to significant con-
tamination or unnecessary handling. The de-
cision as to whether to apply a dressing :3!
once or to do a preliminary washing and dé-
bridement of loose tissue from the surface
must be made by the attending surgeos-
However, it should be stressed that general
anesthesia seldom will be required for any
primary local treatment and that nothing is
gained by rupture of blebs or débridement of
the attached covering that remains as 2 .mosl
effective barrier against bacterial invasion.

DRESSINGS
Despite the enthusiasm for the “expo-
sure treatment” of burns, it is generally
agreed that the deeply burned hand should
not be “exposed.” The most important rea
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son is that the “pasition of function or rest”
of the hand must be maintained. This can-
not be donc cflectively without wrapping
the hand so that it is held in the correct po-
sition on a supporting splint. A Mason Uni-
versat Splint is wseful for this purpose, or,
if unavaitable, a mound of sponges on a flat
splint may be utitized. The wrist should be
extended partially; the interphalangeal and
the metacarpaphalangeal joints should be
flexed partially; the thumb should be rotated
toward the padm in & position of opposition,
The stabilizing collateral ligaments of the
finger joints are tense only in the fiexed po-
sition. When the fingers are extended, they
are relaxed but will tiphten rapidly if the
swollen fingers arc left in the extended po-
sition,

A single layer of fine gauze, cither dry or
lightly impregnated with petrolatum or other
Jiatment, is most useful against the skin,
This dressing can be semoved with Jess
trauma to the injured tissues and, conse-
quently, less pain to the patient than a
toarser gauze. Yet there is a free cscape of
exudate from the burned surface, so that
pooling of serum beneath an impervious
dressing daes not oceur, The initial fayer of
gauze in turn is covered by a bulky dressing
wrapped firmly in place. The term pressure
dressing has been avoided for two reasons:
(1} because in the hand, at least, minimal
feduction in Iocal fluid Joss can be expected
by the application of p because the
fuid 15 carried rapidly up this arm in the
lymphatics; and (2) if the dressing is ap-
Plied properly, with gauze separating each
of the fingers and thumb, a tight pressure
dressing may pose a very real danger of is-
chemia to the digits and/or unnecessary dis-
comfart to the patient,

Usually, the primary dressing is left un-
touched for 5 ta 7 days. If, in the first evalu-
atxon“no deep (third-degree) burn was pres-
c;n, lﬂﬂe'is gained by this early removal of
the dressing, but the patient may be more
¢omfortable and easly active mation may be

begun if the outer layers of gauvze are dis-
carded. Inspection of the burned arca is de-
sirable if there is any suspicion of a deep
burn. Early surgical excision or débridement
of the destroyed tissue and prompt wound
closure with skin grafts should reduce the
period of immobitization, avoid local infec-
tion and decrease fibrosis, The Jines of de-
marcation between viable and nonviable
tissue are usuatly clear by § to 7 days, much
more obvious than immediately after the in-
jury. However, when faced with a distinct,
Jocatized, deep bum with minimal systemic
derangement, the surgeon should consider
immediate excision and skin-grafting in
preference to the delays proposed abave.
Some writers find that soaking the burned
hand by immersion in a saline or a weak
hypocbloritic solution is useful in hastening
spontancous separation of the slough. It also
permits some active motion of the hand, If
contamination and maceration can be mini-
mized, this may be an effective method of
débridement and mild physical therapy, but
at the same time it is difficult 1o carry out.
In genteral, the drier the hand can be kept,
the less likelihood there is of sepsis unless
cxudate dries as a crust on the surface and
acts as a barrier to the escape of serum.
Prompt débridement of this obviously deeply
burned tissue will eliminate possible foci of
infection, and immediate or defayed (2-5
days) skin-grafting will hasten the conva-
lescence. However, in the extensive burn in-

volving the dorsum of the hand and the fin-
gers, there may be difficulty in making

correct primary diagnosis. Since these pa-

tients often are burned elsewhere, the deci-

sion can reasonably be postponed for a few

days until the general condition of the pa-

tient permits a surgical procedure. By this

time the line of demarcation between deep

burn and superficial burn usually is appar-

ent. The procedure should be done in an

operating room fully prepared for débride-

ment and skin-~grafting. If there is doubt that

the patient can tolerate the procedure, lonzes
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delay before exposing the hands to the haz-
ards of unnecessary contamination is reason-
able. In the healthy patient, delays as long
as 10 days before débridement and grafting
usually are well tolerated,

If the lines of demarcation are not obvi-
ous or if the burn involves tendon or bone,
it may be desirable to be guite conservative
and to inaugurate a program of daily dress-
ings after the first dressing change, débrid-
ing only that tissue which has undergone
spantaneous separation. In deep burns it
may be the third weck before the full ex-
tent of muscle, tendon or bone loss can be
determined. Not infrequently the outer layer
of the bone or the tendon will separate, and
the deeper layers will prove viable and will
provide the mecessary continuity of strue-
ture that might be completely destroyed in
the too enthusiastic débridement, The granu-
lation that develops can be closed promptly
with skin grafts up to the devitalized bone
or tendon. By this technic there may be
some conservation of tissue, for a spontane-~
ous Ine of demarcation of bone or tendon is
more likely to be accurate than an arbitrary
surgical excision, With meticulous care
spontaneous healing will occur frequently
over the exposed but still viable bone or
tendon.

SPECIAL TYPES OF BURNS

Electrical burns are characterized by ex-
treme depth and widespread horizontal ex-
tension of the destruction. This 1s due to the
effort by the current to find the path of
least resistance, which usually is along blood
vessels or through muscles, The skin and the
bones offer considerably more resistance
than these other tissues; comsequently, it
may be difficult to determine the extent or
the depth of the burn on initial examination.
Spontaneous débridement may be prolonged
because of the wide spread of the necrosis
subcutaneously Operative débridement of
the areas of electrical bum is being urged
more and mc-e in surgical writings. The
morbidity and the crippling that occur with

the slow sequestration of necrotic tissues arg
urgent teasons for removing them, Of ne-
cessity, the débridement must be widespread
to encompass the damaged area. Repair may
require a more complex direct flap rather
than a free skin graft.

Chemical burns vsually are classified with
the contact burs with hot objects The
problems in these two types of burms are es-
sentially the same. In addition, it is im-
portant to flood the hand thoroughly with
water before a dressing is applied,

CHEMICAL DEBRIDEMENT

Despite the enthusiasm for chemical dé-
briding agents by some authors and in e
advertisements, there is little evidence that
any collagenase or other application for fe-
moval of necrotic burned skin has been
found. Reports of studies as controlled as is
possible are unconvincing, because cqu‘aﬂy
rapid separation can be achieved by meticu-
Jous care of the wound irself. The failure of
chemical débriding agents Is a compeliing
reason for surgical débridement when at all
possible.

ANTIBACTERIAL AGENTS

Massive antibiotic therapy is desirable it
all severe burns of the hands. Cultures, both
aerobic and anaerobic, from the skin at the
time of initial examination will be helP.m
often in deciding which agent to combﬂfe
with the ubiquitous penicillin. Treatm.ent is
continued as long as there is any risk of
invasive infections. The dangers of sensi-
tivity to the drug and the possibilities of re-
sistant organisms should alert the. surgeon 10
the desicability of periodic omiss'mn of anti-
buotic therapy. There is no evidence f*}a;
topical antibiotics are of valug in the initia
care of the burned hand, Antitetanus thera-
py~—a booster dose of tetanus foxoit{ 0;13
large dose of tetanus antitoxin—is desirable

SKIN-GRAFTING .
Preparation of raw surface for 3 skin

graft demands daily or twice-daily changes
of dressing, careful removal of exudate an
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slough, and reapplication of a firm fitted and
moist gauze dressing. Bacteriologic cultures
usually grow a wide varicty of organisms on
the surface. If they are abundant, or if Bac-
terium pyocyaneum is present, the wound
assuredly needs further care before grafting
can be contemplated. Delay of a few days is
preferable to a catastrophic loss of skin
grafts, Perhaps the best clues as to the
readiness of the wound to accept a graft arc:
minimal ecxudate; the appearance of the
granulation, which should be firm and bright
red; and the visible evidence of a marginal
spread of epithelium,

The excision of granulation tissue is scl-
dom necessary in the carly days after the
separation of slough. The connective tissue
beneath the granulating surface develops
slowly. If the raw surface has been present
for many wecks, the connective-tissue layer
thickens and constricts the blood vessels,
which must penetrate it to nourish the skin
graft. Thus, shaving off the granulation and
underlying scar tissues may be desirable at
the time of grafting the chronic ulceration
of an old burn.

Split skin grafts may be secured in a num-
ber of ways, including the freehand method
with a long slender skin-graft knife, or the
mechanical methods with a variety of derma-
tomes, including the Padgett, the Reese and
the Brown types. Despite the calibrations of
the graft-cutting machines, each surgeon will
handle the instrument differently and, conse-
quently, cut grafts of different thickness
Tl}ese differences and the differences in skin
thickness introduce risks of permanent dam-
age to the donor site, because too thin a
layer of dermis 15 left from which normal
hea.lmg must arise. Unless the roots of hair
fOllfcies and sebaceous and sweat glands re-
main, a raw, infected, painful wound will
Tesult, Consequently, care must be taken not
to cut the graft excessively thick.

Almost without exception raw surfaces of
the hand should be closed with split skin
ﬁzléts This is true following surgical dé-

Cment, as well as on a granulating

wound. The normal shrinkage of a free graft
varics with the thickness of the graft—the
thicker the graft the less the shrinkage. If
the healed graft is kept under some tension,
shrinkage can be minimized. Thus, on the
dorsum of the hand, the primary split graft
usually will suffice because of the action of
the powerful flexor muscles. On the other
hand, palmar contracture may develop de-
spite prompt closure of the open wound with
thick split grafts. The definitive release of
palmar contractures frequently requires cov-
ering with full-thickness free grafts.

Only rarely is a pedicled flap indicated
early in the treatment of the burned hand.
Occasionally, exposed tendons, joints or
bones may be salvaged if they are covered
promptly by a blood-bearing flap. Nice sur-
gical judgment is called for in making these
decisions. The leaving of necrotic tissue or
an infected joint beneath a flap can jeopard-
ize the result and may lead to serious com-
plications in the uninfected donor area. A
more prudent course is to postpone any
definitive procedures until complete healing
has been achieved with free skin grafts.

Exposed tendons, bones or open joints of
the fingers may interfere with or prevent the
formation of a completely acceptable granu-
lating surface despite meticulous efforts to
prepare the surface for grafting. By open
grafting technics, delays in closing the
wound with skin can be minimized. The
prompt spontaneous and firm adhesions that
develop between a split skin graft and a
granulating surface are well recognized. By
taking advantage of this adhesion the sur-
geon can leave the graft exposed to the air
and even allow minimal motion if this is
desirable. The graft is measurably cooler and
drier than if covered bya dressing and, con-
sequently, less liable to autolysis or destruc-
tion by sepsis. It must be emphasized that
this method has only limited application.
There is still no better method for the pro-
tection of 2 graft on a well-prepared surface
than an accurately applied dressing. Only
when there are technical problems of effec-
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tive immobilization of the graft or the condi-
tion of the granulating wound is uncertain
will the open-grafting technic offer an alter-
native method that may prove to be simpler,
more effective and less hazardous in securing
closure.

PROGNOSIS

Obviously the prognosis depends to a
major degree on the extent of the anatomic
damage. The damage to injured but not ne-
crotic tissues can be increased if severe sep-
sis is allowed to develop. This is the com-
pelling reason for early débridement of all
necrotic tissue. Functional recovery of the
hand can be retarded, even permanently im-
paired, if there are delays in securing wound
closure requiring prolonged immobilization
because of sepsis, pain or slow healing. Deep
fibrosis is increased by the persistence of
granulating areas. There must be alterations
in the Jymph flow with localized lymphan-
gitis and obstruction, the evidence of which
is the chronic edema that subsides rapidly
after the hand is healed.

Final functional recovery of the severely
burned hand is usually slow, calling for great
patience by the individual and his surgeon.
Active exercises are far more beneficial than
any energetic passive manipulation, Soaking
the hand in warm soapy water and Jubrica-
tion with a bland ointment will help to lim-
ber stiff joints and soften inelastic skin
grafts. Often one is surprised at how much
recovery will occur spontaneously in a well-
motivated patient if the surgeon is not
tempted to undertake premature operative
procedures,

Further surgical procedures may be indi-
cated, These include the resurfacing of im-

portant areas with flaps for greater mobility
or as a precursor of surgery on deeper struc-
tures, capsulotomy of metacarpophalangeal
joints, tendon transplants and repair of con-
tractures with skin grafts, In choosing the
procedure the surgeon should select the one
that will accomplish the desired result most
rapidly and effectively so that the period of
immobility of the hand will be as brief as
possible,

SUMMARY

Bumns of the hand can produce severely
crippling disabilities. Early excision of all
necrotic tissue permits primary closure of the
wound with skin grafts and earlier functional
recovery, Burned tendon and bone should be
treated more conservatively than skin, be-
cause evaluation of the degree of damage is
less certain. Partial salvage of these tissues
by waiting for spontaneous separation may
obviate complicated reparative procedures
at a later date. Even after healing of the
hand is complete, functional recovery 1
slow, requiring extreme patience by the in-
dividual and restraint by the surgeon. Much
of the ultimate recovery depends on the mo-
tivation of the patient himself.
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Cura e Tractamento del Mano Ardite

Summario in Interlingua

Le establite principios del tractamento
chirurgic de ardituras 1n general es applica-
bile etiam a ardituras del mano, sed le mano

ardite presenta problemas special a causa de

certe factores anatomic e functional.. In
casos de arditura de grado sever, le prime
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consideration debe esser dedicate al tracta-
mento general, sed un cautemente planate
programma pro le mano ardite es frequente-
mente capace a cvitar subsequente deformi-
tates invalidante. Un del plus difficile prob-
lemas in ardituras afficiente le mano es le
evaluation del profundor ¢ del extension del
lesion. Tamen, si isto pote esser determinate
accuratemente, le prompte excision dc omne
arcas de histo necrotic pote resultar in le
possibilitate de un clausion primari del vul-
nere per medio de graffos de pelle ¢ conse-
quentemente in Jc plus prompte restabli-

mento functional. Del altere latere, si osso o
tendines es ardite, un attitude multo plus
conservatori deveni indicate pro evitar le
excision de arcas de histo quc es possibile-
mente ancora viabile, Le salvation de osso e
tendines pote obviar le nccessitate de un
complicate seric de procedimentos repara-
tori in tempores futur, Le restablimento final
del severmente ardite mano depende de alte
grados de patientia ¢ de attention diligente
del parte del chirurgo e de un forte motiva-
tion del parte del patiente mesme.
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Dupuytren’s Contracture;
a Guide for Management

L.D. Howarp, Jr., M.D.*

In the 127 years that have passed sincc
Guillaume Dupuytren established the patho-
logic entity that bears his name, much has
been written on such aspects of the disease
as etiology, incidence, pathology and treat-
ment. An cxcellent summary, with additional
contributions, was published by Skoog® in
1948. Since then the subject has remained
popular, as indicated by the number of pub-
lications, but little has been added to the
sum of knowledge. Many of the articles em-
phasize a variety of operative technics.

PROBLEM

There is only one major problem in the
surgical treatment of Dupuytren’s contrac-
ture; Le., the prevention of postoperative
stifiness of the small finger joints or, should
it oceur, its treatment. The more technical
aspects of the actual surgical procedure are
significant, especially as they bear on the
postoperative recovery. However, joint stiff-
ness can occur irrespective of incision,
hematoma or skin slough. Although these
may be factors of some importance, they
are not the cause of stiffening. For these rea-
sons, the unseasoned surgeon may show en-
thusiasm for an operative form of treatment
until he 15 confronted with his first dismal
failure, The literature places little emphasis
on the problem of stiffening, either as to
cause or cuse Long-term follow-up reports
concerned with later involvement in un-

* San Francisco, Calf.
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operated areas or recurrence at the operative
site are few.

Dupuytren’s contracture usually appests
in middle and later life, and has a high inct-
dence of bilateral involvement. It rarely if
ever causes total incapacitation. Sex makes
no difference in the evaluation of the case
except from the standpoint of cosmetics.
Generally, women prefer a finger that looks
well and can take 2 glove to one that func-
tions well.

The disability of Dupuytren’s contracture
is due to limited extension of the digis-
Rarely is there lack of strong and ?omplete
flexion preoperatively unless there is an as-
sociated arthritis of the smal} finger joints
The pathologic process involves the Palmar
and the digjtal fascia and, to a varymg de-
gree, the connective-tissue layer.af the over-
lying skin. The process never involves the
flexor tendons or the volar digital nerves of
vessels.

In most cases of Dupuytren’s contracture,
other stigmata of arthritis or related collagen
disorders are found on physical examind®
tion and from the history. Bursitis, eatly-
morning stiffness of the fingers, transient
numbness of the fingers, Hebcrden"s.nodesv
ganglia, trigger finger, tenosynovitis 8
knuckle pads are common. el

Dupuytren’s contracture 1S prachc; jf
asymptomatic so far as local pain Of tender
ness is concerned. The condition is sllbjFC'
to periods of quiescence and activity. Dunng
the latter phase pain can be mild. If the pa-
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tient complains of much pain, a scarch
should be made for other causes.

HISTORY

For the protection of the surgeon, and for
an honest cvaluation of the results of treat-
ment, a carcful initial history and physical
examination should be made. The follow-up
postoperative examinations should include
accurate determinations of function.

A family history should be obtained rela-
tive to the presence of the discase in other
members, as well as to the presence or the
absence of rheumatic afllictions.

A personal history should include infor-
mation relative to joint or connective-tissue
disease apart from the Dupuytren’s contrac~
ture. The date of onset and location of the
Dupuytren’s involvement should be noted,
along with a chronologic history of periods
of rapid advance or quicscence. The physical
examination is best recorded by freehand
sketches on the chart showing the type and
the location of involvement and graphically
portraying the limitation of digital extension.

PHYSICAL EXAMINATION
Tyre oF INVOLVEMENT (FiGs. 1 & 2)

1. The “nodule,” often first to appear,
usually in the palm at the basc of the ring or
the little finger, tumorlike, roundish and
firm. When active, it may be slightly tender
and show slight redness of overlying skin.

2. The “cord,” lincar thickening of pal-
mar or digital fascia, tightens bowstring
fashion on extension of the digits. It is not
tender and is best outlined with finger in
maximum extension.

3. The “pit” may be the first evidence, or
it may appear later, or perhaps not at all.
This represents involvement and contracture
of fibrous-tissue strands from the palmar
fascia to the dermis of the skin, creating
dimpling.

4. The “poor skin,” an area of absolute
fixation of skin to involved fascia beneath,
usually a nodule. Such skin is less thick
than in uninvolved areas. If the extent is
great, it will be subject to postoperative ne-
crosis and, therefore, may need removal at

Fic 1. Chnical manifestations of fascial involvement in
Dupuytren’s contracture,
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the time of surgery, followed, if necessary,
by replacement with an immediate skin
graft,

LIMITATIONS OF FUNCTION

The limitation of extension of the fingers
is best shown by a sketch indicating the dis-
tance of the fingertips from a straight line
drawn jn extension of the metacarpals (Fig.
3A). When the contracture is 50 severe as
to make this measurement impractical, the
fimitation of extension js best recorded as
the distance the tip of the finger clears the
distal crease of the palm (Fig. 3C). Thumb-
web contractures may be recorded by com-
paring the involved with the uninvolved
thumb when both are extended. In case both
thumb webs are affected, the amount of con-
tracture can be recorded by measuring the
distance that the pulp of the thumb spreads
from the radial side of the index finger
(Fig. 3B).

Postoperatively, the major concern will be
the limitation of flexion of the fingers due to

Fig. 2, A freehand sketch of a case
of Dupuytren’s contracture showing loca-
tion and type of fascial involvement,

Fio. 3 Recording by sketch the limitation of extension of thumb and fingers
(A) Mc .ure from tip of finger to a rule held on dorsum qf hand paralleling
metacarpals and overhanging the digits. (B) Methods of recording by sketch, hmi-
tation of extension of the thumb. (C) In cases of severe contracture the clearance

distance from the distal crease of the palm may be wsed instea

depicted in A

d of method
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stifiness of the small finger joints. This may
be recorded graphically or by figures show-
ing the distance the tips of the fingers fail to
reach the distal crease in the palm on volun-
tary flexion (Fig. 4A). Limitation of flexion
of the thumb is recorded by a flexion ad-
duction measurement; for ecxample, the
amount by which the tip of the thumb fails
to touch the distal palm at the basc of the
fifth finger (Fig. 4B). A detailed record may
be made by measuring the angle of flexion
of each individual joint and recording them
in table form.

TREATMENT

Nonoperative or conservative treatment
consists of doing nothing. Splinting may pre-
vent an increase of the contracture, but in
general splints are poorly tolerated. Once a
contracture develops, an attempt to lessen it
by splinting is unrealistic. No local or sys-

A.

7

temic medication or treatment by any physi-
cal modality has proven to be effective.

INDICATIONS FOR NONOPERATIVE
TREATMENT

1. An insufficient contracture, one that is
not disabling in any way. Avoid the risk of
stiffening the hand in the absence of an
actual contracture,

2. Individuals with physical impairments
that contraindicate surgery in other than
emergency instances.

3. Individuals with evidence of severe ad-
vancing arthritis of the hands and showing
already limited flexion of the fingers.

OPERATIVE TREATMENT

Before any surgery is performed, advise
the patient of what you expect to do and
warn him with regard to the possibility of
postoperative stiffness of the fingers. Obtain

Tips fcilﬁpalm

index — 07
long — Yo"
ring — | A"
liHle— 14"

Fio. 4. Method of recording by sketch and table (A) the limitation of
flexion of the fingers and (B) the thumb,
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the co-operation of the patient by vesting in
him some of the responsibility for the post-
operative care. Unless there are extenuating
circumstances in bilateral cases, operate on
one hand at a time and on the one that is
the more involved. This helps the patient to
decide whether or not he wants surgery per-
formed on the other hand after observing the
results of the first.

Operative treatment is divided into three
types, depending on the extent of the sur-
gery:

Fasciotomy

This procedure is useful primarily in re-
lieving flexion contracture of the proximal
(metacarpophalangeal) joints. It is not rec-
ommended for the relief of flexion con-
tracture of the middle (proximal inter-
phalangeal) joints due to technical difficulty
and risk of volar digital nerve damage.

Indications for Fasciotomy:

1. As a prelimmnary to fasciectomy in se-
vere cases. The procedure allows the palmar
skin to stretch out a bit before the major
surgical undertaking,

2. For older, retired or nonworking indi-
viduals still physically active in sports or
hobbies. The procedure is especially appli-
cable in those cases with limited involvement
in a quiescent stage.

3. For skilled workers who cannot afford
the time off (mimmum of two months) for
more extensive surgery. (Explain need of
later fasctectomy or repeat of fasciotomy.)

4. For patients who have a moderate de-
gree of arthritis of the hands or for other
reasons are prone to joint stifiness.

5. For indwvidvals who because of other
physical tmpairments can tolerate only mini-
mal operative procedures.

How To Get the Most Out of the
Fasciotomy:

1. So far as 1s mechanically possible, sever
all fibers of the fascta in the contractuing
band so that a true gap is present in the line

of fascia pull.
2. Since one digit can hold back another,

after the more severely contracted one is kt
out check the adjacent digits for tightness of
fascia and sever bands of these to make ad-
ditional gain.

3. Avoid doing fasciotomy at the point at
which the skin is the most involved. If
the fascia is released under poor skin and
the finger is stretched out, there is apt to be
a traumatic rupture of the skin, thus produc-
ing an open wound. In such cases it is much
better to divide the fascia in two places, one
above and one below (Fig 5). If a skin
wound is created, it should be closed by st-
ture. Often these wounds will close more
readily from side to side in a longitudinal
line than edge to edge in the transverse
plane. In the event that the wound cannot be
closed by suture, it should be covered by a
small split-skin graft.

1t never pays to leave an open wound o
the hand even for a short period of time.

4. Look for fascia involvement in the fin-
ger webs, This will prevent the extended ﬁx'\-
gers from spreading. A vertical approach In
the web, with the fasciotomy knife, can I¢-
lease this band with much benefit. The same
1s true of contracting bands in the thumb
web (Fig. 5).

5. Following fasciotomy the released fin-
gers should be splinted intermittently in €x-
tension by means of a dorsal clock-spring
type of sphnt, By use of such a splint, add-
tional extension will be gained, as the ur-
involved, but secondanily shortened, soft fis-
sues stretch out,

Limited Resection of Involved Fascia
Indications for This Procedure:

1. Older ndividuals with localized in-
volvement of long standing but without evi-
dence of much progression.

2. Involvement within a digit, the palm
being free or with very minimal involvement.

3, For patients whom you suspect wilt
stiffen greatly after extensive surgery by TeA~
son of other physical signs or from exper-
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ence following a previous operation on the
other hand.

Radical or Complete Fasciectomy

Indications for Complete Fasciectomy:

1. Healthy individuals with widespread in-
volvement and cvidence of steady progres-
sion of the discase.

2, Young individuals who have local in-
volvement that is progressive and give a
family history of the discasc with extensive
nvol in other bers,

How To Get the Most Out of Local
or Complete Fascial Resection:

OPERATIVE DETAILS:

1. Use standard proven incisions and
technic. The McIndoe incisional approach is
highly reccommended (Fig. 6A & B).

2. Use sharp dissection as much as possi-

ble to avoid traumatizing the tissues by FIG. 5. Showing elective sites for fas-
spreading scissor points. ciotomy. Note approach to digital and
thumb web.

3. Release the tourniquet before final clo-
sure and obtain as near complete hemostasis  before closure and, if necessary, apply im-
as possible. Elevate the hand to reduce ven- mediately a split-thickness or full-thickness
ous bleeding. skin graft. The best local source of a satis-

4. Excise skin of questionable viability factory full-thickness skin graft is an ellipse

Fie. 6. (A) Surgical
approach (Melndoe) 1o
p:alm and digits for fas-
cial resection, Broken
limes on' digits outline
flaps for Z-plasty clo-
Sure  (B) Direct clo-
Sure of palm and closure

¥ Zplasty for fingers.
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the co-operation of the patient by vesting in
him some of the responsibility for the post-
operative care, Unless there are extenuating
circumstances in bilateral cases, operate on
one hand at a time and on the one that is
the more involved. This helps the patient to
decide whether or not he wants surgery per-
formed on the other hand after observing the
results of the first.

Operative treatment is divided into three
types, depending on the extent of the sur-
gery:

Fasciotormy

This procedure is useful primarily in re-
lieving flexion contracture of the proximal
(metacarpophalangeal) joints, It is not rec~
ommended for the relief of flexion con-
tracture of the middle (proximal inter-
phalangeal) joints due to technical difficulty
and risk of volar digital nerve damage.

Indications for Fasciotomy:

1. As a preliminary to fasciectomy in se-
vere cases. The procedure allows the palmar
skin to stretch out a bit before the major
surgical undertaking.

2. For older, retired or nonworking indi-
viduals still physically active in sports or
hobbies. The procedure is especially appli-
cable in those cases with limited involvement
in a quiescent stage.

3. For skdled workers who cannot afford
the time off (minimum of two months) for
more extensive surgery. (Explain need of
later fasciectomy or repeat of fasciotomy.)

4. For patients who have a moderate de-
gree of arthritis of the hands or for other
reasons are prone to joiat stiffness.

5. For individuals who because of other
physical impairments can tolerate only mini-
mal operative procedures,

How To Get the Most Out of the
Fasciotomy:

1. So far as is mechanically possible, sever
all fibers of the fascia in the contracting
band so that a true gap is present m the line
of fascia pull

2, Since one digit can hold back another,

after the more severely contracted one is Jet
out check the adjacent digits for tightness of
fascia and sever bands of these to make ad-
ditional gain.

3. Avoid doing fasciotomy at the point at
which the skin is the most involved, If
the fascia is released under poor skin and
the finger is stretched out, there is apt to be
a traumatic rupture of the skin, thus produc-
ing an open wound. In such cases it is much
better ta divide the fascia in two places, oue
above and one below (Fig. 5). If a skin
wound is created, it should be closed by su-
ture. Often these wounds will close more
readily from side to side in a Jongitudinal
fine than edge to edge in the transvense
plane. In the cvent that the wound cannot be
closed by suture, it should be covered by 2
small split-skin graft.

1t never pays to leave an open wound o0
the hand even for a short period of fime.

4. Look for fascia involvement in fhe fin-
ger webs. This will prevent the extended ﬁf\-
gers from spreading. A vertical approach i
the web, with the fasciotomy kaife, can ¢
lease this band with much benefit. The same
is true of contracting bands in the thumb
web (Fig. 5).

5, Following fasciotomy the reteased fin
gers should be splinted intermittently in €5
tension by means of a dorsal clock-spring
type of splint. By use of such a sptint, addt
tional extension will be gained, as the U0
involved, but secondarily shortened, soft tis
sues stretch out.

Limited Resection of Involved Fascié

Indications for This Procedure:

1. Older individuals with localized -
volvement of long standing but without evi-
dence of much progression.

2. Involvement within a
being free or with very minimal involvemﬂ}h

3. For patients whom you suspect Wi
stiffen greatly after extensive surgery by réa-
son of other physical signs or from expert

digit, the palm
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curs, the chances are great that flexion con-
tracture will recur, cven to a greater degree.

3. 1If, at the time of surgery, it appears
that there is not a reasonable chance of ade-
quate extension being obtained cven by post-
operative splinting, it is best to do an im-
mediate arthrodesis of the middle finger joint
in approximately 45° of flexion. By doing
50, some shortening of the finger will result,
and this in turn will relax the soft tissucs
that are under strain.

4. When a middle-finger joint has suffered
long-standing and scvere flexion contracture
(90° or morc), consider amputation as a
method of treatment. This can be performed
at the time of the surgery if the patient has
been forewamed. In most cases the proximal
finger segment can be saved, the dorsal skin
of the distal two segments being utilized
for volar cover. If the fifth finger has both
its proximal and middle joints in severe
flexion contracture with poor volar skin on
the palm and the finger, amputation should
be carried out through the distal end of the
metacarpal. Then all the dorsal skin of the
finger is available to cover any skin defect
in the palm.

Thumb-Web Contractures. In severe
}humh-web contracture, the involved area
is best approached by incision in the line
of the web, closing by Z-plasty type ma-

ncuver (Fig. 7A-C). If therc is insuflicient
skin cven for Z-plasty, the remaining de-
nuded arca can be covered with thick-split
or [ull-thickness skin graft, with the thumb
in the corrected position.

Persistent blanching of a finger on re-
Iease of the tourniquet means arterial
insufficiency. Relax the finger from the ex-
tended position and wait. If there is a Z-
plasty on the finger, release and slide the
points back to lessen the circumferential
constriction. Prolonged arterial insufficiency
means a poor finger, even though the digit
survives. Advise the patient of the situation
immediately after operation.

Associated knuckle pads had best be
Ieft alone. Excision frequently damages the
central slip of the extensor tendon, leaving
a boutonnicre-type deformity.

A diffuse hard thickening of the palm
after operation is a manifestation of
the stiffening process, The tissues will
soften in time with active use of the hand.
Maximum improvement postoperatively may
take many months,

CONCLUSION

A few salient points have been proposed
in the management of Dupuytren’s contrac-
ture. These are intended as guides, not as
rules. A careful preoperative appraisal of

C.

Fic. 7. (A) Incision used to approach thumb web for excision of involved

fascia. (B

thumb and thenar for fascial resection.

)} Closure by Z-plasty. (C) Suggested incision to use on radial side of
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from the antecubital area. The defect thus
created can be closed directly and without
the undermining of skin edges by simply
flexing the elbow. Two weeks of splinting
will suffice.

5. Close the operative wounds loosely to
allow drainage and thus avoid the need of a
drain. Do not usc impervious dressings on
the wounds, as these seal the wounds almost
as effectively as suture. Hydrocortisone
flushed throughout the wound just prior to
closure will help minimize postoperative re-
action and pain.

6. Avoid a compression dressing, as the
risk of a dressing that is too tight far out-
weighs the danger of hematoma,

7. Dress the operated hand with volumi-
nous soft dressings in the position of func-
tion, with the wrist in slight dorsiflexion.
Immobilize by use of plaster splints on the
forearm and the hand.

POSTOPERATIVE CARE; THE MINIMUM
ESSENTIALS:

L. Elevate the operated extremity to heart
level or above at all times. This is probably
the most important controllable factor to
help minimize swelling and stiffness.

2. Splint the operative wounds until
healed.

3. Permit early motion of unoperated
areas of the hand.

4. When all wounds are healed, occupa-
tional-type therapy is started. Avoid treat-
ment that requires prolonged dependence of
the hand. Avoid forcing the small finger
joints passively.

5. If a flare of stiffening develops, corti-
sone can be given systemically for sympto-
matic relief, but this should be done under
careful medical supervision.

POSTOPERATIVE COMPLICATIONS:

1. Pain and swelling are danger signs. Re-
lease the dressing, maintain immobilization
and elevate hand well above heart level.

2. Hematoma in the palm is dangerous be-~
cause it promotes thrombosis of the skin
flaps. If the hematoma is large, retumn the

patient to surgery immediately and evacuate
the clot, Then the wound can be resutured
or, if @ gap exists, closed with thick split-
skin graft. If the hematoma is small and
localized, it can be drained out with a needle
or through a small opening in the wound
after 8 to 10 days, at which time the blood
will be fluid,

3. If necrosis of any part of the skin
flaps occurs, excise the dead skin as soon as
demarcated and cover the area with a split-
skin graft. By so doing, surface infection 1
avoided and much time is saved.

4, Stiffening of the small finger joints may
develop gradually, but usually it shows up
on the tenth or the fourteenth day as a flare
reaction, characterized by spontaneous jomt
pain, swelling and limited motions. During
the acute phase, the condition should be
treated by rest, constant elevation of the
hand above heart level, and salicylates and/
or cortisone, Never try to force sw?llen,
painful joints, either voluntarily or passively,
to gain motion but allow the patient to move
the digits within the limit at which such ac-
tivity does not cause an increase in sy.mpto-
matology. During this period, maintain the
wrist in a dorsiflexed position by a Plﬂsm
splint. When the acute reaction begms. to
subside, follow with increased active motion
of the digits but never use passive f?rceful
motions. At a much later date, assistance
can be given by elastic functional type
splints (clock-spring, knuckle-bender, etc.)-
A wooden exercise block and a large rubber
sponge are most valuable adjuncts in help-
ing to regain motion.

SPECIAL SITUATIONS AND PITFALLS

Severe Contractures (Over 60°) of
the Middle (Proximal Intcrphﬂ!imgeal)
Joints of Long Standing and With Poor
Volar Skin: i

1, Do not expect full surgical corr.ectlonA

2. Do not force the jomnt at the time of
surgery, as to do so may cause rupture
thegvgar capsule and dislocation. If this oc-

of
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curs, the chances are great that flexion con-
tracture will recur, even to a greater degree,

3. M, at the time of surgery, it appears
that there is not a reasonable chance of ade-
quate extension being obtained even by post-
operative splinting, it is best to do an im-
mediate arthrodesis of the middie finger joint
in approximately 45° of flexion, By doing
50, some shortening of the finger will result,
and this in turn will relax the soft tissues
that are under strain.

4. When a middle-finger joint has suffered
long-standing and severe flexion contracture
(90° or more), consider amputation as a
method of treatment. This can be performed
at the time of the surgery if the patient has
been forewarned. In most cascs the proximal
finger segment can be saved, the dorsal skin
of the distal two segments being utilized
for volar cover. If the fifth finger has both
its proximal and middle joints in severe
flexion contractare with poor volar skin on
the palm and the finger, amputation should
be carried out through the distal end of the
metacarpal. Then all the dorsal skin of the
finger s available to cover any skin defect
in the palm,

Thumb-Web Coutractures. In severe
thumb-web contracture, the involved area
is best approached by incision in the line
of the web, closing by Z-plasty type ma-

neuver (Fig. 7A-C). 1 there is insufficient
skin even for Z-plasty, the remaining de-
nuded area can be covered with thick-split
or full-thickness skin geaft, with the thumb
in the cosrected position.

Persistent blanching of a finger on re-
fease of the tourniquet means arterial
insufficiency. Relax the finger from the ex-
tended position and wait, If there is a Z-
plasty on the finger, release and slide the
points back to Iessen the circumferential
constriction. Prolonged arterial insufficiency
means & poor finger, cven though the digit
survives. Advise the patient of the situation
immediately after operation.

Assacinted knuckle pads had best be
left nlone. Excision frequently damages the
central slip of the extensor tendon, lcaving
a boutonnicre-type deformity.

A diffuse hard thickening of the palm
after operation is a manifestation of
the stiffening process. The tissues will
soften in time with active use of the hand.
Maximum improvement postoperatively may
take many months,

CONCLUSION

A few salient points have been proposed
in the management of Dupuytren’s contrac-
ture. These are intended as guides, not os
rules. A careful preoperative appraisal of

C.

Ffﬁ. 7. (A} Inciston used to approach thumb web for excision of involved
fascia. {B) Closure by Z-plasty. (C) Suggested mesion o use oa radial side of

thumb ang thenar for fasctal resection.
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each case is of greatest importance. Surgery
in the form of fasciotomy or fasciectomy is
the only effective way of treating Dupuy-
tren’s contracture. Postoperative stiffening
of the small finger joints is the major com-
plication of operative trcatment, and every
effort must be made to prevent this disability
or to minimize it should it occur.

The postsurgical objectives are to bring
about complete healing of the wounds at
the earliest possible time and to restore mo-
tion by active use of the hand once healing
is complete.
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Contractura de Dupuytren; un Guida pro su Tractamento

Summario in Interlingua

Le plus grande problema in le tracta-
mento chirurgic de contractura de Dupuy-
tren es le prevention o le tractamento de
rigiditate del articulationes in le digito
minime. Tal rigiditate pote occurer sin re-
guardo al methodo chirurgic usate o al im-
portantia del operation. Pro facilitar le se-
lection 1nter fasciotomia, fasciotomia limi-
tate, e fasciotomia radical in un caso par-
ticular, indicationes es proponite pro cata
un del tres methodos. Es presentate un

methodo pro registrar Ie Tocation ¢ l¢ typo
de affection fascial insimul con un simple
maniera pro le expression graphic del limita-
tion functional, Le accesso chirurgic de
Mclndoe es recommendate, e procedimentos
es proponite que permitte le obtention del
plus grande beneficio post le operation Es
presentate un revista del complicationes €
de lor tractamento, e le manipulation de as-
pectos “problematic” es discutite.
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The Rheumatoid Hand

LEE RAMSAY STRAUB, M.D.*

The multiplicity of deformities in rtheuma-
toid arthritis has dclayed progress in the
surgical correction of any particular onc.
Most surgeons have had a natural reluctance
to operate on cven scverely deformed hands,
since it was fclt that they might function
better in deformity. This has been especially
true in those patients who need their hands
for assistance with crutch or cane. Because
of this very worry, the internist managing
the patient’s arthritic complaints will rarely
think in terms of surgical therapy. While this
attitude is understandable, this author feels
that an earlier approach to these problems
may lessen the eventual surgical undertaking
and provide better continuous function.

SYNOVITIS

. The synovial and the subsynovial reaction
in rheumatoid arthritis is the basic cause of
deformity and disability in the rheumatoid
hand, Synovium lines not only the joint
Spaces of the wrist and the hand but also
the tendon sheaths and bursae. The changes
n the synovium of the hand are character-
istic of those seen elsewhere in rheumatoid
disease. There is a thickening of the surface
l‘fyel‘s and great enlargement of the subsyno-
vial celtular structure. There 1s infiltration of
leukocytes and of plasma cells. The surface
of the Synovium may become redundant with
facemose appendages, caused by the up-
heaval in the cellular structure, The normal
Synovial function of Jubrication and nutrition

s lost. This reactive synovium then distends
—_—

* New York, N. Y.
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the joint capsule, expanding and weakening
the enclosing ligamentous structures. In the
tendon sheath, the thickened synovium not
only produces mechanical pressure on the
tendon but its substance may develop within
the tendon or penetrate the tendon from
without so as to weaken the structure. The
reflected portion of synovium on the tendon
itself, equally abnormal, prevents the en-
trance of nutrient to the tendon. The ten-
don structure is altered thereby and weak-
ened to the point of eventual rupture. Masses
of this material attached to a tendon may
prevent passage of the tendon through tight-
fitting areas, such as under the pulleys in the
fingers. Muscle spasm, particularly in the
intrinsic musculature, now has the oppor-
tunity to produce grotesque deformities in
these unstable joints. As the reaction of
synovitis subsides, fibrosis occurs, not only
in the sheath but in the surrounding soft
tissues, particularly the capsules, and de-
formities become fixed,

Prevention of synovial reaction then
would seem to be the logical way to fore~
stall a great many of the difficulties in rheu-
matoid arthritis, Unfortunately, current
means of therapy with steroids and other
preparations have been successful only in a
hmited way and, often, of no assistance
whatever.

“SNAPPING TENDONS”

Most instances of the snapping flexor ten~
don or tenovaginitis are nonrheumatic in na-
ture. Some, however, are the result of a
synovial thickening of rheumatoid arthritis,
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Fia. 1. Rheumatoid
arthritis. Synovitis.
(Top) Degeneration
(gray areas) and necro-
sis (empty spaces) of
collagen of extensor ten-
don of hand. Some pal-
isading cells are seen at
the margin of the ne-
crotic collagen. (Bor-
tom) Prolferative and
exudative villous syno-
vitis. The dark areas are
foci of lymphoid and
plasma cells. (Dr. Rob-
ert Mellors)

' wut in any of the

+ may be indicated

on flexion or
=~ _ of the finger
- 1 position. Usu-
wiying

will



“Snapping Tendons" 129

Fi6. 2. (Left) Spontancous rupture of the extensor tend(zns o‘f 't.he fourth ar'nd the ﬁf‘t‘h
fingers * " » o SN LT T T . e
promin: L .
follown , ¢ L]

&Joint Surg. 38A:1209 & 1216)

Shaggy nature of the synovium. For the
acute or recent case, the best treatment con-
sists of injection, after local anesthesia, of
Y2101 ce. of hydrocortisone into the tendon
sheath, Sterile preparation is essential. The
26-gauge needle is inserted with the bevel
downward so that it will be deflected off the
tendon surface, Usually it is easy to sense
the position of the needle point and to pass
U through the firm pulley structure. The
fluid should flow readily and not be forced,
for fear of misdirection, into the tendon
body itself, If symptoms have been present
ess than 3 months, about 75 per cent of
these patients will obtam relief with one ot

two injections. Repeated injections after that
are useless if success has not been obtained.
Far better improvement can be procured by
surgical approach.

TECHNIC

Through a small curved transverse or
oblique incision over the metacarpal head,
dissection is carried down to the volar sur-
face of the affected tendon sheath. The digit-
al nerve on either side of the tendon with its
accompanying blood vessels is identified.
The pulley and the tendon sheath in the af-
fected area are not merely incised but the
volar portion is resected, so that there can
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as described above. In others, the exact
eticlogy may be doubtful, with rheumatoid
disease only suspected. In still others, the
snappmg tendon will be the first sign of
rheumatoid change. Knowledge in this re-
gard will be enhanced if the latex-cell agglu-
tination and other new serologic studies are
done when multiple tendons are involved in
one individual.

Fia. 1. Rheumatoid
arthritis. Synovitis,
(Top) Degeneration
(gray areas) and necro-
sis (empty spaces) of
collagen of extensor ten-
don of hand. Some pal-
isading cells are seen at
the margin of the ne-
crotic collagen  (Bor-
tom) Proliferative and
exudative villous syno-
vitis. The dark areas are
foci of lymphoid and
plasma cells. (Dr. Rob-
ert Mellors)

Snapping may be present in any of th;
fingers or the thumb and may be md_lc{lfe
by a slight crepitant sensation on flexion or
a definite snapping with locking of .the finger
in the flexed or the extended position. Usu-
ally a mass is found overlying‘ the meta-
carpal head of the affected dign.' In some
rheumatoid patients, a soft crepitant Sl'}f’
ping, palpated in this area, will indicate the
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Fic. 2. (Left) Spontaneous rupture of the extensor tendons of the fourth and the fifth
fingers in rheumatoid arthritis Note relations of transverse dorsal ligament to the dorsally
Prominent ulna. (Right) Spontaneous rupture of the extensor pollicis longus as it occurs
following Colles’ fracture and in rheumatoid arthntis. (After Straub & Wilson: J. Bone
& Joint Surg. 38A:1209 & 1216)

shaggy nature of the synovium. For the
acute or recent case, the best treatment con-
sists of njection, after local anesthesia, of
Y2101 cc. of hydrocortisone into the tendon
sheath. Sterile preparation is essential. The
26-gauge needle is inserted with the bevel
downward 5o that it will be deflected off the
tendon surface, Usually it is easy to sense
the position of the needle point and to pass
I through the firm pulley structure The
fluid should flow readily and not be forced,
for fear of misdirection, into the tendon
body itself. I¢ symptoms have been present
¢ss than 3 months, about 75 per cent of
these patients will obtain relief with one o

two injections, Repeated injections after that
are useless if success has not been obtained.
Far better improvement can be procured by
surgical approach.

TEecHNIC

Through a small curved transverse or
oblique incision over the metacarpal head,
dissection is carried down to the volar sur-
face of the affected tendon sheath. The digit-
al nerve on either side of the tendon with jts
accompanying blood vessels is identified.
The pulley and the tendon sheath in the af-
fected area are mot merely incised but the
volar portion is resected, so that there can
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F16. 3. Rheumatord arthritis of the
wnst Note subluxation and prominence
of distal ulna

be no question of recurrence. This is don

best with a local or regional anesthesia, s

that free active motion of the tendon or ten
dons jnvoly e visualized. A tourni-
quet, whild - not essential. If the
synovium i either on the sur-
face of the ¢ tendon sheath,

it s doubtful that the lesion is of rheuma-
toid origin. However, if shagey masses of
synovium are present on the tendon, they
should be resected very carefully. There is a
real danger of spontaneous rupture in ten-
dons so affected if they are left untreated.
The tendons wear away at points of pressure
over bone or under ligaments such as pul-

leys.
SPONTANEOUS TENDON RUPTURE
Synovitis of the tendon sheaths occurs in
the flexor tendon sheaths or bursae and in
the extensor mechanisms as the extensor
tendons cross the dorsum of the wrist. Spon-
tancous rupture of tendon occurs most often
to the extensors because of certain mechani-
cal features in that area. Spontaneous rup-
ture of the flexor group does occur but with
much less frequency. The mechanical fac-
tors producing spoptaneous tendon rupture
in the finger flexors of the rheumatoid hand
are (1) pressure of the transverse carpal
ligament on the weakened tendon; (2) pres-
sure of a pulley; and (3) pressure and wear
on some bony irregularity resulting from the
arthritis in the carpal tunnel. The most com-
mon tendon ruptured on the dorsum of the
hand is the extensor to the fifth finger. Close
behind this, and usually next to go, is the
extensor tendon to the fourth finger. Th_e
tendon of the extensor digiti quinti brevis
passes through a tendon sheath separatc
from that of the extensor digitorum com-
munis, at the dorsum of the wrist. Vaughn-
Jackson has shown that an jrregularity may
a pear at the distal end of the ulna directly
ying the tendon sheath to the fifth-

extensors. This then . through
ovium and through ed ten-
tually, there is a I?gation
a at the distal joint as
the rheumato’ he pres-
eumatoid sy eparation
taneous ru ill follow

additional pressu

pture o xtenso

deser” y in



FIG. 4, These illustrations show spontaneous rupture of the extensor digitorum
communis and the extensor pollicis longus of the right hand. Note dropping of
thumb, long, ring and fifth fingers.
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rope as “drummer’s palsy.” However, it may
be a sequela of rheumatoid synovitis at the
dorsum of the wrist. Eventual rupture comes
at a point of wear at Lister’s tubercle and di-
rectly under the transverse dorsal ligament.
The serious residua of synovitis about the
wrist suggest a more active early surgical
management as good preventive medicine.

THE EVALUATION

Synovitis in the rheumatoid hand is
readily recognized. On the dorsum of the
hand it appears as a distinct soft swelling
over the wrist with a narrow waistlike band
of constriction at the site of the transverse
dorsocarpal ligament. There may be separate
nodes extending down the course of the
extensor of the fifth finger, as this has a
separate and a longer synovial sheath, but
these sheaths continue distally only to the
midmetacarpal level, The sheath of the long
extensor of the thumb is limited similarly.
In the volar aspect of the hand the evalua-
tion is a little more difficult. Careful palpa-
tion bimanually of the palm and the volar
aspect of the forearm will indicate the sen-

sation of fluid flow beneath the transverse
carpal ligament. This may be crepitant and
earlier was termed the compound palmar
ganglion, the classic description of tuber-
culous synovitis, After extensor tendon rup-
ture has occurred, the affected fingers will
drop 45 to 50° at the metacarpophalangeal
joint. The thumb drops into the palm if the
extensor pollicis longus paris. Limited ex-
tension of the fifth finger may still be pos-
sible after rupture of the extensor digiti
quinti through a small slip, present fre-
quently, that arises from the extensor
digitorum communis. Loss of a flexor tendon
will be indicated by specific examination of
the finger flexors, Careful evaluation must
be made of the flexor digitorum sublimis,
as the action of the flexor digitorum pro-
fundus at the tip of the finger can mask a
loss in sublimis function.

TREATMENT

Prolonged synovial thickening should not
be left untreated, Early in its course there
may be subsid of the infl y ac-
tivity by Test and by Jocal use of steroids.

Fu. 5. Skin incisions for
volar and dorsal synovectomy:
Note that skin creases at wrist
are crossed at about 60°.



Spontancous Tendon Rupture

FiG. 6. (Top, left) Tenosynovitis of
dorsum of wrist. Incision showing fascia
overlying synovial mass. (Top, right)
Synovial mass just distal to the transverse
higament which is seen above left. (Bot-
fom) Note involvement of tendon in
center by synovium and destruction of
extensor tendons of the fifth finger
(lower).

However, should there be no responsc to
two or three synovial injections, done care-
fully, and no ‘response to splinting over a
period of 2 months, surgical synovectomy
25 a prophylactic measure should be scrious-
Iy considered, A dorsal synovectomy is tech-
Tically an easier procedure than the palmar
an.d is needed more frequently. The dorsal
skin incision should be curved or oblique.
Th.e transverse creases at the dorsum of the
Wrist should be crossed at about a 60° angle
and not in a perpendicular direction. The
dorsal carpal ligament is excised. The thick-
ened shagey synovium brown or yellow, is
removed from the tendon by careful dissec-
tion. 1f the distal ulna is prominent dorsally,
it should be resected by oblique osteotomy.
Postoperative splinting of the wrist for soft-
tissue healing is necessary for 10 days.

Palmar synovectomy, when required, is
done through a curved incision, as indicated
in Figure 5. This should obtain adequate
exposure of both the ulnar and the radial
bursae. The transverse carpal ligament is
not repaired after its division, as there is no
important problem with tendon “bowstring”
deformity either on the volar or the dorsal
aspect of the wrist. Careful inspection of the
floor of the carpal tunnel, to make sure that
there are no bony projections against the
tendons, is done before closure.

Tendon Repair. Repair of a flexor dig-
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itorum sublimis is not required if the pro-
fundus to that finger is still intact, If, as has
happened often, both tendons have ruptured,
it may be possible to make a tendon repair
in the palm and thus avoid a frec tendon
graft. To repair profundus in the palm, an
adjoining sublimis may be used as a motor,
or the defect in the profundus can be
bridged with tendon graft. If there is a sin-
gle extensor-tendon rupture, side-to-side
anastomosis to an adjoining extensor tendon
is possible and is perhaps the most direct
method of approach, However, with multi-
ple involvement free tendon grafts may be
required, Tendons can be obtained from the
palmaris longus, from the plantaris Jongus
or from extensor to the fourth toe,

It is of the utmost importance to protect
the new tendon from any adverse pressure
and to place it in a receptive soft-tissue bed.

The real emphasis should be on ecarly
synovectomy before tendon rupture occurs,
to avoid the more complex reparative pro-
cedures.

ULNAR DRIFT

Ulnar deviation of the fingers at the meta-
carpophalangeal joint is extremely common
in advanced rheumatoid arthritis, However,
deformity is frequently out of proportion to
the severity of the disease. It may follow

soon upon the initial synovitis in the meta-
carpophalangeal joints. The supporting
ligaments of these joints are invaded and ex-
panded by the disease so that lateral sta-
bility is lost. As the hand continves in func-
tion, the normal force in flexion and in ex-
tension is a slightly ulnar direction rather
than radial. The supporting hood of the ex-
tensor mechanism over the dorsum of the
metacarpophalangeal joint is softened, and
ulnar displacement of the extensor tendons
from the tops of the knuckles into the ulnar
valleys ensues. With fibrosis of soft tissues
afterward, there is volar dislocation of the
proximal phalanges on the metacarpal
heads, and at this stage there is usually in-
trinsic contracture producing extension de-
formity at the middle interphalangeal joints
The distal interphalangeal joints eventually
go into flexion as the extensor mechanism
becomes stretched and weakened by the
arthritic process and is overpowered by lh.c
stronger flexor group. Ulnar deformity is
greatest at the fifth finger, which frequently
develops a right-angle deformity from ‘.he
fifth metacarpal. Progress of the deformity
may stop at any stage.

TREATMENT

Preventive measures consist largely of
controlled exercises and splinting. The use

Fig. 7. Severe rheu-
matoid synovitis with
foss of all extensof t€n-
dons except the index
(same case as Fig. 4)-
Nate extensor pollicis
longus in clamp at sight
and resection of distal
ulna at left,



Fics. 8 and 9, same case. F1G. 8. (Top) Rheumatoid arthritis, severe ulnar
deviation. Note dislocation of metacarpophalangeal joints. (Bottom) Postopera-
tive photograph following resection of the metacarpal heads with the second, the
t]:;inzl] and the fourth fingers, fusion of the fifth metacarpophalangeal joint left

and,
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of plastic splinting materials has provided a
means of providing some splints that can be
worn while actively using the hand. It is es-
pecially important to try to correct the de-
formity of the fifth finger, as this will act as a
block to the deformity in the other fingers.
However, such methods arc only partially
successful. Many surgical procedures have
been devised to correct the deformity and
with varying results. The author has found

the following approach useful in the severely
deformed hand.

OPERATIVE TECHNIC

A dorsal transverse skin incision is used
at the level of the metacarpal heads, The
metacarpophalangeal joints are each ap-
proached through a radial longitudinal in-
cision in the joint capsule. The heads natu-
rally are prominent, The phalanges are dis-

Fi6. 9. Postoperative appearance following resection of metacarpal heads and
capsular reconstruction of the metacarpophalangeal jonts.

Fio. 10. Instability of the thumb in
destructive rheumatoid arthritis,

located forward and cannot be reduced. :rhe
metacarpal head is resected in sufﬁcllenl
amount to allow a better articular relation-
ship of the phalanx to the metacarpal ncc.k.
The extensor tendon, located and fixed in
the ulnar valley of the given joint, is freed
by an incision along its ulnar side. This al-
lows 1t to be replaced over the dorsum of the
reconstituted joint. Nothing is done to th‘e
base of the phalanx. Usually encug_h synovi-
um is present to act as an interpo.smg mem-
brane, and no special interposition of tis-
sues is necessary. The hood and the capsule
then are closed on the radial aspect of t.he
joint by imbrication. This forms a sadial



ophalangeal jomnt of both thumbs in early

Fue. 11, (Top) Dislocation of the metacarp
d arthrits, (Bortom) Postoperative arthrodesis metacarpophalangeal joini,

Theumatoy
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ligament to hold the extensor tendon over
the top of the new metacarpophalangeal
joint. At the fifth metacarpophalangeal joint,
arthrodesis of the joint in the corrected po-
sition at 135° of flexion and 5° to 10° of
abduction is done. This will serve as a
permanent block against the other fingers,
Fowler and Riordan have presented a meth-
od involving arthroplasty of these joints in a
similar fashion and use the proximal portion
of the lateral band as a means of anchoring
the extensor tendon in the restored position,
Their use of temporary Kirschner-wire fixa-
tion of the joints in the corrected position of
flexion and slight radial deviation has proven
to be effective. The Kirschner wires are left
in place for 2 weeks; thereafter a pro-
gram of graduated exercises, including hy~
drotherapy, is instituted, and, while these pa~
tients do not get a full range of motion in
these joints, the restoration in function has
been gratifying.

STABILITY AND JSOLATED
DEFORMITIES

Certain types of rheumatoid arthritis may
lead to extensive destruction around joints
with complete loss of stability., Such arthritis
has been termed arthritis mutilans. In the
fingers and in the thumb this can cause seri~
ous loss in pinch and grasp function. When
it affects the interphalangeal joint of the
thumb, pinch must occur at the distal por-
tion of the proximal phalanx rather than the
tip of the thumb, and, when it occurs at the
proximal interphalangeal joints of the fin-
gers, there is no stability to lateral thrust or
to pinch. Joints so involved are best treated
by arthrodesis. At the interphalangeal joint
of the thumb the thumb can be arthrodesed
in the straight position. Arthrodesis of the
proximal or the distal interphalangeal joints
of the lesser fingers may also prove to be
practical. These should be fused in the po-
sition of function; that is, the position most
readily adapted by these joints when the
hand is held in the position of rest. Kirsch-
ner wires provide a useful means of immo-

bilization during healing. They should be
buried and may be removed with local anes-
thesia after fusion is secure,

Dislocation of the First Metacarpo-
phalangeal Joint. This may occur follow-
ing rheumatoid arthritis. It may be a painful
deformity and produce instability and weak-
ness in grasp. The choice of treatment is
fusion. Serious functional loss in the first
carpometacarpal is rare in the rheumatoid
hand.

EVALUATION OF THE
RHEUMATOID PATIENT

In considering any operative procedure
on the arthritic hand, it is wise to know a
great deal of the patient’s activities and
wishes for the future. Once the program has
been determined, it is well to explain it
carefully to the patient and to give him time
to consider whether there will be a total
functional improvement or some Joss of 2
very important ability. He should understanf!
fully that restoration to normal is impossi-
ble. Limited gains only are sought, but in
the hand a fimited gain may be of seal
value,
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Le Mano Rhcumatoide

Sunmumario in Interlingua

Le problemas del mano rh vide non

el

recipe fe attention que illos merita, sin
dubita a causa del multiple deformitates que
le motbo produce in altere partes def or-
ganismo. Alterationes synovial es funda-
mentalmente yesponsabile pro un grande
parte del occurrentias in e mano rheuma-
toide. Istos inctude le destruction del cap-
sulas articular, le deformitate del deviation
wlnar, le faceration de tendines, ¢ le ruptura
Spontance de illos. Multo pote esser effectu-
ate infe prevention de iste disveloppamentos
Pet medio de synovectomias que es meticn-
losemente executate wnte le occurrentia del
Tupturas de tendines. Isto vale speciatment
on respecte & synovitis afficiente Jes ten-
dines darsal del mano. Mesmo post Je rup~
w2 de tendings, lor reparo chirurgic es

f De {acto, in le majoritate del casos
fe metior methodologia es probabifemente un
tal reparo chirurgic. Le deformitate del
deviation ulnar pote esser attaccate per
methadoes chirurgic con le distincte spero
que le correction del deformitate © un melio-
ration functional es attingibile.

Un aspecto del plus grande importantia
es le cvaluation del pati idual con
respecto a su requirimentos occupational e
functional ¢ etiam con respecto a sv moti-
vation.

Le objectivo del presente articulo es de-
linear le natura del reaction synovial rtheu-
matoide e del deformitates que es producite
per iste synovitis ¢ proponer methodos de
therapia chirurgic.

indt
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Giant-Cell Tumor

of Tendon Sheath

(Benign Synovioma) in the Hand

Evaluation of 56 Cases®

GEORGE S. PHALEN, M.D., LAWRENCE J. McCorMACK, M.D.,

AND WiLLiam J.

The giant-cell rumor of tendon sheath is
the second most common subcutaneous tu-
mor occurring in the hand and is exceeded
only by ganglions. These giant-cell tumors
are referred to by many names, such as fi-
broma, endothelioma, myeloid tumor, mye-
loma, xanthoma, xanthosarcoma, myeloplax
tumor, myeloid endothelioma, myeloxan-
thoma and benign synovioma. The term
giant-cell tumor of tendon sheath is used
commonly for this tumor, although the last
term, benign synovioma, is the most accu-
rate pathologically.

Numerous authors have reported series of
giant-cell tumors of tendon sheaths, and they
have emphasized that these tumors occurred
more often in the fingers than in any other
part of the body.

Fifty-six giant-cell tumors of tendon
sheaths were found in a recent review of
the clinical, hospital and pathologic records
of 500 subcutaneous benign soft-tissue tu-
mors in the hand treated at the Cleveland
Clinic Hospital since 1947. The pathologic
material from each of these cases was re-
viewed, and additional shides were made for
microscopic study, using Masson stain for
connective tissue and a special stain for
hemosiderin pigment (modified Perls’ reac-

* From the Departments of Orthopedic Surgery
and Anatomic Pathology, The Cleveland Ciinic
Foundation and The Frank E. Bunts Educational
Institute, Cleveland, Ohio.
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tion for jron salts), The clinical, the radio-
logic, and the operative data of each case
were tabulated, and each patient was asked
to return for re-examination,

CLINICAL FEATURES

The youngest patient in our series was 8
years of age; the oldest, 80 years ?f age.
The table that follows shows the distribution

AGE DISTRIBUTION OF 56 PATIENTS AT
ONSET OF GIANT-CELL TUMOR

AGE, YEARS N0. OF PATIENTS

in decades of the ages of our pa.tien(s. Six-
teen, the greatest number of patients, were
in the fifth decade, and 38, or two thirds of
the patients, were in the fourth thrg\lgﬁ the
sixth decades. Both sexes were involved
about equally—25 males and 31 females—
though in most of the reported series the
women predominated slightly.

Giant-cell tumors of tendon sheaths are
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Fia, 1. (Top, left) Giant-cell tumor 1n the palm of the left hand.. (Top, right) Giant-cell
fumor over the dorsum of the muddle phalanx of the 1:t middle finger. (Bottom)

Roentgencgraphic evidence that a giant-cell tumor has eroded the cortex of the middle
phalanx of the ring finger.

known to involve the fingers more often than
any other part of the body. Furthermore, the
index and the middle fingers are involved
mote often than any others, In this series, 2
Wmors were in the palm (Fig. 1, top, left),
Tin the thumb, 12 in the index finger, 18 in
lhf. middle finger, 11 in the ring finger and
7in the littte finger. An almost equal num-
T of tumors were in the right and the left
:ands. One patient had a tumor on each
land, One on the volar aspect of the right
umb and another on the dorsal aspect of

the fefy middle finger.
, ?}f the 54! tumors in the fingers, 16 were
© proximal phalanx, 18 in the middle
E’ega&and 20 in the distal phalanx Seven-
dora %) of the 54 tumors were on the
i aspect of the fingers (Fig. 1, top,
o th’ and 29 (52%) of the tumors were
® volar surface of the fingers. Eight of
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the tumors within the fingers were strictly
on either the medial or the lateral aspect of
the fingers. In one patient, 2 tumors were
present in a single finger: one on the dor-
sum of the distal phalanx and the other on
the volar aspect of the middle phalanx. We
have classified this as a single tumor, al-
though at the time of surgery no connection
was seen between the two growths, In an-
other patient, the tumor involved both the
volar and the dorsal aspects of the same
finger; the tumor was excised in two stages
for fear of impairing the vitality of the skin
flaps by too extensive undermining.

From the data noted above, it appears
that giant-cell tumors of tendon sheaths oc-
cur most frequently in the fingers of middle-
aged people. Both the dorsal and the volar
aspects of the hand are affected, but the sur-
face on which the growth first appears can-
not be used as a criterion for diagnosis.

SYMPTOMS AND SIGNS

The reported time between the appear-
ance of the lesion and definitive surgery
ranges from 2 weeks to 15 years. In this
series, one patient stated that the tumor ap-
peared overnight and that he sought treat-
ment the next momning. Another patient
stated that the tumor had been present for
at least 10 years. The majority of these pa~
tients sought medical treatment sometime
between 2 months and 3 years after they de-
tected the growths,

Pain and tenderness are not prominent
features of these tumors. Only 8 of the
patients had pain at the site of the tumor;
usually of a mild degree, the pain was ag-
gravated by heavy work. The patient who
noted the most pain was a woman who did
arduous farm work.

In no case was there extreme tenderness
over the site of the tumor. Seven of the 56
patients had slight tenderness; for example,
one patient noted tenderness only when
caiching a baseball.

Giant-cell tumors of tendon sheaths pro-
duce disability only when the tumor be-
comes so lurge as to interfere mechanically

with adequate motion of the joint or to
displace and press upon the adjacent tissues.
Only two patients had significant impairment
of joint motion: in one patient, the tumor
was at the proximal interphalangeal joint at
the flexion crease and prevented complete
flexion of that joint; in the other, the tumor
was at the distal interphalangeal joint at the
flexion crease, thus restricting flexion of the
distal phalanx.

In no patient was there a rapid increase
in the size of the tumor. Usually, giant-cell
tumors of tendon sheaths grow so slowly
that often they remain the same size for
many years,

BONE INVOLVEMENT

The ability of giant-cell tumors to erode
bone by pressure is well established. A re-
view of the literature* disclosed 13 cases, of
which only 4 involved bones of the hand.
1t seems likely that bone changes would be
observed more often in association with
giant-cell tumors of tendon sheaths if roent-
gen examinations were standard procedure
for suspected lesions of this type.

The extent to which erosion takes place
depends on the extent to which the tumor
is free or limited in its expansion in direc-
tions other than toward the bone. Fletcher
and Horn* have advanced the theory that if
the tumor is bound down firmly by ligaments
or tendons, it is more likely to erode through
the bone cortex and to expand within the
matrow cavity, Therefore, small tumors may
cause distinct bone erosion, while, in the
absence of such confinement, large tumors
may cause only minimal erosion of bone.
In this seties, 22 roentgenograms Were
made; 4 showed evidence of bone 1
volvement. The extent of this involvfmeﬂt
was erosion only at the site of maximum
pressure (Figs. 1, bottom, and 2). In none of
the roentgenograms was there evidence that
the bone marrow was invaded by tumor-

PATHOGENESIS

In the formation of giant-cell tumors 0;
tendon sheaths, many authors have claime



Pathogenesis 143

that trauma and infection played important
roles. These tumors occur in the upper ex-
tremities several times as often as in the
lower extremitics; and the tumors involve
the hands and the feet more often than any
other part of the extremitics, Thesc obscrva-
tions seem to substantiate the view that
trauma may be an ctiologic factor,

There was no record of trauma in 48 of
the 56 cases of this scrics, Four paticnts
gave definite histories of trauma to the fin-
gers at the subscquent sites of the tumors.
An additional two patients gave historics of
remote trauma that they believed might have
been the cause of their tumors. Three other
patients described activities in their occupa-
tions that might conceivably be regarded as
causing chronic trauma to the involved fin-
gers. In our serics, there were 15 manual
workers, such as assemblers, carpenters and
packers, and 18 houscwives; these two
groups comprised approximatcly 60 per
cent of our cases,

Infection was not comsidered to be an
ctiologic factor in any of the cases, From
this review it is concluded that trauma and
infection were not necessarily  ctiologic
agents in the development of giant-cell
tumors of tendon sheaths,

Geschickter and Copcland® stated that
these tumors were derived from sesamoid
bones, but histologic evidence has not con-
firmed such a possiblc origin,

Altcration of the lipoid metabolism has
been suggested as the primary ctiologic fac-
tor in the production of giant-cell tumors of
tendon sheaths.® Patients with true xan-
thomas usually demonstrate an elevation in
concentration of serum cholesterol, but
those with giant-cell tumors do not.® Un-
fortunately, determinations of serum choles-
terol were obtained in too few of our pa-
tients for us to be able to draw definite con-
clusions, However, we believe that elevated
values for blood cholesterol do not accom-
pany giant-cell tumors of tendon sheaths,

Fia.2 Roentgenographic evidence that a giant-cell tumor has eroded
the volar and the radial aspects of the middle phalanx of the little finger,



144

Giant-Cell Tumor of Tendon Sheath in the Hand

Fic 3. A freshly removed giant-cell tumor showing

the
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These tumors are always benign, Stout!$
has stated that in no case of giant-cell tu-
mors of tendon sheath in the hand had the
tumor becn proven to undergo malignant
change. Rarely, when the tumor occurs in
the soft tissue of the fingers, similar ones
are found in the bone marrow of the pha-
langes The concept that the tumor may be
malignant has been based primarily on the
fact that infiltrative growth and rapid re-
currence have been observed. In this series
we observed no jnvasion of bone and no evi-
dence of metastasis, either local or distant.
As mentioned previously, in one of our
patients 2 tumors occurred on different digits
of the same hand. In two other patients mul-
tiple tumors were present in the same finger
at different locations. In another patient
there were multiple giant-cell tumors aris-
ing at the same site from different areas of
the tendon sheath. These facts indicate a
condition of multiplicity rather than of in-
vasiveness or metastasis.

PATHOLOGIC FEATURES

The size of the tumors varies from a few
millimeters to several centimeters in diame-
ter. In our series, 7 tumors each were
less than 1 c¢m. in diameter, and 1 tumor
was more than 2.5 cm. in diameter. The
tumors are firm, round, oval or lobulated
subcutaneous masses that appear encapsu-
lated by a dense fibrous covering formed by
the compressed surrounding connective tis-
sue (Fig. 3). Often the tumors have an

aimcuhy oflccmplele surgical excision,

ity illustrates the
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encasing‘the synovial cells, and several
multinucleated giant cells. (Masson stain)

elastic consistency. The color is grayish,
mottled with red, brown or yellow, the pro-
portion of these three colors varying Te-
spectively with the amount of hemorrhage,
hemosiderin pigment or xanthoma cells
present in the tumor.

Microscopically, the stroma of the tumof
appears as a deeply eosinophilic collagenous
connective fissue, This stroma is sparsely
cellular in some areas but often seems 10 136
devoid of cells or fibrillar structure. T'here 15
the widest variation in the proportiont of
stroma to tumor cells. The stroma some:
times appears as a fine meshwork and some-
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Fi6. 5. (Left) Photomicrograph of a section of a giant-cell tumor (X 110) showing
£

cellular hyperplasia and a small

flagen, (Right) Ph icrograph of a

section of a giant-cell tumor (X 400) showing that the nuclei of giant cells are strikingly

similar to those of the synovial cells.

times as broad bands or sheets of amorphous
collagen in which the tumor cells are nested
in widely separated lacunae. The pracess of
fibrosis may proceed to such an extent as to
leave nothing but fibrous tissue; this proba-
bly accounts for the reported “fibromas™ of
tendon sheath, According to Stout,!® the
dominating microscopic feature of these tu-
mors 1 2 disorderly fibrosis with phagocytic
giant cells (Fig. 4).

The. twmor may also contain myxomatous
areas in which polyhedral spindle cells or
Stellateshaped cells are separated by a
Mmucinous matrix, Often these areas alter-
fate with and show tramsition to fibrous
areas,

We graded the fibrosis according to the
z;nm_mts of fibrous tissue seen on micro-
G?;g;: s;ectmns' of the tumors in our series:
2 b ﬁ.brosxs is & scanty amount; Grade

S 15 @ moderate amount; and Grade

3 is an unusuaily Jarge amount of fibrosis.
There were 15 tumors with Grade 1 fibrosis,
24 tumors with Grade 2 fibrosis and 17 tu-
mors with Grade 3 fibrosis. In 19 tumors
there were active fibroblasts that seemed to
bear no relationship to the grade of fibrosis.

In addition, there was no relationship be-
tween the grade of fibrosis within a tumor
and the age of the tumor. We estimated the
age of the tumors by the duration of symp-
toms. Some of the relatively young tumors,
of 3 or 4 months’ duration, presented a
Grade 3 fibrosis, while other tumors, of 4 or
5 years’ duration, presented 2 Grade 1 fi-
brosis. Furthermore, in some of the older
tumors there were many active fibroblasts.

There are three other types of cell com-
monly found in giant-cell tumors of tendon
sheaths: the type, or synovial, cell; the giant
cell; and the macrophage.

The synovial cells are the basic cellular
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Fic 6. (Top, left) Photomicrograph of a section of 2 giant-cell tumor (X 11D}
showing the lipid-laden histiocytes or foam cells, characterized by dark-s.tammg smaller
nuclei surrounded by halos of foamy eytoplasm (Top, right) Photomicrograph of a
section of a giant-cell tumor (X 400) showing characteristics of foam cFIls. (Botllo"h
lefty Photomicrograph of a section of a giant-cell tumor (X 110) stained for iron
The hemosiderin pigment 1s represented by the black areas (Bottom, right) Photomicro-
graph of a section of a giant-cell tumor (X 400) showing the hemosiderin pigment 1o
be chiefly intracellular and present in the synovial cells as well as in the foam cells.

component of these tumors. Typically, they
occur in groups separated by bands of col-
lagen. The ratio of synovial cells to collagen
is exccedingly variable. Some tumors are
densely cellular in appearance, with only a
light stromal network of interlacing strands
of fibrous tssue separating the closely
packed cells (Fig. 5, left). Usually, the
cells are round to oval with rather scanty
eosinophilic cytoplasm. The large nuclei are
round or oval and often are indented. In the
faint chromatin network there usually is a
recognizable nucleolus.

The giant cells were a constant feature

in all our cases. However, there was }vi{ie
variation in the number of giant cells within
different tumors As many as 40 giant cells
may be seen in a single low-power mxcmé
scopic field; the average 15 between %0 an

15 giant cells per low-power field in owr
sertes. In a few cases we found it necess.ary
to search many fields to find 2 single .glﬂ“‘
cell. Giant cells were classified as rare 18 .11
tumors in our series. The giant cells, which
vary in size, usvally possess a homogeneous,
abundant, slightly eosinophilic cytoplasm-
Some contain 3 or 4 nuclei, while othets
have from 50 to 100 in a single cell
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Fic. 7. (Left) Photomicrograph of a scction of a giant-cell tumor (X 110) showing
the synovial spaces or clefts lined by oval or flattened cells, imitating the arrangement
of synovial cclls in a normal tendon sheath. Note the collagenous stroma. (Right)
Photomicrograph of a section of a giant-cell tumor (X 110) showing an area of necrosis
within the tumor, Such arcas were disclosed in 10 of the authors’ 56 cases.

The nuclei are regular, slightly oval or
round, and posscss a fine, deeply staining
chromatin  network., In many instances
the giant-cell nuclei closely resemblce those
of the synovial cell (Fig. 5, right), but in
other cases they are smaller and more daskly
staining,

Occasionally, the cytoplasm of the giant
cell has a foamy appearance, due to the
Peesence of lipoid droplets. Hemosiderin also
may be present,

The foam cell, or macrophage, is not
& constant feature of giant-cell tumors of
tendon sheaths (Fig. 6, top, left). Frequently,
foam cells occur in sufficient number to
8ve the tumor a yeliow color that has
catsed the tumors to be classified as xan-
9Omas. Foam cells were found in all but

of the 56 tumors: they were rare in 7;
‘l‘;’d they were exceedingly numerous in 4.

sually they appear in small groups, but
m?' may oceur in Jarger masses that domi-
Cellz the cellular pattern of the tumor. These

generally have a granular, foamy ap-
f‘?fance, and the nucler are smaller and
cel;" more deeply than those of the synovial
s (Fig. 6, top, right). Foam cells rarely
3ve more than one nucleus.
Hemosiderin pigment was present in

various amounts in all the tumors in our
series (Fig. 6, bottom, left). This pigment
was chiefly intracellular and was demon-
strated within the stroma cells, the giant
cells and the macrophages (Fig. 6, bottom,
right). Hemosiderin pigment must result
from the breaking down of erythrocytes that
have extravasated into the tissues. Giant-cell
tumors of tendon sheaths are not highly
vascular,

Synovial spaces or clefts occur in giant-
cell tumors of tendon sheaths. These slitlike
cavities are lined by oval or flattened cells,
and occasionally small tufts of these cells
project into the cavities (Fig. 7, left). The
synovial cells line these clefts and, in a way,
imitate the arrangement of synovial cells in
a normal tendon sheath. Clefts were found
in 28 tumors of our series.

In 10 of the 56 tumors, areas of necrosis
varying in size were observed on microscopic
examination (Fig, 7, right ). The presence or
the absence of these areas apparently had
no relation to the size of the tumor.

DIFFERENTIAL DIAGNOSIS

Since giant-cell tumors of tendon sheaths
are the most common subcutaneous tumar
in the fingers, exclusive of ganglions, the
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physician must always consider these tumors
in the differential diagnosis of any subcu-
taneous tumor in the hand. Usually, giant-
cell tumors feel firm and rubbery, in con-
trast with ganglions, which usually feel truly
cystic. If, upon aspiration of the tumor,
some thick, glary, mucinous material is ob-
tained, the diagnosis is unmistakably that of
ganglion. Often, ganglions may also be
transilluminated, revealing their true cystic
nature,

Cavernous hemangiomas seldom are con-
fused with giant-cell tumors, The bluish col-
or of hemangiomas usually is seen through
the skin, and the skin overlying the tumor
may also be involved by the vascular tumor.

A true xanthomatosis seldom presents any
diagnostic problem, since xanthomas are an
integral part of the tendons themselves—
usually the extensor tendons. The blood
cholesterol content is almost always in-
creased in a case of xanthomatosis.

Other tumors, such as myxomas, fibro-
mas, lipomas and rheumatoid nodules usu-
ally require excisional biopsy to ascertain
their true nature,

Giant-cell tumors of tendon sheaths must
not be confused with giant-cell tumors of
bone. The latter tumors usually cause ex-
pansion of the marrow cavity and thinning
of the cortex. When a giant-cell tumor of
tendon sheath involves adjacent bone, there
usually is simple erosion of the bone from
the pressure of the tumor. In rare instances
the tumor may extend into the marrow cavi-
ty, but it does not expand the cortex.

When the cellularity of the soft-tissue
giant-cell tumor is great and there is a large
amount of cleft formation and tufting, it
may be difficult to distinguish between this
neoplasm and synovial sarcoma.

TREATMENT
Since giant-cell tumors of tendon sheaths
are nonmalignant encapsulated growths, they
are best treated by careful total excision.
Adequate anesthesia, either general or local,
and a pneumatic *ourniquet about the upper

arm to ensure a bloodless field in the hand
are the two major factors in the prevention
of recurrence. Often these tumors are lobu-
lated growths; without the adequate visibility
afforded by a bloodless field, the surgeon
may fail to remove a small lobule of the tu-
mor. The apparent capsule of these tumors
has been shown to be infiltrated occasionally
by cells characteristic of the lesion, and, in
following a plane of cleavage, the capsule
may be split, leaving behind some of the
tumor cells,

Care must be taken in the removal of
these tumors to spare the important ana-
tomic structures in the fingers and the hand.
Frequently, the digital nerves may be incor-
porated in the tumor; with careful dissec-
tion, the nerves may be spared (Fig. 8). In
each of three patients of our series, a digital
nerve was encased in the tumor; in all three
complete excision of the tumor could be ac-
complished without sacrificing the nerve. In
none of them was there any preoperative of
postoperative impairment of sensation in th?
finger. X

Occasionally it may be necessary to sacti-
fice a digital vessel. This will cause no circu-
latory impairment in the digit provided that
the digital vessel on the opposite side of the
finger is not damaged.

Local recurrences of the tumor after sur-
gical excision occur rather often. Thann-
hauser and Magendantz!® observed recur-
rences in as many as 37 per cent of the cases
that they reported. There is no time Timit for
recurrence of the tumor; Stewart and
Wright? reported a recurrence 34 years
after initial excision of a giant-cell tumor of
tendon sheath,

If the tumor arises between tendons and
is compressed by them, the neoplastic tissue
becomes adherent to all adjacent structures,
which may render complete surgical removal
difficult. The possibility of recurrence then
becomes enhanced, in contrast with that con-
dition in which the tumor grows out from a
tendon into the subcutaneous tissues.
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Of our 56 cases, adequate follow-up was
obtained in 41 cases, The follow-up period
ranged from 8 months to 10 years. Five of
the paticnts reparted to us with a recur-
rence of a giant-cell tumor of tendon sheath
following excision of the tumor at another
hospital. These 5 recurrent tumors were ex-
cised, and there were no further recurrences.

Eighteen patients had no recurrence §
years or more after the original operation,
Fourteen patients had no recurrence for
from 8 months 10 5 years after the original
operation. In fous patients who underwent
the original surgery at Cleveland Clinic Hos-
pital, recurrences of the tumors developed—
one at 4 months, two at 2 years and one at
4 years after operation, We belicve that it is

safe 1o say that a case in which there is no
recurrence 5 years postoperatively may be
classified as a permanent cure.

When there is recurrence, local excision
of the tumor should again be performed
rather than more radical surgery. Complete
removal of the tumor is facilitated when the
tumor is small; therefore, patients arc urged
to have the tumor removed when it is first
discovered rather than to wait until the tu-
mor increases in size. Rocnigen therapy is
incflective in the treatment of these tumors.

SUMMARY

Exelusive of ganglion, giant-cell tumor of
tendon sheath is the most common subcu-~
tancous tumor in the hand. The tumor is be-

L

Fic, 8.
Intle finge
operation, with the digital nerve already freed from the
feoplasm.,

encasing
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nign, painless, slow growing and, usually, a
nontender neoplasm, Complete, careful, un-
hurried surgical excision is the preferred
treatment. Recurrences after operative exci-
sion are not uncommon, and these recurrent
tumors should be treated by another local
excision, The microscopic features of these
tumors have been discussed. Smce these
giant-celf tumors arise from synovial tissuc,
the term benign synovioma is most aptly ap-
plied to them.
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Tumor a Gellulas Gigaute in le Vaina de Tendine del Mano
{Synovioma Benigne)

Summario in Interlingua

Tumor a cellula gigante in le vaina de
tendne es le plus commun tumor subcutance
del mano con le exception de ganglon 1llo
es benigne, nondolorose, e de lente cres-

cenfia, Usuatmente iste meoplasma es non-
sensibile sub pression. Le complct.e exclsxoxz
chirurgic, efiectuate con meticslositate ¢ pa
tientia, es le tractamento a preferer. Recur-
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rentias pastchirurgic non s incammun ¢ debe
esser tractate per un repetition del excision
focal,

Es presentate un cvalutation de un seric
de 56 tal tumores, Le duo sexos esseva rep-
resentate circa equatmente, Lo majoritate

del patientes se trovava in Jc quarte, le
quinte, ¢ e sexte decennio de lor vitas,

Le examine microscopic monstra que iste
tumores prende lor origine in cellulas syno-
viul. Assi le termino synovioma benigne pare
esser le plus appropriate pro illos,
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Treatment of Slipped Upper Femoral
Epiphysis With Mild Displacement by

Internal Fixa

tion in Situ

ALBERT J, SCHEIN, M.D.*

Ever since Wilson described internal fixa-
tion with a Smith-Petersen nail as a new
treatment for slipped upper femoral epiphysis
in 1938, the surgical treatment of such cases
has become the accepted method of manage-
ment. In the last several years, a number of
relatively large serics of cases from different
institutions in various parts of the world
have been reviewed that attest to the bene-~
fits of such treatment. Not all the methods
of internal fixation have been identical
(Hall, 1957; Klein, Jopln, Reidy, and
Hanelin, 1953; Wilson, 1938 and 1949;
Wiberg, 1948; Jerre, 1950 and 1957; and
Howorth, 1957). The methods of internal
fixation most popular at present include the
Smith-Petersen nail; a thinner, more pointed
nail—the Nystrdm nail—used chiefly in
Scandinavia; multiple threaded wires or
pins; and transepiphyseal autogenous iliac
bone peps. Each method has its advocates.
The results of ali are far superior to the
ofder nonoperative methods in certainty of

* New York, N. Y.

outcome and in reducing disability time and
permanent disability, However, there are
cestain points in the surgical therapy that
remain unsettied. This chapter reviews a
series of cases treated at Mount Sinai and
Bronx Hospitals, New York City, in the last
16 years. Of a total of 46 cases of slipped
upper femoral epiphysis, 29 represented an
early or a moderate slip treated by pinning
in situ. The rest included cases of advanced
chronic slip with marked deformity or se-
vere acute stip with marked symptoms and
deformity involving other methods of thera-
py. It is only with the 29 cases of mild to
moderate slip pinned i situ that this chap-
ter deals,

General statistics of the group are given
in the following table. These are not in any
way unusual ot different from the larger re-
parted serics. This chapter is not concerned
primanly with possible etiology, nor with
diagnosis, but only with treatment, proguasis
and early and late results of treatment.

STATISTICAL ANALYSIS OF CASES

Totat patients
Unilateral ..
Male ,..... FEFROTN
Early slips (pnned en situ} .
Right hip

Total epiphyseal stips.............. vees 46
Bifateral ...... .. . 9
Female ............ ...... ... 7
Acute massive or chronic marked slips, 17
Leftbip ..ovvnvvniii il 24
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Treatment of Slipped Upper Femoral
Epiphysis With Mild Displacement by

Internal Fixa

tion in Situ

ALBERT J. SCHEIN, M.D.*

Ever since Wilson described internal fixa-
tion with a Smuth-Petersen nail as a new
treatment for slipped upper femoral epiphysis
in 1938, the sucgical treatment of such cases
has become the accepted method of manage-
ment. In the last several years, a number of
relatively large series of cases from different
institutions in vatious parts of the world
have been reviewed that attest to the bene-
fits of such treatment. Not all the methods
of internal fixation have been identical
(Hall, 1957, Kiein, Joplin, Reidy, and
Hanelin, 1953; Wilson, 1938 and 1949;
Wiberg, 1948; Jerre, 1950 and 1957; and
Howorth, 1957). The methods of internal
fixation most popular at present include the
Smith-Petersen nail; a thinner, more pointed
naik—the Nystrom nail—used chiefly in
Scandinavia; multiple threaded wires or
pins; and transepiphyseal autogenous iliac
bone pegs. Each method has its advocates.
The results of all are far superior to the
older nonoperative methods in certainty of

* New York, N. Y,

outcome and in reducing disability time and
permanent disability. However, there are
certain points in the surgical therapy that
remain unsettfed. This chapter reviews a
series of cases treated at Mount Sinai and
Bronx Hospitals, New York City, in the Jast
16 years. Of a total of 46 cases of slipped
upper femoral epiphysis, 29 represented an
carly or a moderate slip treated by pinning
in sitt. The rest included cases of advanced
chronic slip with marked deformity or se-
vere acute slip with marked symptoms and
deformity involving other methods of thera-
py. It is only with the 29 cases of mild to
moderate slip pinned in sitn that this chap-
ter deals,

General statistics of the group are given
in the fallowing table. These are not in any
way unusual or different from the Jarger re-
ported series. This chapter is not concerned
primarily with possible etiology, nor with
diagnasis, but only with treatment, proguosis
and early and late results of treatment.

STATISTICAL ANALYSIS OF CASES

Total pattents . 37
Unilateral ., .. .28
Male ..., ..., 30
Early slips (pinned in sitn) 29
Right hip p ........................ 22

Total epiphyseal slips
Bilateral
Female




uniformly in this series by operative means
as promptly as possible (short of emergency
surgery) by internal fixation with a Smith-
Petersen nail. Early mobilization follows, in-
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AGE INCIDENCE

Youngest (2 cases) age........ ... TV years

Oldest ............ .. l6years

Most between ages............ 11 & 14 years

POSTOPERATIVE FoLLOW-UP PERIOD

cluding early ambulation with weight-bear-
ing, usually within 2 weeks after opera-
tion, on crutches, As soon thereafter as de-
sired by the paticnt, after wound-healing is
compl full  weight-bearing  without

Over 4 years.
2-4years ...
1-2years....
1 yearormore....
6-12 months .. .. .
Hospital periodonly......c..c.oinnuunn

DIAGNOSIS

Usually it is easy to make the diagnosis,
even in the early stages, given a high index of
suspicion. When pain and limp related to
the hip or the knee regions of older children
or adolescents occur, and suitable antero-
posterior and lateral roentgenographic study
is made and evaluated carefully, diagnosis
is practically certain,

PROGNOSIS

The only lasting disability in these cases
occurs when shpping has been allowed to
advance with resulting deformity, often as-
sociated with arthritic and aseptic necrotic
changes. These occur almost exclusively in
cases that have been allowed to progress Un-
diagnosed and, therefore, untreated, or in
massive acute slips with marked deformity.
It follows that if the cases can be detected
early before such extensive acute or chronic
slips have taken place and are treated ef-
fectively and permanently in such a way as
to prevent further shp, without inducing
other deformity or disability, the greatest
blow will have been struck against the
permanent crippling disability that may
otherwise result.

OPERATIVE AND
POSTOPERATIVE MANAGEMENT

The cases of mild, and even a few of
moderate, displacement have been treated

)3
crutches or artificial support is permitted.
Usually within 2 to 3 months the boys and
the girls are back on full duties, including
school, games and normal play, though
usually it has been advised that competitive
athletics be avoided for a 6-month period.

A TyricaL CAse

Case 1. R, H., Negro, male, age 13, This
was a case of bilateral mild slip in a boy of the
Frohlch type with a history of 1 to 2 months
of Iimp and pain in both hips. Roentgenograms
taken 1 October, 1949, showed bilateral early
slips of the upper femoral epiphyses (Fig 1).
Bilateral Smith-Petersen nailing was performed
on October 29, 1949, with excellent position and
fixation in both anteroposterior and lateral views
(Fig. 2). The patient was up walking with
crutches and partial weight-bearing on Novem-
ber 11, 1949, Crutches were discarded within
2 to 3 weeks. He was discharged from the hos-
prtal on November 13, 1945. Follow-up showed
uneventful healing without further slip or diffi-
culty. Roentgenogram taken 1 year later (Fig.
3) showed epiphyseal lines almost fused. Clins~
cally, the patient was entirely well, and the hips
were normal

SELECTION OF CASES

Selection of cases for this treatment varies
somewhat in different institutions. It has
been said (Wilson, 1938; Klein ez al., 1953)
that any case in which slipping has pro-
gressed beyond one third of the transverse
diameter of the base of the head in the later-
al view (approximately 1-1¥%2 cm.) is no
longer suitable for pinning in situ. In this
series, several cases were pinned in which
deformity had progressed beyond this point.
In a few, subtrochanteric ostcotomy was
contemplated later after termination gf
growth and fusion of the epiphysis. This
proved uniformly to be unnecessary by the



Operative and Postoperative Management 157

- OCT 1949

Figs. 1 to 3, Case 1, age 13. A routine case of early bilateral upper femoral epiphyseal
shp. Fio. L. (Left) Anteroposterior and (right) lateral preoperative roemtgenograms.

Fic. 2, Early p

ative r

tNav 999"

good clinical result after a year or more,
even in cases in wiuch the degree of slip
had reached between one third and one half
of the transverse width of the base of the
head. The complete relief of pain and spasm,
despite presence of slight shortening and
some restuction of motion in internal rota-
tion, did not warrant further surgery. Even
foss of internat rotation and some flexion,
unless extreme, may be treated, according
to Heyman et al. (1957), by excising the
anterior bump formed by the angle between
the neck and the displaced head without loss
of continnity by osteotomy and without risk
of aseptic necrosis, Thus, in this sertes, all
cases of slipped upper femoral epiphysis
were pinned i site unless they had slipped

grams showing il
(Lefty Anteroposterior view. (Right) Lateral view.

fixation and position.

. SEPT 1950

F1a. 3, Anteroposterior view 1 year
fater showing no change in position or fix-

ation and early

obliteration of th, is
physeal line. ©
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more than one third and almost one half
of the head diameter. Hall (1957) has
found similar results in slips up to one half
of the head diameter.

TECHNICAL DETAILS OF PINNING

The technical details of the pinning are
important. A guide wire is introduced re-
peatedly if necessary, and the position is
checked by roentgenogram in two planes
until it is proven to have passed through the
neck and into a substantial part of the head.
This is more difficult than directing a similar
wire in fracture of the hip in an adult. The
more the head has slipped backward and
downward, the less target there is for ac-
curate placement of the wire both in the
neck and into the head. If it follows the cen-
ter of the neck, it must enter the anterior
part of the head. If much slip is present and
the wire enters the center of the head or the
posterior portion, it may miss part of the
neck altogether. In part, this may be avoided
by starting the guide wire well anteriorly on
the femur below the trochanter and directing
it somewhat obliquely backward in the neck
to enter the head. On the other hand, it does
not require as much of a hold on the head
by the nail to render the fixation secure. The
solidity of the bone in these children and the
partial connection of the femoral head to
the neck are such that even a small penetra-
tion of the nail into the anterior portion of
the head—as much as 1 cm.—suffices to
get adequate internal fixation so long as the
nail is not overgrown. Of course, the deeper
the penetration that can be obtained to the
center of the head without perforating the
joint or the acetabulum, the longer will it
take the growth of the upper femoral epiphy-
sis to overgrow the nail, so that this is the
aim of insertion.

COMPLICATIONS

Compli may be di d under

several headings.
Overdrive of the Nail
It has been stated that overdrive of the

10N,

nail may result ultimately in arthritic and
aseptic necrotic changes. This overdrive oc-
curred in two of the author’s cases without
any untoward end-result,

Driving Away of the Epiphysis

The driving away of the epiphysis from the
femoral neck by the nail has been described
by Wilson (1949), by Jerre (1950) and by
Hall (1957). It did not occur in any case
in this series; the only time that this com-
plication was encountered was in a case of
acute severe slip that had been reduced by
manipulation and then nailed a week later.
Even then, the diastasis caused by the hyper-
abducted, or valgus, position of the head
filled in as described by Jerre with a good
end-result. In mild and moderate slip cases,
without acute superimposed slip, the nailing
itself caused no tendency to separate the
head and the neck in this series. Jerre
(1957) described five cases of this complt-
cation, with the diastasis measuning 5 mm.
to 1 em. in one case, treated by early
weight-bearing with early disappearance of
the diastasis and good end-result. Hall
(1957) described two such cases without
loss of a good end-result.

It is because of this that the Nystrom
nail or the threaded pins of Moore or simi-
lar type has been suggested. The author has
not found them to be necessary in the type
of case under discussion. However, he be-
lieves that such pins have a place in pinning
cases of massive acute stip, where they may
be drilled in after reduction rather than ham-
mered in. They also have a place in ﬁxat?on
when cervical osteotomy and open reduction
have been done. The difficulty of p]acing at
least three such pins in the narrow target of
the neck and the anterior femoral head with-
out penetrating the joint or the acetabulum
has prevented the author from using this
method routinely in the chronic early or
moderate slips.

Slipping Back of the Nail

The slipping back of the nail, once it is
placed, is another possible complication
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mentioned by Jerre (1957). In his series of
79 eases he found twelve in which such
“gliding” took place. 1n seven, this was
enough to lose fixation, Three had to be re-
operated upon to reintroduce a nail, while
one slipped later with a poor result that
required osteotomy, The others were near
the end of growth by the time the stip was
noted, and nothing had to be done. In the
author’s serics, such slipping occurred in a
single case, where the nail had been over-
driven and had to be replaced at the primary
operation by a stightly shorter one in the
same channel, This resulted in a slight back
slip, not sufficient to endanger the fixation,
and the end-result was excelfent. This com-
plication indicates the importance of meas-
uring the length of the nail accurately and
confirming the exact position of the guide
pin so that the nail docs not have to be with-
drawn, Tts best fixation in the cortex of the
femoral head may be lost by such with-
drawal and reinsertion,

Growth Beyond the Nail

This is another possible complication of
treatment, and it is especially important if
the patient is in the younger-age grovp with
much epiphyseal growth r g in the
femoral epiphyseat plate. Klein et al, (1953)
reported six cases in which this occurred
(out of 55 early slips noted). Their young-
est was 11 years and 8 months old at pin-
ning, None of them came to any harm
in the remaining growth period, which was
relatively short by the time the overgrowth
occurred. Jerre reported four cases of this
type in which overgrowth was enough to
leave the nail entirely out of the head. In
two of them, near the end of the growth
period, nothing had to be done. In the
other two, the epiphyseal fine was said to be
still open, and they underwent reoperation.
In the author's series, which is unusual in
that it incladed two very young children
aged 744 at the time of pinning and one other
aged 11, 2 total of three hips have shown
overgrowth of the nail so that the nail no
longer is in the head at all. The fourth, in a

bilateral case, will probably soon overgrow.
In none of these has any trouble resulted,
though one is still in the growth stage, and
there may be potential danger, The first,
aged 7% at the time of pinning, was fol-
lowed 10 years until the growth of the cpi-
physcat fine ended. It was 4 years after
pinning that overgrowth was noted, but no
further treatment was given, though he was
only 11%2 at the time. No difficulty occurred,
and the cpiphyseal line fused normally there-
after,

Case 2, 1. G,, white, male, aged 7%. This
boy was first admitted on December 1, 1943, be-
cause of limp and pain on running refated to the
Hift hip. Roentgenogram showed early widening
of the metaphyseal epiphyseal plate region on
the anteroposterior and very early slip on the
lateral. Because of his age, he was treated in a
hip spica for 234 months and was discharged
because of intercurrent measles. When read-
mitted, the diagnosis was even mote clear by
roentgenogram, and Smith-Petersen nailing was
done on February 23, 1944, He was allowed to
bear weight 2 weeks postoperatively, and he dis-
carded crutches within a few weeks. He was

b ly free of symp (Figs. 4 & 5).
Roentgenograms were made at intervals as
growth continued. Four years later, overgrowth
had occurred so that the nail was just proximal
to the epiphyseal line (Fig. 6). Despite this,
possibly due to beginning bone growth across
the line as the nail receded, there was no further
stip, nor any late symptoms. Ten years later,
roentgenographic study (Fig. 7) showed final
obliteration of the epiphyseal line, the nail at
feast %2 inch distal to the epiphyseal line, and

position and alig in a hip without
any clinical abnormality.

In summary, this boy of 7% overgrew the
nail but not until he was past 14, when little
epiphyseal growth remained. He had no further
shp and made an uneventful recovery,

Case 3. J. G., white, male, aged 11, This
boy was admitted on May 23, 1951, complain.
ing of increasing pain in the right hip following
a fall { month before. There was himp and re.
striction of motion of the right hip. Roentgeno-
gram showed a typical early slip of the right
upper femoral epiphysis (Fig. 8), The hip was
pinned by Smith-Petersen nail on May 25,1951,
The patient was discharged walking on crutches
on the tenth postoperative day (Fig. 9). When
last seen, on Aprif 2, 1954, about 3 years later,
he had grown a great deal in height, being then
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Fres. 4 to 7, Case 2, a boy aged 7% at onset of clinical symptoms. (Left) Antero-
posterior view of early slip of left upper femoral epiphysis. This shows only slight
widening of epiphyseal line and metaphyseal irregularity. (Right) Lateral preoperative
roentgenogram.

Fi6. 5. Early postoperative roentgenograms showing excellent fixation and penetra-
tion of the nail (Left) Anteroposterior view. (Right) Lateral view.

FIG. 6 Three years after operation. (Left) An!eropostgrior view. There has been
overgrowth of the nail, the mnner end of which s at the epiphyseal hne. "_\Ithough the
latter appears to be thm, 1t 1s still 1n a stage of growth. (Rught) Lateral view.
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TFEBR. 1954 .
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Fic. 7. Ten years after operation.

Y
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(Left) The nal has been completely overgrown.

The cpiphyseal linc is obliterated on both sides but is more dense and more completely
ossified where the nail penetrated it. (Right) Lateral view 10 years after operation
showing the same earlier and more complete osseous bridging at the site of perforation

of the epiphyseal line.

Fucs. 8 to 10, Case 3. Boy, aged 11.

Fic 8. (Left) Anteroposterior view preopera-

tively of the right hip shows early epiphyseal slip of upper femoral epiphysis. (Right)

Semilateral view at the same time.

over 14 years of age. There were no symptoms
related to the right hip, but there was a tendency
for it to flex in slight external rotation. No
actual restriction of motion was present. Roent-
genogram (Fig. 10) showed that overgrowth
had occurred so that the nail end lay at the
epiphyseal line and was no Ionger in the femoral
head. However, the upper femoral epiphysis
looked fairly well closed, and it was considered
that there was no danger of further slip. The
opposite hip showed the epiphyseal line to be
thin but open, so that the right had fused some-
what prematurely. Nevertheless, no shortening
had resulted.

The last of these, a bilateral case, is now
11 years old and has overgrown the nail on
the first side, 214 years Jater, while the side
that underwent operation later is still fixed by
the nail into the head part way. It, too, will
soon be overgrown. Clinically, this boy is
free of symptoms, but this cannot yet be re-
garded as an end-result; there is a possibility
of further surgery, as the epiphyseal plates are
still open.

Case 4. B. R., white, male, age 74 at first
admission. This boy was first admitted with a
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Fic. 9. (Left) Early postoperative rocntgenogram, anteroposterior view, showing
excelient fixation and position of Smith-Petersen nail. (Right) Lateral view, early post-
operatively, showing full penetration of the natl.,

> arrn 1954

FiG. 10. Three years later. Anteropos-
terior view shows overgrowth of the nail
However, at age 14 the epiphyseal lines
are almost closed, even on the unoper-

ated side  On the slipped side the epi-
physeal line is obliterated.

left-sided Itmp of 2 weeks duration, Clinical
and roentgenographic examination indicated an
early slip of the upper femoral epiphysis. He
was pinned i sun on Navember 29, 1954 (Fgs.
11 & 12). The yostoperative course was un-
eventful, and he as discharged weight-bearing

with crutches on the twelfth postoperative day.
Crutches were discarded 3 to 4 weeks later, and
the hip has ined entirely asymptomatic ever
since  However, during observation and re-
peated checkups, the patient's parents were in-
formed of a possible sipping of the other (right)

hip.

}Z)n May 20, 1956, the boy was readmiltegi,
then 9 years old, because of new Itmp and pain
in the right hip. Roentgenogram (Fig 13)
showed a very early slip on the lateral view of
the right hip, and considerable overgrowth of
the left hip, so that the end of the narl was on!y
% inch into the femoral head. The second hip
(right) was pinned on May 21, 1956. The pa-
tient was ambulatory on crutches 10 days post-
operatively and discharged walking Withm 6
weeks the crutches were discarded, and further
convalescence was uneventful.

In September, 1956, almost 2 years after the
pinning of the left hip, he was seen for transient
Jimp related to this region. By that time the
nail had overgrown so that a roentgenogram
showed the nail almost entirely in the femoral
neck with only a corner in the head (Fig. 14).
No additional slip of the epiphysis could be seen.
After consultation, in which surgery for replace-
ment with a longer nail was considered, he was
watched closely. The limp and the pain disap-
peared completely. When last seen, on Septem-
ber 19, 1957, he had grown a good deal. He
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Fics. 11 to 15, Case 4, a boy of 7% at the time the slip of the left upper femoral
epiphysis was first noted. FiG. 11 (Left) Anteroposterior and (right) lateral preopera-

tive views.

Fic. 12, Early postoperative pinning of left hip. (Left) Anteroposterior view showing

excellent placement and penetration (Right) Lateral view.

Fic 13. (Left) Anteroposterior view 112 years later. Early slip noted on right side.
On the left, overgrowth of the nail is accursing, but it is still partly in the femoral head.
(Right) Lateral view of both hips showing the same status 134 years after pinnin; 0%
the left hup and early slip on the right. ¢
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Fio. 14, (Left) Early postoperative anteroposterior roentgenogram after pinning the
right hip 4 months previously and the left hip 22 months before. There has been
further overgrowth on the left. The nail lies with its inner end at the epiphyseal line.
At this time some limp on the left had occurred. (Right) Lateral view of both hips
at the same time as at lefr. Note some sclerosis and bone formation in the track of
prior penetration of the nail on the left in the femoral head adjacent to the epiphyseal line.

F1c. 15 (Left) One year after Figure 14 The boy is now 11, and it is 34 months
and 16 months, respectively, since the pinnings on the left and the right hips were done.
Both epiphyseal lines show growth. On the left, the nail is within the neck, Note
sclerosis along track in head. (Right) Lateral view at same ttme as at left showing the
same findings. Note on the left that some bone bridges the epiphyseal line, rendering
it safe from further shp, although not stopping growth noticeably,

the epiphyseal Iine from head to neck, thus in
all likehthood preventing further slip,

Though fully active, further observation was
suggested by roentgenograms and clinical exam-
ination until full growth should be reached

was entirely free of symptoms in both hips. The
- legs were equal 1n length. Motion 1n both hips
*was normal  Roentgenograms (Fig. 15) showed
that, on the left, the nail was completely in the
neck but that bony trabeculations now crossed

~.
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Itis in this group of very young cases that
definitive Tusion of the epiphyseal Yine by
bone pegs, according to Howorth, may ob-
viate the worry over n Jater slipping after
complete overgrowth of the nail. However,
it must bz recognized that this would be nt
the expense of growth which, in a very
young child, may result in ¥2 to 1 inch
of shortening, as well as a more prolonged
convalescence and the nccessity of an
intra-articular  operation  with its attend-
ant risks. It would seem to be preferable to
fix the slipped cpiphysis by nailing as usual
and to watch carcfully for symptoms or
signs of recurrence, when surgery to cxtend
or to replace the nail might become neces-
sary.

There is an additional rationale for not
operating in spite of overgrowth of the nail.
Siffert (1956) described the effects of longi-
tudinal transfixion of an epiphyseal line by a
wire in rabbits, This did not stop epiphyseal
growth, but as growth occurred, the path
made by the wire was replaced progressively
by new bone. It has been noted clinically
that single, longitudinal, central penetration
of epiphyseal plates by nails or wires does
not produce cessation of bony growth. In
this series, as in others, the epiphysis has
continued to grow. This depends on the pa-
tient's age and nearness to the end of
epiphyseal growth. It is true that in more
severe epiphyseal slips, premature union at
the epiphyseal line has occurred. Wilson
(1949) felt even that the nail expedited
such union, so that epiphyseal fusion would
occur earlier than expected. However, it ap-
peats that in mild chronic slips, such early
union does not follow and that epiphyseal

growth continues for the usual time. But, as
the epiphysis overgrows, formation of a
channel of penetration by the mail will re-
i:‘:em (‘)lssiﬁcati_on in the channel bridging
5\1Pp'xpnlp ]}:seal lx.ne and thus prevent further

g, like primary bone-grafting, This is

f‘::b“"_‘y the reason that further slipping of

ovcrgg\)\}lll{lm has not occurred in spite of

of the nail during the active

growth period in the author’s cases. It also
suggests that in the younger-age groups,
where this may be a factor at the time of
insertion of the mail, additional drill holes
should be made across the cpiphyscal plate
to hasten additional bony bridges, while
maintaining good fixation by the nail. Thus,
by the time overgrowth has occurred, the
cpiphysis should be fully united or stabilized
on the femoral neck without risk of further
slipping.
Late Subtrochanteric Fracture

This occurred in one case in the author’s
scries, It was the result of considerable vio-
lence in football. Usually it can be treated
by applying a McLaughlin plate to the
Smith-Petersen nail for internal fixation of
the new fracture. Some believe that this is
an indication for routine removal of the nail
after epiphyseal growth has stopped and the
nail no longer serves its purpose. The author
has not done this routinely, reserving re-
moval for those in whom symptoms of irri-
tation about the nail have occurred.

Late Aseptic Necrosis or Arthritis

This also has been observed (Hall, 1957)
in 5 per cent of slipped epiphyses of a
mild degree pinned in sitie. It has not taken
place in any of the cases followed long
enough in this series, although it is possible
that it may have in a few not followed
long encugh.

OrTiMUM TIME FOR WEIGHT-BEARING

There is still some disagreement as to
when weight-bearing should be permitted
after operation has been performed. In
1956, Scott, in a review of the literature,
said that, after the Howorth procedure or
the pinning according to Wilson, he forbade
weight-bearing for approximately 3 months
and restricted activities for another 3
months. Others have held that early weigh-
bearing on crutches within 2 to 3 weeks was
permissible and that crutches could be dis-
carded within 1 month (Klein et al.). Jerre
(1957) permitted early weight-bearing
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within 2 weeks postoperatively. Hall (1957)
found no cause for regret in early weight-
bearing (2 weeks) either after Moore pin
fixation or Smith-Petersen nailing, provided
that no change in position had occurred by
rotation, traction or manipulation. In such
cases, where the position has been changed,
weight-bearing should be deferred for 2 to
3 months. Cleveland et al. (1951) allowed
weight-bearing with a brace to prevent ex-
ternal rotation.

In the author’s cases, with the exception
of special instances in which wound healing
was complicated by hemorrhage or drainage,
or the one case in which the nail slipped
back, early weight-bearing was allowed with-
in 2 to 3 weeks. This is the usual time
for wound healing to become well estab-
lished. Although this began with crutches, it
progressed rapidly to unsupported weight-
bearing within an additional week or two,
so that by a month or 6 weeks most pa-
tients were walking without external sup-
port. The author feels that no harm came to
any of these patients. No further slip, loss of
fixation or arthritic change was demonstra-
ble. This is one of the great advantages of
Smith-Petersen nail fixation—convalescence,
and hospitalization with its attendant ex-
pense, are reduced to a minimum. Thus,
there seems no reason to defer weight-bear-
ing and early resumption of all but the most
strenuous athletic activities. This has been
done and is stull being done in some insti-
tutions. There is no need for bracing.

SUMMARY AND CONCLUSIONS

1 A group of 29 cases of early and mod-
erately advanced chronic slip of the upper
femoral epiphysis has been reviewed These
were treated almost uniformly by pinning
with a Smith-Petersen nail and early weight-
bearing,

2. In general, the results have been excel-
lent, consistent with the degree of shp at the
time that the diagnosis was made. Cases
showing slips up to almost half the diameter
of the base of the head in the lateral view
have done fairly well clinically without addi-

tional surgery, although the future develop-
ment of arthritic changes may still vitiate
late or adult life end-result. Certainly any
slip of one third of the diameter of the base
of the head or less may be nailed safely in
situ,

3. The complications have been reviewed
and compared with similar findings in the
literature. The incidence, the management
and the prognosis have been considered.

4. Early weight-bearing at 2 to 3
weeks after operation is definitely permissi-
ble after such pinning, provided that there is
no change in the position of the slipped
epiphysis obtained by reduction. In a few
cases in the literature, even where a slight
diastasis had been produced between the
head and the neck, if good position and
fixation were obtained by the nail, early
weight-bearing was still considered to be
helpful in closing the diastasis without risk.

5. Incidence of aseptic necrosis and ar-
thritic change, at least in the early years after
such treatment, is negligible in this type of
case.

6. Follow-up of several cases occum'.ng
in very young children at the time of pin-
ning shows that overgrowth of the nail, w.nh
lost internal fixation, need not jeopardize
the end-result. A filling-in of the nail tract
by new bone produces a living bone graft
across the epiphyseal line. This gives enough
fixation so that further slipping is unlikely,
even though growth continues and the
epiphyseal line remains open for some years.
However, in view of verbal reports of such
Iate slipping after overgrowth, none of which
has been found in this series or in the litera-
ture, it would seem to be adwisable to dnll
across the epiphyseal plate at the time of
fixation to encourage earlier union, and. to
follow cases carefully to detect any possible
need for replacement with a longer nail.

7. The author’s results are similar to a{ld
consistent with the reports of other series
treated identically. This method of manage-
ment is preferred for the slow, early or mod-
erate slipping epiphyses.
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Bilateral Anterior Fasciotomy for the
Correction of Persistent Lordosis in Children

Duncan C. McKEEVER, M.D.*

Fasciotomy of the iliotibial band has been
recommended by Ober and others for the
relief of low-back pain. I had occasion to
see it carried out for this purpose in a large
series of cases done with Doctors Dickson and
Diveley in the middle 30’s. In many patients
a great deal of relief was afforded, but ob-
servation of these cases led me to the con-
clusion that, in most instances, this relief
was afforded by the correction of persistent
lordosis. Anatomically, the iliotibial band
varies somewhat in its location in relation to
the greater trochanter. It is described as
being 70 per cent anterior to the trochanter,
20 per cent over the trochanter, and 10 per
cent posterior to the trochanter in the stand-
ing position. In any location it must slide
back and forth over the trochanter in normal
locomotion.

At times the iliotibial band is so tight that
it moves over the trochanter with difficulty,
resulting in the condition known as snapping
hip. This condition 1s easily relieved by
fasciotomy.

Occasionally one sees a child in whom the
normal infantile lordosis persists past infancy
and well into adolescence. Most cases re-
spond satisfactonily to corrective exercises;
some, however, do not. If a supine child is
able to flex his trunk to the erect position
without the help of the psoas muscles, it
should be possible for him to modify mate-

* Houston, Tex.
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rially, and probably completely correct, his
lordosis. If a child is able to do this exer-
cise 50 times, and if he has persisted in the
exercise for several months and the lordosis
is uncorrected, some anatomic abnormality
must be acting as a passive force to maintain
this position. A few of these children will .be
found to have a very tight fascia lata with
the iliotibial band anterior to the trochanter
in the standing position. Tests for tension ot
the fascia lata are of little significance. The
only observation that is of significance is the
palpable tension in the fascia lata in the
standing position, This can be felt by pal-
pating the sides of the thighs just above the
knees. In these cases the posture can be
altered radically by an anterior fasciotomy.
The procedure is as follows:

With the patient supine, the legs are
crossed at the ankles with the leg to be
operated upon first underneath. The patient
then is draped, and a small incision is made
running laterally and distally about 1%
inches from a point just below the antero-
superior spine of the ium, It is possible 10
retract the skin edges so that a complete
dwvision of the fascia lata can be done. l‘ﬂ
these cases the extreme tension of the fascia
lata can be felt by trying to pass a finger
between the the greater trochanter and the
tliotibial band. In many cases the band is
so tight that this is impossible. The fascia
lata is divided both under and over the ten-
sor fascia femoris muscle. The fascia under
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Bilateral Anterior Fasciotomy for Correction of Persistent Lordosis

coxas justo supra le genu, semper con le
patiente in position erecte. In tal casos le
postura pote esser alterate radicalmente per
fasciotomia anterior.

Le processo operatori es le sequente: Le
patiente se trova in decubito dorsal, con Je
gambas cruciate al cavilias, Le gamba que
debe esser operate primo es placiate in
supra, Un micre incision es effectuate justo
infra le spina antero-superior del ilion. Per
retraction del pelle, un adequate fasciotomia
pote esser effectuate via un incision de non
plus que un pollice ¢ medie in longor. Le
tension extreme del fascia late in tal casos
pote esser demonstrate si on tenta inserer un
digito inter le trochanter major ¢ le tracto
iliotibial. Le operation continua per divider
le fascia late a ambe lateres del musculo
tensori del fascia femoral retrorsemente

usque a un puncto justo posterior al tro-
chanter major. Omne le septos intermuscu-
lar e le tense structuras fascial anterior al
articulation coxal es dividite, Nulle musculo
es dividite, Hemostase es effectuate, ¢ le
incision es claudite superficialmente.

Alora le gambas es cruciate con le altere
gamba in supra, ¢ le mesme procedimento
es effectuate al latere opposite. Le accom-
paniante illustrationes demonstra le grado
de alleviamento obtenite e Je correction del
lordosis possibile durante que le patiente
jace super Ie tabula.

In le opinion del autor, iste operation
deberea esser interprendite in juveniles qui
non responde al correction postural € in
seligite adultos con passivemente incorrigi-
bile Jordosis de grado extreme.
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The Carpal Tunnel Syndrome

RaDFORD C. TANZER, M.D.#

The carpal tunnel syndrome, also called
median neuritis or compression neuropathy
of the median nerve at the wrist, is a dis-
abling disease characterized by episodes of
burning, aching pain involving one or both
hands, intensified during the early morning
hours, and responding dramatically to re-
lease of median nerve compression by divi-
sion of the roof of the carpal canal.

In 1880 Putnam' collected 31 cases of
nocturnal median nerve paresthesia; in 1913
Marie and Foix'® described an autopsy pre-
senting bilateral thenar atrophy associated
with neuromata just proximal to the trans-
verse carpal ligament. More recently, arti-
cles by Cannon and Love,! Brain, Wright
and Wilkerson,® Kremer, Gilliatt, Golding
and Wilson,® Phalen and Kendrick,13
Tanzer!9 and others have cast light on the
etiology of the disease and have established
itas a clinical entity.

THE CLINICAL PICTURE

The hard-working middie-aged female
seems to be particularly prone to develop
Symptoms, though a sudden change to more
sttenuous manual labor may precipitate
attacks in either sex. More than half of the
Patients fall within 30 and 50 years of age.
Bilateral involvement is noted more fre-
Quently in the so-called spontaneous type, in
which no traumatic background is elicited,
Whereas cases with structural changes in the
_

* Hanover, N, H.

carpus or the base of the radius due to
trauma are usually unilateral.

Numbness, and paresthesia described as a
tingling, burning, prickling or painful sensa-
tion, are present in part or all of the median
nerve distribution in the hand; they occur in
almost all cases and occasionally radiate into
the forearm. Sometimes there is a feeling of
swelling or tightness in the affected fingers.
Nocturnal pain, which is a prominent fea-
ture in most cases, usually appears several
hours after the patient has retired, awakens
him from sleep, progresses during the night
and is relieved somewhat by allowing the
hand to drop over the bedside or by shaking
it. With morning activity symptoms usually
diminish, but occasionally they will return
when active use of the hand is resumed.

As the condition progresses, about half of
the patients develop evidence of thenar mus-
cle weakness. Skilled finger movements are
lost, and objects are dropped inadvertently.
Use of the hand becomes progressively lim-
ited until, eventually, the patient reaches a
level of reduced manual activity at which
he may function rather uncomfortably for
years. Coldness of the fingers has not been a
conspicuous feature in most reports, but it
has been prominent in both Kendall’s? and
Tanzer's!? series.

Objective findings are all explainable on
the basis of median nerve compression within
the carpal tunnel. Thenar atrophy may in-
volve the abductor pollicis brevis, the flexor
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Fia. 1. Case of car-
pal tunnel syndrome
showing shelf " atrophy

pollicis brevis and the opponens muscles;
when the two first muscles alone undergo
wasting, the characteristic shelflike contour
of the radial aspect of the thenar ridge ap-
pears (Fig. 1). Simpson'® has carried out
electromyographic studies of 15 cases of
carpal tunnel syndrome and has demon-
strated slowing of conduction of impulses
applied to the median nerve at the wrist and
picked up through electrodes placed in the
abductor pollicis brevis and the opponens
muscles. Repetitive firing of motor units
after single shock stimulation appeared in
7 cases. The study is insufficient to warrant
a quantitative appraisal, but he feels that the
test may be helpful in evaluating doubtful
cases. Conduction deficit in this disease has
been confirmed by Stein,s

Clinical examination elicits evidence of
sensory deficit in only half of the cases, a
less frequent occurrence than one would sur-
mise from the almost universal history of
numbness. Hypesthesia, when present, is
confined to the median nerve distribution,
the middle finger bemng involved most fre-

of thenar ridge.

quently and persisting longer after surgical
correction in this finger than in the others.
Tinel's sign, consisting of a tingling sensation
in the hand elicited by percussion of the
median nerve at the level of the wrist, or
carpus, is somewhat equivocal, Kremer ef
al® having found it present infrequently,
whereas Phalen and Kendrick!? dcmox}-
strated its presence in 89 per cent of their
cases, Tenderness may be produced by pres-
sure over the carpal canal, or a mass may b.e
palpable along the course of the nerve proxi-
mal to the ligament when the disease has
progressed to the stage of pseudoneuroma.

Gilliatt and Wilson® have devised a tourni-
quet test that they consider to be valuable
in diagnosing borderline cases. In n.orm.al
circumstances, blocking of the circalation in
the arm produces tingling either on the ulnar
side or diffusely throughout the hand, b.ut
almost never solely in the median nerve dis-
tnbution. In cases of carpal tunnel syn-
drome, a positive tourniquet test is evidenged
by aching and paresthesia in the median
nerve field; this occurs within 60 seconds of
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application of pressure and spreads occa-
siomally above the wrist, lasting 7 or 8 min-
utes and reproducing exactly the patient’s
nocturnat discomfort. In several subsequent
reports by other authors this test has proved
to be less conclusive,

Phalen and Kendrick® have described
“wrist-flexion” test that they have found to
be a helpful diagnostic aid. Mai of
acute flexion of both wrists for 60 seconds
peoduces a prompt intensification of aumb-
ness and paresthesin in the median nerve
distribution, with immediate tetief or symp-~
toms when the wrist is returned to a neutral
position. They report the test as positive in
75 per cent of their patients.

Typical cases are not easily confused with
other diseases, particularly when nerve com-
pression is related to some demonstrable
pathology such as an old carpal fracture or
hypertrophic  arthritis.  However, when
atypical symptomatology presents jtself, par-
ticularly with upper-arm discomfort, one
should consider three more common condi-
Sions, i.c., cervical arthritis, ruptured cervical
intervertebral disk and scalenus syndrome,
as well as the less hikely possibilities of spinal
cord tumor, syringomyelia, demyelination
flisense and polyneuritis. One must also bear
in mind that compression neuropathy of the

MEDIAN

THENAR

median nerve is not confined to the carpal
tunnel itself. Bell and Goldner? and Kopell
and Thompson® have described cases in
which compression has been demonstrated
in the palm of the hand, at the point at which
the median nerve pierces the two heads of
the pronator teres muscle and in the vicinity
of the medial supracondylar ridge of the
humerus.

PATHOLOGY

A glance at a cross section of the carpal
canal demonstrates the vulnerability of the
median nerve to pressure changes (Fig. 2).
The carpal bones are tightly joined to form
a trough transmitting the long flexor tendons
of the hand and the median nerve. The
trough is transformed into a canal by the
transverse volar carpal ligament, a firm,
unyielding structure attached principally to
the pisiform and the hook of the hamate on
one side and to the tubercle of the navicular
and the crest of the greater multangular on
the other. As viewed in cross section, the
carpal canal is roughly triangular with
rounded angles, the apex of the triangle being
directed to the radial side and containing
the flexor pollicis longus tendon. The median
nerve lies in close apposition to this tendon
on 1ts valar and ulnar aspect, while the eight

NERVE TRANSVERSE CARPAL LIGAMENT
MUSGLES*~\<:::::T-‘-_‘""'"""““~ ULNAR ARTERY
= AND NERVE
S
)

211 HYPOTHENAR
HUSCLES

Flo. 2. Cross section of wrist through transverse carpal ligament,
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flexor tendons of the fingers occupy the
larger ulnar component of the tunnel. The
median nerve is encased in a cellulo-adipose
layer, fixing the nerve rather firmly to the
walls of the tendinous bursa.®

It is in this region that changes can be
demonstrated at operation. Varying degrees
of nerve compression occur, but they are not
necessarily proportional to the severity of
symptoms. One of the carliest evidences of
compression is a mild, segmental edema
of the median nerve in the proximal third
of the tunnel, sometimes combined with slight
hyperemia of the perineural membranes
(Fig. 3). More pronounced cases present
an actual, well-localized constriction of the
nerve, usually at the same Ievel, and may or
may not be combined with a pseudoneuroma
(Fig. 4). The latter may consist of a fusi-
form swelling of the nerve just proximal to
the proximal edge of the transverse carpal
ligament, or it may be pear shaped, the
larger component lying proximal to the canal
while the smaller part tapers into jts proxi-

mal third. When constriction of the nerve
is pronounced, atrophy of the nerve distal
to the constricted point is found and lends
a poor prognosis so far as complete return
of function is concerned.

Michaelis?* described thickening and ne-
crosis of the transverse carpal ligament in
one case, a finding not reported by other
authors. A careful comparison of measure-
ments of the carpal ligament in cases of
carpal tunnel syndrome and in routine autop-
sies has failed to reveal any significant varia-
tion in thickness between the two groups.'?
One sometimes notes diffuse adhesions of
the investing perineural and peritendinous
tissues that display a lack of their normal
luster. In other cases one finds well-devel-
oped tenosynovitis with inflammation and
edema of the bursal lining and an excessive
accumulation of synovial fluid that occasion-
ally may be identified by palpation as a
tense, fluctuant tumor on the volar aspect of
the wrist.

If the entire contents of the carpal canal

Fic 3. Mild type of carpal tunnel syndrome, showing edema of median
nerve (indicated by arrow) and lack of normal luster of perineural membrane.
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Fio, 5. Solid line
represents imtial inci-
! sion for exposure of
carpal canal. Extension
along broken line will
permut further exposure
of median nerve if in-
dicated.

to some degree, by administration of estro-
gens.

Phalen and Kendrick®® have concluded
that spontaneous compression of the median
nerve is caused by thickening of the flexor
synovialis within the carpal tunnel, as borne
out by microscopic studies that revealed
chronic inflammation consistent with rheu-
matoid synovitis in one third of their cases
and a nonspecific fibrosis in the remainder.
In our earlier studies we also were under the
impression that fibrosis of the bursal mem-
branes was almost always present, but a
subsequent study of the carpal canal in a
series of unselected autopsies?® has led us
to the conclusion that mild degrees of fibro-
sis are a common finding in any carpal
tunnel.

Many observers feel that the inciting fac-
tor in spontaneous nerve compression is the

ption of »med manual work
Brain and his co-workers? are convinced that
extension of the wrist is the significant mo-
tion, and they have carried out experiments
involving the insertion of tambours in the
carpal tunnels of cadavers that scem to indi-
cate that intraluminal pressure is increased
threefold by wrist extension. They suggest

that vascular degeneration in middle life
increases the ischemic effect upon the nerve
of pressure that would be harmless in
younger individuals. Kendall,” in a caref.ul
study of the carpal canal, concurs with Brain
that dorsiflexion of the wrist is the significant
inciting motion and explains the compression
on the basis of muscle action. He notes that
constriction of the contents of the canal
occurs when tension is exerted on the Jong
digital flexors with the wrist held in dorsi-
flexion. This compression is increased sup-
posedly by contraction of the wrist flexors if
the wrist is held in extension. Abbott and
Saunders,! on the other hand, have demon-
strated that solutions of Berlin blue and
Lipiodol can be passed easily down the
median nerve sheath when the wrist is held
in extension, but that an injection of the
liquid medium is blocked by acute flexion of
the wrist. Meadoff!! has obtained similar
results by attempting to pass Lipiodol from
the forearm to the hand through the carpal
canal.

One factor that has failed to command t.he
attention of virtually all writers dealing with
the clinical aspects of this subject is the com-
pressive effect on the median nerve produced
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by simuitancous and forceful flexion of the
wrist and the fingers, This observation is
based on a simple anatomic concept: when
the fingers are fiexed with the wrist i exten-
sion, the flexor tendons are squeezed against
the posterior wall of the carpal tunnel; on
the other hand, flexion of the fingers with
the wrist flexed compresses the median nerve
between the tight flexor tendons within the
canal and the transverse carpal ligament with
a force proportional to the degree of grasp
exerted by the digits. A review of our own
cases, as well as the reports of others, has
fmpressed us with the frequency with which
one obtains an antccedent history of change

to a new occupation or avocation in wl
repeated forceful flexion of the fingers 1
the wrist in 2 neutral or a flexed pos
played an important role.??

TREATMENT

The treatment of carpal tunnel syndn
is clear cut. In mild cases, symptoms 1
be alleviated by having the patient ref
from inciting types of manual exercis
such curtailment of activity can be d
without prejudice to occupation or ave
tion. Splinting usuafly will give tempor
relief from the more acute symptoms, but
sumption of activity is apt to reproduce tt

Fic. 6. After completion of exploration of carpal tunnel, divided transverse
carpal digament ss closed partially over contents of carpal canal by a wire
mattress suture brought out onto the ulnar side of the hypothenar eminence,
Nerve hook elevates ulnar neurovascular bundle. )
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promptly. Extended conservative treatment
is not acceptable when a simple operative
procedure entailing only a few days of con-
valescence will afford prompt relief.

Division of the transverse carpal ligament
will give permanent relief of symptoms and
will restore median nerve function except
when irreversible damage has occurred.
Hypesthesia is always improved, but in the
more severe cases it persists in some areas,
the tip of the middle finger being involved
most frequently, Motor weakness responds
less dramatically to release of nerve com-
pression since its presence usually denotes
significant nerve damage. Earlier writers
recommended blind division of the ligament,
introducing a blunt-tipped knife through a
transverse incision at the wrist and dividing
the ligament along its ulnar aspect in order
to avoid damage to the median nerve and
its branches. This method failed at times to
gve relief, due to incomplete severance of
the ligament, and also it failed to cast light
on any pathologic conditions present in the
carpal tunnel,

It is conceded generally now that the
division of the transverse carpal Iigament
under dircet vision is the procedure of
choice, The approach that we have found
to be most satisfactory (Fig. 5) is a gently
curving longitudinal incision that starts at
the Ievel of the distal rim of the carpal liga-
ment, extends longitudinally along the base
of the hypothenar eminence to the center of
the wrist, and then swings transversely to the
ulnar side between the proximal and the
distal volar wrist creases for about 2 cm. If
further exploration of the median nerve is
desired, the incision then can be extended
farther into the forearm along its volar and
ulnar aspect. The palmar cutaneous branches
of the median and the ulnar nerves often are
not identified, but they should be preserved
if possible. The ulnar neurovascular bundle
is retracted, the ligament is divided along its
ulnar side, and the contents of the canal are
mspected. It is important to expose the floor
of the canal, as occasionally the cause of
nerve compression will be revealed at this
level.

FIc 7 Mattress suture is tightened over a padded button. Wound 1s closed
subsequently with a single layer of skin sutures
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Le Syndrome del Tunnel Carpal

Summario in Interlingua

Le syndrome del tunnel carpal es un re-
centemente recognoscite entitate, characteri-
sate per episodios nocturne de un sensation
de arditura, disconforto dolorose in le mano
e antebracio, € torpor e paresthesia in Je por-
tion del mano que es servite per le nervo
median. Illo occurre le plus frequentemente
in femininas de etate medie ¢ pote super-
venir 0 COmO I > tar-
dive de trauma in le region del carpo. Le
constatationes objective include atrophia del
musculo thenar, hypoesthesia del pollice e
del tres digitos adjacente, positivitate del
signo de Tinel, e—incerte casos—manifesta-
tiones de vasospasmos. Arthritis cervical,
ruptura de disco intervertebral, e syndrome
de scaleno debe esser prendite in considera-
tion in les diagnose differential.

Le exploration del tunnel carpal revela
usualmente signos de compression del nervo
median. Le tertio proximal del canal es le
sito usual del compression, Isto pote esser
characterisate per edema del nervo o, in le
plus avantiate casos, per un definite con-
striction del nervo, con o sin pseudoneuroma
associate. Le inspection complete del canal
pote revelar le presentia de tenosynovitis o

pont
v

de varie lesiones a formation de massa que
es responsabile pro le symptomas de com-
pression.

In multe casos le etiologia remane obscur.
Factores que possibilemente exerce un in-
fluentia es alterationes physiologic in le carpo
del typo associate con le menopause, le stato
rheumatoide, anomaljas congenite, e lesiones
post-traumatic. Plure autores ha sublme'a:.e
le importantia de un inaccostumate activi-
tate manual como factores instigatori in le
spontanee compression de nervos. Un con-
flicto de opiniones existe con respecto al typo
de movimento manual que precipita le symp-
tomas. Datos ha essite citate in supporto
tanto de flexion como etiam de extensiqn
carpal como possibile factor precipitatori in
le production del compression de nervos.

Le division del transverse ligamento carpal
resulta in Je complete alleviation del symp-
tomas, excepte in le presentia de isreparabile
damnification del nervo median. Accesso
directe al ligamento debe esser preferite al
division cec per un incision carpal. In Ie
accesso directe le resultato es plus certe, €
le methodo provide le opportunitate de ex-
plorar le complete tunnel carpal.
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Praccure~Dislocations of the Wrise

CARRUTY J. \VAGNER, M.D. =

Fractyreg and frnclurc-dislocations about
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MOR fnjury, Because of the importance of
the hand iy cveryday Jife ang the intricate
© carpus, these injuries deserye

on the outstretcheq hand,
injury seldom ¢pn
e Manifestations in the
depend op the direction
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ANATOMIC FEATUREg

Anatomically, the Carpus js €omposed of
8 carpal bopes arranged jn 4 Proxima] apg ,
distal oy, Functionally, the lunage and the
ttiangular 04 a5 2 unit i 1pe Proximaj Tow;
not in[requcmly they are fused o form
gle bone, T ¢ pisiform js , SeSamoid thay
conducts the flexor Carpi uinaris ¢ the distay
carpus,

The lesser muItangular, the Capitafe and
the hamate g, a8 a unit in g, distal roy,

¢ Navicular functions a5 a Comnecting roq
etween the 2 Tows; jts Proximaj
tions with the lunate ang its distaj

=5

1 Relanonship of carpay bones in dors,.
palmar flexion (rig/ﬂ). (Re-
E R.

Unctiona] and
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the capitate. The naviculo-capitate attach-
ment is considerably stronger than the navic-
ulo-lunate attachment.

The greater multangular, developmentally
and functionally, is a modified thumb-ray
metacarpal.

Normally, most of the volar flexion of the
hand takes place in the radiocarpal joint
and, to a lesser extent, in the mid-carpal
joint. Dorsal flexion is provided primarily
by the mid-carpal joint, the radiocarpal joint
contributing only slightly to the movement.
(Fig. 1)

Radial inclination or flexion of the hand
occurs primarily in the mid-carpal joint, and
the navicular angulates volarward to avoid
the radial styloid.> Ulnar inclination or flex-
fon is primarily a function of the radiocarpal
joint. (Fig. 2)

The function of the radiocarpal joint is
relatively simple as an ellipsoidal joint, but
the mid-carpal jomnt is more complex since
it acts differently on the radial and the ulnar

sides of the mid-axial line. The radial por-
tion of the mid-carpal joint is represented by
the distal half of the navicular, the greater
and the lesser multanguli rotating about the
radial aspect of the capitate; there is a slight
gliding movement in the lateral and the me-
dial portions of the joint.

The ulnar portion of the mid-carpal joint,
consisting of the lunate, the proximal pole
of the navicular, the hamate and the trian-
gular, acts as a multi-axial diarthrodial joint
about the distal ulnar surface of the capitate.

The capitate is fixed firmly to the third
metacarpa), through which the long axis of
the hand progresses into the carpus. The
ligamentous attachments of the various car-
pal bones are so arranged that the lesser
multangular, the distal pole of the navicular,
the capitate, the hamate and the triangular
form a close-knit group attached firmly to
the metacarpals, while the lunate and the
proximal pole of the navicular represent a
separate unit in contact with the radius.

Fic. 2 Relationship of carpal bones on ulnar (feff) and radual (right) flexion of the
wrist. (ReJrawn from Kaplan, E B.: Functional and Surgical Anatomy of the Hand,

Philadelp’ ., Lippincott)
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Fio. 3. (Left) Frac-
ture of the radws with
incomplete displace-
ment. (Right) Fracture
of the wrist with com-
plete displacenent and
dislocation of the radio-
ulnar joint.

In summary, the salient anatomic points
that are important in determining the various
fra_cture-disloca\ions occurring about the
wrist may be listed as follows:

1. The capitate s fixed firmly to the third
metacarpal and always moves with the hand.

2 The Iunate is relatively fixed to the
radius,

3. The capitate-lunate joint acts as the
Junction of the fixed axis of the hand and the
forearm,

.4. . The navicular acts as a connecting rod
bndglns the mid-carpal jomnt, with its distal
ﬁ‘s’le Intimately attached to the capitate and

Proximal pole less intimately attached to
the lunate,
dlsf;lehZ ligaments of the wrist joint are so
Vidualme' as to permit motion of the indi-
b, Joints and at the same time enable the

TPUS 10 act as a unit,

SEQUENTIAL PATTERN OF INJURY

Wi . .
one é‘h the above anatomic factors 1n mind,
AN reconstruct rather closely the mech-

anism of injury wn each case of fracture-
dislocation of the wrist.

When a fall 15 arrested by the outstretched
hand, usually the wrist dorsiflexes. If the
force exceeds the range of motion naturally
permitted by the various ligaments, generally
the distal radius gives way, resu]ting in the
typical Colles fracture (Fig. 3, leftr). The
degree of displacement depends on the sum-
mation of the forces producing the fracture
(Fig. 3, right).

Occasionally, the lunate is buttressed by
the dorsal lip of the radius, and, before the
latter gives way, the navicular fractures at
the waist (Fig. 4, top). This occurs not be-
cause 1t is compressed against the styloid of
the radius but because the dorsal lip of the
radius holds the lunate in position long
enough for the capitate to exceed the normal
range of dorsiflexion in the capitate-lunate
joint. When this takes place, the navicular,
being closely applied to the capitate at its
distal pole and to the lunate at its proximal
pole, must either fracture or sever its rela-
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tionship with one or the other and dislocate
(Fig. 5).

When the navicular fractures, the frag-
ments do not displace if the force ends or is
dissipated by the radius fracturing. Thus, an
anatomic relationship of the fractured navic-
ular is the rule when it accompanies a Colles
fracture (Fig. 4).

When the dorsal radius remains intact, the
force applied to the outstretched hand may
be expended in a simple fracture of the na-
vicular (Fig. 6). If, however, the force con-
tinues, the capitate may escape the lunate,
and the typical perilunar transnavicular dis-
location results (Fig. 7). The capitate, the
hamate, the triangular, the lesser multangular
and the distal fragment of the navicular re-
main in normal relationship to each other

and dislocate dorsally, while the lunate, to-
gether with the proximal pole of the navicu-
lar, maintains a normal relationship with the
radius.

If the navicular fails to fracture, it must
sever its relationship with the lunate and
accompany the capitate or remain behind
with the lunate, Since its attachments to the
capitate are the stronger of the two, the
former is what usually happens (Fig. 8).

Isolated dislocations of the navicular have
been reported,®!° but careful examination
usually reveals that there is a loss of normal
relationship of the capitate-lunate joints, in-
dicating that these cases are really perilunar
dislocations. Even when the relationship at
this joint appears to be normal, careful ob-
servation at the time of reduction reveals that

g, e aw ‘f
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FiG. 4 Colles’ fracture with fracture of the carpal navicular, (Anteroposterior and
lateral views)
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the joint subluxates with ease with slight trac-
tion, and, in fact, the perilunar dislocation
must be reproduced in order to permit the
return of the proximal pole of the navicular
(Fig. 9).

If the force continues after dislocation of
the capitate-funate joint, the carpus usually
bypasses the lunate and may be pushed prox-

n

o~
i

Fia ¢, Fracture, car-

P*ﬂ Daviey
ular
’Yplate s without

imally to the level of the articular surface of
the radius (Fig, 10, left & right). As this
oceurs, the lunate flexes progressively and
ultimately may dislocate, allowing the carpus
to assume a rlatively normat relationship to
the radius (Fig. 11). In cases of apparent
isolated dislocation of the lunate, the peri-
lunar distocation usually can be demon-
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Fic. 8 Perilunar dislocation without fracture of the navicular,

strated at the time of reduction, When the
wrist 1 brought into dorsiflexion, the carpus
can be felt to dislocate dorsally, with spon-
taneous reduction of the lunate, With trac-

Fia. 7. Penlunar
transnavicular disloca-
tion.

tion and palmar flexion the perilunar dislo-
cation then may be reduced.

When the perilunar dislocation occurs
without fracture of the navicular, the radial
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and the ulnar styloid processes usually are
fractured (Fig, 12). These are of the avul-
sion rather than the compression type.

Variations in the force of injury and the
position of the extremity may result in com-
plete dislocation of the carpus dorsally. This
may occur with fracture of the dorsal lip of
the radius (Fig. 13) or without fracture of
the radius (Fig. 14).

Rarely, the perilunar dislocation occurs 1o
the volar aspect of the extremity rather than
dorsally (Fig. 15). Occasionally, isolated
fractures of the greater multangular may be
seen (Fig. 16) and are the result of direct
trauma to the thumb ray. Fractures of the
triangular are relatively common and usually
represent an avulsion from the dorsal surface
(Fig. 17). Occasionally, however, the tri-
angular comminutes and is associated with
dislocations of the pisiform (Fig. 18). In
these cases careful examination is necessary
for early recognition of injury to the decp
motor branch of the ulnar nerve.

TREATMENT

In the treatment of the fracturc and the
l'faclure~dislocmion of the wrist, the reduc-
tion usually can be accomplished by closed
methods with little difficulty. However, the
physician must be prepared to spend much
time and anticipate considerable disability as
the result of complications that commonly
accompany this type of injury. Since many
of the dislocations are reduced by the patient
before he is seen by the physician or the
Toentgenologist, there is a tendency to under-
diagnose these injuries. This further com-
Plicates the prognosis. The following obser-
:::,'01“5 may supplement the many texts and

icles available that deal with the treatment
technic now being used.

COLLES' FRACTURES
l’E'ful;sed reduction will be improved and the
ey on maintained better if the forearm is
lende(;n ;ull pronation and the cast is ex-
weeks aﬂ‘:"e the elbow for the first 4 to 6
radius e normal volar inclination of the
can be restored and the normal styloid

FiG. 9. Reduction of dislocated navicu-
lar usually demonstrates underlying peri-
lunar dislocation. (See text.)

Fic. 10. Progression of perilunar dis-
location with ultimate volar subluxation
of the lunate.




Fic, 11. As lunate dis.
locates, remaining car-
Pus assumes a relatively
normal relationship with
the radus, leading to 3
musdiagnosis of 1solateg
dislocation of the lunate
(Wagner, C. J.: J. Bone
& Joint Surg. 38-A:
1198-1207)

relationship obtained without palmar flexion
i \ if the position of full pronation is obtamned

’ and maintained during the early period of
: immobilization.

PERILUNAR DISLOCATIONS

If the principle that the usual fracture, dis-
location and fracture-dislocation of the car-
pus have as a2 common denominator a dislo-
cation or a potential dislocation of the
capitate-lunate joint is accepted, consider-
able difficulty in the treatment of wrist in-
juries will be avoided. The treatment and
the prognosis must be determined for each
case
The 1nitial reduction usually offers little
difficulty (even dislocations several days old
will reduce with surprising ease). When the
navicular is not fractured, the reduction
should be maintained with plaster, with the
wrist in a position of function, the thumb

Fie. 12. Penlunar dislocatron with
fracture of the radial and the ulnar styloid
processes (Wagner, C. J . J. Bone & Joint
Surg. 38-A:1198-1207)
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and the elbow free, for a petiod of 3 wecks,
Then graduated evercives may be insituted
and immobilization discarded over the next
2wechs, The results usually are good, with
only stight residual stiffness s o sequela,
When the navicular is fractured and is re-
duced anatomically when fit examined, it
is quite lilely that the disrupting force was
dissipated before significant damage to the
ligamentous attachments occurred,  There-
fore, the blood supply to the proximal frag-
meat remains intact, and, with immobiliza-

tion, unton can be predicted in a relatively
short time with uniformly good results. Cyb-
inder plaster is used, incorporating the proxi-
mal phatanx of the thumb with the wristina
position of function, thumb in opposition and
clbow free. Immobilization is maintained
untjt there is roentgenographic evidence of
unjon,

The stightest displacement of the navicular
fragments should raisc a suspicion that a
peritunar dislocation has occurred. In this
case the prognosis is entirely different, The
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Fi6. 15, Volar perix
fumar dishseation of the
wrist,

navies e
o "lfg;t\\_hm an anatomic reduction can-
eperioda”m‘i by.closcd methods. Thereby
e of disability andg suffering is short-
Ritms dSUCh' complications as reflex hy-
. dco}s)sxﬁcaﬁqn, permanent  finger
iy, shoulder involvement are largely
in .
ducedeﬁsgm:ng an arthrodesis on an unre-
tntﬁ); unar dislacation, care must be
lly e cagr'l the carpus accusately, particu-
is Wmmk;gmtblunatc joint. If the lunate
Operax;,, and Jeft in g flexed position,
Hingge Tiga ustally releases the dorsal
tiog of e :nt, resulting in volar subluxa~
Terye mmpr:an and postoperative median
Failrg 1 S:g[m‘ Symptoms may result,
31 an anatomic reduction

by closed methods when the navicular is not
fractured necessitates open reduction, Here
there is fittle danger of aseptic necrosis of
the navicular, and the re-establishment of a
normal intercarpal relationship rosults in a
stable, useful wrist. Some motion is lost, and
a traumatic arthritis commonly results, par-
ticularly between the lunate and the navic-
lar.

In performing open reduction, a dorsal
approach is used, and the radil and the
ulnar borders of the lunate are defined, care
being taken to preserve intact the dorsal
radial Iunate portion of the capsule. By gen-
tle manipulation, the wrist is “set up” about
the lunate. Accurate reduction is verified by
the return of the proximal navicular pole and
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incidence of aseptic necrosis with accurate
reduction of the navicular is 50 per cent, and
without accurate reduction it approaches 100
per cent. 1!

When aseptic necrosis intervenes, fairly
good results will be obtained with prolonged
immobilization if the reduction is accurate
(Figs. 19 & 20). As may be seen in Figure
19, aseptic necrosis of the proximal fragment
is present. Seven months later, with con-
tinuous immobilization, the fracture has
united, and approximately two thirds of the
proximal fragment has been replaced by
creeping substitution. Immobilization must
be continued until the entire proximal frag-
ment is regenerated, or collapse and carpal
disintegration will occur (Fig. 21).

When displacement of the navicular frag-
ments persists, it indicates that the perilunar
dislocation has not been reduced completely
and that not only will aseptic necrosis inter-

vene (Fig. 22) but progressive collapse of
the fragment will permit the migration of the
capitate to occupy the space between the
lunate and the distal fragment (Fig. 21).
The result is a painful wrist that resists all
forms of conservative treatment, and arthro-
desis becomes necessary.

Removal of the proximal fragment is use-
less and merely hastens the disintegration of
the carpus.!* In the author’s experience,
open reduction and fixation of the fractured
navicular, when displaced, have yielded uni-
formly poor results, Aseptic necrosis of the
navicular fragment usually has occurred and,
due to the extensive ligamentous stripping
necessary to gain normal capitate-lunate-tri-
angular relationship, leads frequently to a
fibrous ankylosis.1?

It is the author's practice to recommend
arthrodesis of the wrist at once in all cases
of perilunar dislocation with fracture of the

Fic 14 Dislocation of carpus dorsally without fracture of the radius. (Wagner, C. J.:
1. Bone & Joint Surg. 38-A:1198-1207)
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by closed methods when the navicular is not
fractured necessitates open reduction, Here
there is little danger of aseptic necrosis of
the navicular, and the re-establishment of a
normal intercarpal relationship results in a
stable, uselul wrist. Some motion is lost, and
a traumatic arthritis commonly results, par-
ticularly between the lunate and the navic-
ular,

In performing open reduction, a dorsal
approach is used, and the radial and the
ulnar borders of the lunate are defined, care
being taken to preserve Intact the dorsal
radial lunate portion of the capsule. By gen-
tle mamipulation, the wrist is “set up” about
the lunate, Accurate reduction is verified by
the return of the proximal navicular pole and
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AN

Fi6. 16 Fracture, greater multangular,

the triangular to the radial and the ulnar as~
pects of the lunate. In this way, reduction
can be obtained with a minimum of liga~
mentous stripping,

When the lunate is dislocated, and there
is no associated fracture of the navicular,
closed reduction produces good results. With
open reduction, the incidence of aseptic ne-
crosis is very high. Removal of the lunate is
unsatisfactory, for it results in a much weak~
ened wrist and permits disruption of the
carpus due to the wedgelike action of the
capitate.’* Replacement with a prosthesis
may be of value ¢ Prolonged immobilization
will permit revascularization and a fairly
reasonable result, but it represents a very
long investment in time (1% years) (Fig.
23, left).

-

Fi6. 17. Avulsion fracture, triangular.

Rarely, the lunate and the proximal navic-
ular both undergo aseptic necrosis (Fig. 23,
right). Revascularization will occur with
prolonged immobilization, but the stiffness
and the associated arthritic changes result
in a poor functional wrist. Early arthrodesis
usually provides the most satisfactory form
of treatment.

OTHER FEATURES

Fractures of the triangular are avulsion
fractures as a rule, and, although the injuries
appear to be insignificant, disability often is
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Fie. 20. Progressive re-
placement of proximal frag-
ment by creeping substitution
under treatment by prolonged
immobilization Unton of the
fracture occurs relatively
quickly, but immobilization
must be continued until revas-
cularization of the proximal
fragment is complete.

well as awareness of the danger) is necessary
to avoid missing the diagnosis in these cases.
When the nerve is involved, surgical explora-
tion usually is indicated.

SUMMARY

Fractures and fracture-dislocations of the
carpus follow a sequential pattern. In most
cases there 1s a primary loss of relationship
at the junction of the fixed axis of the hand
with the forearm (the capitate-lunate joint),
resulting in a penlunar dislocation of the
wrist.

Manifestations of the basic perilunar dis-

Fic 21, Collapse of aseptic necrotic
proximal fragment with early mobiliza-
tion. (Wagner, C. J.: J. Bone & Joint Surg.
34-A:774-784)

location will vary in individual cases, de-
pending on the direction and the power of
the deforming force, the anatomic differences
in the various carpal bones, the ligamentous
structures, and the state of the muscle bal-
ance when the injury occurred.

The prognosis in the individual case is
predicted by the presence and the cxtent.of
associated fractures, particularly the navic-
ular, the accuracy of reduction, and the use
of closed methods of reduction.
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Fracturas con Dislocation del Carpo

Summario in Interlingua

Fractura del carpo e fracturas con dislo-
cation del carpo es characterisate per un
sequentia de eventos intcrdependente. In le
majoritate del casos il occurre un perdita
primari del relationes normal al junction del
axe fixe del mano con le antebracio (i.e. in
le articulation de capitato e Junato), con le
resultato de un dislocation perilunar del
carpo.

Le manifestationes del basic dislocation
perilunar varia in le casos individual. Illos

depende del direction ¢ del magnit.ude del
fortia de deformation, del differentias ana-
tomic inter le varie ossos carpal, del charac-
ter del structuras ligamentose, e del stato dfl
balancia muscular 2] momento del traumati-
sation.

Le prognose in le caso individual es de-
terminate per le presentia e le grado de
fracturas associate, specialmente in le 0ss0
navicular, per le accuratia del {eductwn, €
per le uso de methodos de reduction claudite,
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Fracturas con Dislocation del Carpo

Summario in Interlingua

Fractura del carpo e fracturas con dislo-
cation del carpo es characterisate per un
sequentia de eventos interdependente. In le
majoritate del casos il occurre un perdita
primari del relationes normal al junction del
axe fixe del mano con le antebracio (i.e. in
le articulation de capitato e lunato), con le
resultato de un dislocation perilunar del
carpo.

Le manifestationes del basic dislocation
perilunar varia in le casos individual. Illos

depende del direction ¢ del magnitude del
fortia de deformation, del differentias ana-
tomic inter le varie ossos carpal, del charac-
ter del structuras ligamentose, e del stato dcf,l
balancia muscular al momento del traumati-
sation.

Le prognose in le caso individual es de-
terminate per le presentia ¢ le grado de
fracturas associate, specialmente in le 0550
navicular, per le accuratia del reduction, e
per le uso de methodos de reduction claudte.
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The No-Name and No-Fame Bursa

Frep L. STUT

The patients who, out of gratitude, have
caused more other individuals to see me
have been afflicted with a clinical bursitis of
the knee for which I can find no positive
name. I see at least one such patient per
week. Yet I learn from colleagues that some
have never seen such a patient or no more
than one or two in their lifetime.

The clinical variance in many diagnoses,

let alone treatment, in office orthopaedics is
amazing. Voshell} has described 10 clinical
cases of bursae that he found in four differ-
ent locations under the mediotibial collateral
ligament. The one that I encounter particu-
larly is specifically right and exactly at the
front edge of the superficial and parallel
anterior fibers of the mediotibial collateral
ligament. Voshell describes this as a “bursitis
of a bursa under the mediotibial collateral
ligament * I believe that this bursa is at times
under the ligament, but, as the knee is bent,
the bursa retains partial allegiance to the
medial meniscus and slides forward with the
meniscus during flexion. Since the anterior
edge of the ligament moves backward in
knee flexion, the ligament edge lies posterior
to the bursa in this circumstance. Frequent-
ly, an enlargement and an irritation of thus
area can be felt as a small tender rounded
f\odule with ligament edge “jumping” onto
it, and with pain, as on external rotation.
This will occur, then, on attempting sharp
extension of the knee and especially on ex-
fernal rotation of the flexed knee.

* Peoria, 111,

1 Voshcl'l, A, F, and Brantigan, O C.. Bursitis
‘él the region of the tibial collateral ligament, I.

one & J

oint Surg, 26:783-793, 1944
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As will be seen in Figure 1, the handle
of the knife is located under the ligament
exactly at the joint line. DePalmai says,
“The anterior portion of the superficial layer
fof ligament] is attached loosely to the un-
derlying meniscus. Frequently [94% of
cases], a bursa is interposed between the
two structures.” However, in a later illus-
tration (our Fig. 2), in more or less direct
connection with this discussion, he shows a
bursa definitely below the joint line and
under this igament, If there is a bursa here,
it is not my especial friend. This also shows
the rearward slide of anterior ligament edge
in flexion. I do not believe, then, that the
phrase medial subligamentous, which 1
have heard applied, is correct, since I do not
regard the bursa as being subligamentous—
at least in some portions of flexion of the
knee. What I am saying is that, in my ex-
perience, this is a relatively common condi-
tion, and the interpretation has to be mainly
clinical. In looking over texts on office prac-
tice of orthopaedics, journals and mono-
graphs on important bursitides of the knee,
several well-known varieties are discussed.
Baker has his cyst, even if quite variable as
to location and significance as to cause and
effect. The housemaid has her prepatellar.
Several others are named and mentioned. In
my experience this bursa without a name is
both more common and therapeutically
more important as a bursitis than any of
those usually discussed. 1 should like to ac-
cord it much higher rank.

Aillments of this bursa present all grades

t DePalma, A F.: Diseases of the Knee,

. 50,
Philadelphia, Lippincott, 1954, P
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Fi6. 1. Drawing of an anatomic dissec-
tion showing the interval between the
anterior vertical border of the tibial col-
lateral ligament and the medial meniscus,
(DePalma, A. F.: Diseases of the Knee,
Philadelphia, Lippincott)

of severity, and I believe all the usual
causes for inflammation of any bursa, Most
of the acute cases that T have seen have re-
sulted from a minor twisting trauma, par-
ticularly of tibial external rotation, which
may have loosened bursal allegiance to the
ligament. Often, the symptoms simulate an
internal derangement of the knee with an
apparent locking or lack of freedom of ex-
tension. DePalma emphasized that “in ex-
tension all portions of the tibjal collateral
ligaments are tense” but also that “through-
out the entire arc of flexion some portion of
the ligament is taut . . .; even in extreme
flexion the long anterior superficial fibers are
still taut.” From the symptomatology I be-
lieve that this anatomy 1s important Often the
patient will not fully extend, because, by
keeping the knee 1n flexion, the taut anterior
soperficial fibers are not really pressing
against the bursa now just anterior to them.
Snap extension of the knee or external rota-
tion of the flexed knce with finger on the
often rounded, tender point will roll these

front ligament fibers onto the bursa, which
is, after all, a bumper backed up by the
meniscus, Disability often is rather distinct;
sometimes the patient appears on crutches
or with a cane, having been prepared by the
referring general practitioner for surgical re-
moval of the meniscus, At times an injection
of only 1 or 2 cc. of 1 per cent procaine
plus hydrocortisone has produced such dra-
matic cure that the patient believes that a
minor miracle has taken place.

In cither degenerative or rheumatoid knee
arthritis, as well as in traumatic inflamma-
tion, separate injection of this bursa from
the knee joint itself, if indicated by local
findings, may make the difference between
success and failure. Miller, White and Nor-
ton,* of Glasgow, Scotland, demonstrated
both subjective and objective improvement
in up to 86 per cent of hypertrophic ar-
thritic knees injected by placebo technic. Pos-
sibly this addition can get us closer to 100
per cent. Underlying degenerative changes
may exist in the medial meniscus, and often
the bursitis is only symptomatic evidence of
the osteoarthritis, as in Baker’s cyst, and
meniscectomy probably is indicated occa-
sionally. On a few occasions this bursa has
been demonstrated at arthrotomy. There is
an inflamed and thickened ill-defined sac or
fibromatous nodule with a nonspecific in-
flammatory bursal diagnosis from the labora-
tory. Frequently there is a flatfoot position
with its Jower leg external rotation strain
tending to exist in gait, and knock-knee
seems to be much more common than bow-
leg. Thomas heel with inner heel wedge is
of considerable value and, of course, other
physical therapy in many cases. )

In at least a dozen cases of torn medial
meniscus with a locked knee that I expected
to remain locked I have seen all symptoms
disappear in a few moments from a few cubic
centimeters of procaine.

+ Miller, 1. H., White, John, and Norton, T. H :

The value of ntra-articular injections in osteoarthri-
tis of the knee, J. Bone & Jont Surg. 40-B-636-643,

1958,
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204 Congenital Absence of Femur and Fibula

very desirable stump, frec of pressure or
abrasion, and comfortable, with weight-bear~
ing at its end. It supplics the prosthesis with
more power and easier mobility than a short
stump. The chief handicap, with the foot
in place, is to devise a workable knee bend.

The two main difficulties in function of
such a prosthesis are:

1. The problem of a loose joining in the

b

%

w

hip region, not a true joint; consequently, a
unstable point of body support with sid
thrust.

2. The problem of the foot, which is a
important asset in stabilizing and controllin
the prosthesis. On the other hand, it is un
sightly cosmetically, especially in a female
and adds a difficelty in locating a satisfac
tory knee-joint bend. However, it is though

Fics 1 and 2, Case 1. Fic. 1. (Left) Roentgenogram of the pelvis and the legs taken
at 1 year of age. The fibula is completely absent, and the tibia is smaller than m the
normal leg The ankle and the foot are normal A center of ossification, above the
tibral epiphysts, 13 the only representation of the absent femur. The tibia does not form
a jont with the pelvis The acetabulum shows fair development. (Right) Roentgeno-
gram at 7 years of age. A rudimentary head and neck of the femu.r !mve now appeared,
developing from a center of ossification that developed after the initial roentgenogram
was made (left) The acetabulum is deep and contains the head of the {emur. The
utial center of ossificatton above the epiphysis of the tibia has developed into a bone
mass that probably represents the condylar area of the femur. It has no definite struc-
ture, and there 1s no connection between the neck of the femur and this bone mass.
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that when adult stature is reached, the foot
on the short leg will be on the level or above
that of the knee of the normal leg, thus solving
the proper focation of a knec bend in future
prosthesis.

The initial prosthesis (Fig. S, bottom,
eft) consisted of a pelvic band—a laced
leather cufl enclosing the leg and a shoc for
the foot, riveted to a metal plate attached
to the side bars. Bcelow this, a contoured

artificial leg and foot were attached with a
second shoc for weight-bearing. In Case 2,
the foot was in cquinovarus and was wedged
in plaster for better fitting in the shoc. The
children learned to walk and balance well
with these appliances.

At 6 years of age a betler-proportioned,
neater and improved fitting prosthesis was
supplicd: in Case 1, without bend; in Case 2,
a bend below the foot, These are now being

F16. 2. (Lefr) Congenutal absence of femur and fibula The deformed leg has
2 normal foot and ankle jont It is smaller and less muscular than the lower
extremrty in the normal leg Knee and hip jownts are absent. Otherwise, the child
is well developed and active (Center) The second type of prosthesis furnished
this girl—a well-contoured, nicely fitting apparatus that gives good support. It
18 tolerated well, (Right) With clothes, the prosthesis is scarcely noticeable. She
IS 2 normal, healthy youngster and participates wn most activities,
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Fics. 3 to 5, Case 2. FiG. 3. Roentgeno-
gram made at age of 3 months. The left
side appears as the right here. The absence
of the femur and the fibula 1s apparent.
The foot is 1n equinovarus position. The
pelvis 15 relatively well developed. The
acetabulum 1s very shallow on the de-
formed side. There 1s no hip or knee joint.

tested. In both cases the foot was wedged
into equinus for better position before

applying the last prosthesis.

FiG. 4. Roentgenogram at 7 years of
age. The left side of the pelvis is not as
fully developed as the right side. On the
left, the epiphyseal line between the ilum
and the pubis and the ischium is open, and
the inferior ram of pubis and ischium are
not joined. The acetabulum is fairly deep
but is not normal in contour. A bone
mass has appzared at the upper end of the
tibia, It is difficult to evaluate this It may
represent tibial epiphysis or condylar area
of the femur.

SUMMARY

Congenital absence of both femur and
fibula is a relatively rare condition. Search
of the literature disclosed its rarity: refer-
ences to this particular anomaly were
meager. Doctors should be encouraged to
report congenital anomalies. Such reports
are desirable; they would serve as a valid basis
for statistical study.

F16. 5 (Top, left) The relationship of the deformed left leg is well shown here. It is
about one half the length of the normal leg as measured from the anterior superior spine
to the internal malleolus. Except for the left extremuty, the boy was normal physically
and quite active (Top, right) This 1s the positron that this chuld, as well as the one
depicted 1n Figures 1 and 2, assumed 1n walking before prostheses were supplied (Bottom,
left) The imtal prosthesis, described 1n this chapter, with W}HCI? Cases 1 and 2 were
fitted, They learned to balance and walk quite we™™ = *= *7" ~==Vrnen SBas wichi)
The second type of prosthests with which Case 2
from the apparatus supplied Case 1 The leg 1s X .
foot has been wedged 1n equinus and a knee lock put in below the foot with a wire
cable release
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Spondylolysis Following Spinal Fusion

Report of a Case

ANTHONY F. DEPALMA, M.D., AND PHILLIP J. MARONE, M.D.*

This chapter deals with a case of spondy-
lolysis implicating the neural arches of the
fourth lumbar vertebra following a spinal
fusion from the fourth lumbar vertebra to
the sacrum The fusion was performed for
symptomatic spondylolisthesis in a female
52 years of age. Only two other similar
cases were found in the literature. Unander-
Scharin'? recorded the first case in 1950. He
designated the lesion spondylolisthesis ac~
guasita. In this instance, a defect appeared in
the neural arches of the third Jumbar verte~
bra six years after a spinal fusion from the
third lumbar to the first sacral vertebra. The
second case was reported by Anderson! in
1956; lysis of the neural arches of the fourth
lumbar vertebra occurred following fusion
between the fifth lumbar and the first sacral
vertebrae, The prime reason for recording
our case is to focus the attention of the
orthopaedic surgeon on another factor that
may be responsible for pain and nerve-root
irritation following fusion of two or more
vertebral elements of the lumbosacral re-
gion.

CASE REPORT

The patient, a female, 52 years of age, was
adnmtted to the Jefferson Medical College Hos-
pital on August 24, 1955, with the chief com~
plaint of low-back pain of two years” duration
that radiated 1nto the posterior aspects of both
lower extremities as far as the calves. At first

* Philadelphia, Pa
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the pain was intermittent in nature, but for the
past year 1t had been more or less constant.
Nothing in the history of injury accounted for
the symptoms.

Phystcal examination revealed pronounced
paravertebral muscle spasm in the lumbar re-
gion, Motion in the lumbar spine was restricted
approximately 60 per cent in all directions.
Pressure over the spinous processes of the fifth
lumbar and the first sacral vertebrae elicited
severe tenderness.

The neurologic examination was essentially
negative.

R aphic i isclosed a
large defect 1n both pedicles of the fifth lumbar
vertebra with forward migration of the body of
the fifth lumbar vertebra on the body of the
first sacral vertebra.

On August 26, 2 days after admission, the
lumbosacral region was explored. The large
defects in the neural arch of the fifth lumbar
vertebra were clearly visualized. A classic
Hibbs' type spinal fusion was performed from
the fourth Jumbar vertebra to the sacrum The
fuston was reinforced by an H bone graft span-
ning the interval from the spinous processes of
fourth fumbar and first sacral vertebrae. Can-
cellous bone chips were added; these were ob-
tained from the anterior tliac crest Ten days
after the operation, a plaster cast that extended
from the axillae to the knee was applied; the
cast was worn for 12 weeks After removal of
the cast, 2 Knights-Taylor brace was applied and
was worn for a period of 4 months

The patient made an uneventful recovery, and
6 months after the operation had returned com-
pletely to normal She was free of all pain and
was able to perform all her household duties.
She was observed at 6-month intervals, and 1
August, 1957, 2 years after operation, was dis-
charged. At this time roentgenographic studies
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Fig. 3. Roentgenogram taken 10
months after second operation revealed a
solid bony fusion from the third lumbar
to the first sacral vertebra.

vertebra above and the superior articular
process of the vetebra below. This derange-
ment 1s made possible by certain anatomic
abnormalities present 1n the affected region.
Hilel Nathan, in a recent investigation,
clearly illustrates these anatomic peculiari-
ties. which he designates as predisposing or
conditiomng anatomuc factors. He recorded
that pinching of the isthmus was not possi-
ble when (1) both the superior process of
the vertebra below and the inferior process
of the vertebra above were telatively short;
(2) the vertebral bodies were relatively tall
and their distal surfaces impinged on each
other; (3) relatively large spinous processes

of the fourth and the fifth lumbar vertebrae
made contact and, similarly, the spinous
process of the fifth lumbar vertebra rested
on a relatively Jarge sacral spinous tubercle;
(4) relatively large transverse processes of
the fifth lumbar vertebra rested on the alae
of the sacrum; (5) the roots of the trans-
verse processes of the fourth lumbar verte-
brae rested on well-developed Iaterally pro-
Jecting upper posts of the superior articular
processes of the fifth lumbar vertebra, On the
other hand, the aforementioned features of
the vertebrae may be so altered in spondylo-
Iytic spines that the articular processes above
and below the implicated vertebra are free to
approach and compress the isthmus. This
intimate relationship between the cleft in
the isthmus and the articular processes
above and below was also observed by
Lane® in 1885 and Meyer®® in 1931 in ca-
davers with spondylolisthesis. Both these
workers were of the opinion that the defect
in the neural arch was the direct result of
the compression of the isthmus by the ar-
ticular processes above and below.

Repeated trauma to the isthmus by the
pincer effect of the articular processes
above and below must produce local vascu-
lar changes, which eventually result in dis-
solution of the bony elements. The resulting
defect then is occupied by fibrous tiss}!e.
Brandt* described such a process occurring
in “creeping fractures,” and Henschel® re-
corded these same alterations in the forma-
tion of “exhaustive fractures.”

Once the defect has formed in the isth-
mus, bone repair does not occur. This can
be readily explained by (1) the presence of
the shearing stresses, which tend to displace
the detached vertebral body forward, (2)
the hypermobility of the neural arches,
which precludes bone formation; and (3)
the contnuance of the pmcer-effect mecha-
nism on the isthmus, which was primarily
responsible for the dissolution of the bone

In anatomically predisposed spines, Iys.ls
of the isthmus may be enhanced by certain
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contributory factors that tend to reduce the
height of the intervertebrat disks, to increase
the lumbar lordosis and to approximate the
neural arches of the vertebrac. These cir-
cumstances will readily permit the pincer-
effect mechanism to work on the vulnerable
isthmus, Some of the factors arc trauma,
erect posture, lifting and carrying heavy
weights, and advancing age.

It is now generally accepted that spondy-
lolysis is not the result of a congenital defect
in the development of the neural arch®®
The lesion is indeed rare in fetuses or still-
born infants,>* and rare in children?

In the case reported here the defect in the
neural arch of the fourth lumbar cannot be
explained on the aforementioned pincer
mechanism. Careful study of the roentgeno-
grams reveal that the superior processes of
the fifth lumbar vertebra are fused solidly to
the inferior processes of the fourth and that
the inferior processes of the third lumbar do
not impinge on isthmuses of the neural arch
of the fourth lumbar vertebra. These obser-
vations were readily confirmed at operation.
On the other hand, one must admit that the
line of stress in the erect position in this
lordotic spine has shifted, following the
spine fusion, so that now it passes through
the meural arch of the fourth lumbar verte-
bra. As previously noted, repeated trauma
of this nature may readily precipitate vascu-
Iar change in the neural arch, which term-
nates in dissolution of its bony elements and

the formation of clefts in its isthmus,

Because of the paucity of reports in the
literature of spondylolysis following spinal
fusion, one must assume that mechamcal de-
rangements, such as an increased lordosis,

as noted in this case, are not encountered
frequently. However, in light of the fre-
quency of unexplained pain following spinal
fusions, it may well be that spondylolysis is
overlooked often,
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Achrocephalosyndactylia, 108-109

Allen and Mason sprint, hand wounds, 86

Amputation, finger(s), and hand, 35-58
functional considerations, 35-38
partial, case reports, 64, 66-72

Burns, hand. See Hand, injurics, burns
Bursitis, of knee, 197-199

Carpal tunnel syndrome, 171-179
chnical picture, 171-173
path is, 175-177

through index and second pal,
44
through little finger and fifth metacarpal,

multiple, 53-58
mitten hand, 56-57
objectives, 54
Z-plastics, 55, 57, 58
single, 38-53
general considerations, 38-40
skin grafts, cross-finger, 42
shiding, 42
third and fourth metacarpals, 46-47
metacarpal(s), fifth, and little finger, 47-48
first, and thumb, 48-53
between mid-shaft of proximal pha-
lanx and neck of first metacarpal,
49-51
distal to mid-shaft of proximal
phalanx, 49
proximal to neck of first metacarpal,
51-53
incisions, 43
second, and index finger, 44-46
third and fourth, 46-47
thumb, and first metacarpal, 48-53
between mud-shaft of proximal phalanx
and neck of first metacarpal, 49-51
distal to mid-shaft of proximal phalanx,
49

Proximal to neck of first metacarpal, 51-53
Anomalies, congenital, thumb, See Thumb,
congenital anomalies
Arms, 1njury, ncidence, 61
Artery, radial, 11
ulnar, 11
Anthrtss, mutilans, 138
Arthmgryposns, 109

Bobler modification of Hilgenfeldt operation,

Bone, graft, hand wounds, destructive, 63-65
tumor, guant-cell, differential diagnosis from

tumor of tendon sheath in hand,
148

213

faalhology, 173-175
treatment, 176-179
Colles’ fracture(s), 187-188
with fracture of carpal navicular, 183-184
Contracture, Dupuytren’s. See Dupuytren’s
contracture

Dupuytren’s contracture, examination,
physical, limitations of function,
120-121
type of involvement, 119-120
history-taking, 119
incidence, 118
special situations and pitfalls, 124-125
treatment, 118-126
major problem, 118
nonoperative, indications, 121
operative, 121-124
fasciectomy, limited, 122-123
radical or complete, 123-124
complications, postoperative, 124
postoperative care, 124
fasciotomy, 122
ncisions, 12, 13

Ectrodactyha, 101-106

Fasciotomy, bilateral anterior, for correction of
persistent lordosis m children,
168-169
for Dupuytren’s contracture, 122-124
Femur, absence, congenital, case Teports, 203-
207

slipped upper epiphysis with mild displace-
ment and 1nternal fixation in sito,
155-166
diagnosis, 156
operative and postoperative management,
56-166
case Teports, 156-157, 159-164
complications, 158-165
aseptic necrosts or arthritis, late, 165
driving away of epiphysis, 158
growth beyond nail, 159-165
overdrive of nail, 158
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Femur, slipped upper epiphysis with mild dis-
placement and internal fixation mn
situ, operative and postoperative
management, complications
(Continued)

slipping back of nail, 158-159
subtrochanteric fracture, late, 165
optimum time for weight-bearing,
165-166
selection of cases, 156-158
technical details of pinning, 158
prognosis, 156
Fibula, absence, congenital, case reports, 203-
7

Finger(s), amputation, See Amputation,
fingers
defects, dorsal or volar surface, pedicle flap,
8591
skin grafts, 89-91
fractures, proximal phalanx, deformity from, 22
exposure longitudinally through dorsal
extensor apparatus, 22-26
treatment, nonsurgical, 22
surgical, 22-26
Kirschner wires in internal fixation,
22-26
incisions, 8, 12-15
index, scarring and cicatricial flexure con-
tractures, surgical treatment, 83
transposition to replace middle finger,
27-34
closure, 30-31
complications, 33
incision, 29-30
indication, 28-29
osteotomy, 30-31
technic, 29-33
discussion, 31-33
injuries, burns, electrical, surgical treatment, 76
1n industry and home, mncidence, 74
surgical treatment, 74-84
drgital flaps, 75-80
alternatives, 83-84
contiguous, 78-81
technics, 81-82
cross-finger, technics, 82-83
disadvantages, 77
donor sites, 75-77
ndicattons, 75
introduction, 75
free skin grafts, 74-75
Dittle, tip, amputation, traumatic, surgical
treatment, 79
loss, extensive, reconstruction of grasping
mechanism, 60-73
case reports, 64, 66-72
chnical material, 61-62

Finger(s), loss (Continued)
from frostbite, 67, 68
replacement by toe transfer, 65
middle, replacement by transposition of index
finger. See Finger, index, transposi-
tion to replace middle finger
scarring and cicatricial flexure contractures,
surgical treatment, 83
ring, tip, avulsion of soft tissue, surgical
treatment, 80
rotation to thumb position in loss of thumb,
65

scarring, interference with motion and
sensation, 74

skin, palmar surface, special qualities, 74
extensor, sp Tupture, in
rheumatoid arthritis, 129

tips, defects, treatment, transfer of flap from
palm, 87-89

ulnar drift at metacarpophalangeal joint in
rheumatoid arthritis, 134-136, 138

Frostbite, loss of fingers from, 67, 68

Hand, amputation, See Amputation, fingers,
and hand
anatomy (surgical), 7-15
arteries, 10-11
fascia, deep, 7-8
muscles, dorsal, 9-10
volar, 10
nerves, 10-12
skin, landmarks, 7
structures, deep, 8-12
tendons, dorsal, 9-10
“five-fingered,” 99-101
function, units, 27-28
grant-cell tumor of tendon sheath See
Tumor, giant-cell, of tendon
sheath in hand
ncistons, 8, 12-15
dorsal, 14-15
volar, 13
injuries, burns, etiology, 111-112
evaluation of depth and extent, 112
prognosts, 116
special types, 114
thermal, 111-112
treatment, antibacterjal agents, 114
chemical débridement, 114
dressings, 112-114
primary Jocal, 112
skin-grafting, 114-116
pedicle flaps, 115
split-thickness, 115
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Physiotherapy, hand injuries, surgical repair,
flexor tendon grafts, 20-21
Pollicization, rotation of finger to thumb posi-
tion in loss of thumb, 65
Polydactyhia, 96-98
etiology, hereditary influence, 96
weidence, 96
with symphalangism, 98
treatment, 97-98
varieties, 96, 97
Prosthesis, hand wounds, destructive, 65

Radius, fracture, with dislocation of carpus
dorsally, 187, 189
with displacement, mecomplete, 183

Skin, hand, palmar surface, special qualities,
74

Skin graft(s) and grafting, amputation,
fingers, 42-44
burns, hand, 114-116
compostte, fingers, reconstructive and
traumatic surgery, 75
flap, digttal, 75-80
alternatives, 83-84
contiguous, 78-81
technrcs, 81-82
cross-finger, 89
technics, 82-83
defects of fingertips, 87-89
dlsadvamages, 77
donor sttes, 75-77
indications, 75
introduction, 75
pocket, donor sites, 89-90
free, fingers, reconstructive and traumatic
surgery, 74-75
full-thickness, fingers. reconstructive and
traumatic surgery, 75
pedicle fiaps, burns, hand, 115
hand wounds, destructive, 63-65
split-thickness, burns, hand, 115
fingers, reconstructive and traumatic
surgery, 75
Spondylolysis, after spinal fusion, case report,
08-211
Symphalangism, with polydactyha, 98
Syndactylia, 98-99
Synovectomy, palmar, for spontaneous tendon
rupture, 132, 133
volar, for spontaneous tendon rupture, 132,
133

Synovioms, benign. See Tumor, giant-ceil, of
tendon sheath in hand
Synovitis 127, 128

Tendon(s), flexor digitorum sublimis, spon-

taneous rupture, surgical repair,
133-134

hand, dorsal, 9-10

flexors, reparr of injuries, divisions, 17
grafts, 16-21
anastomosis, 19-20
closure of wound and application
of cast, 19-20
incisions, 18-19
physiotherapy, 20-21
principles, 16
success or failure, reasons, 17
technic, 18-21

“snapping,” 127-130

surgical technic, 129-130

Thumb, amputation. See Amputation, thumb
congenital anomalies, 96-110

absence, 101-106

complete, 101-103

of extensor, 107

in “five-fingered hand,” 99-101

partial, 102, 103
achrocephalosyndactylia, 108-109
annular grooves, 107-108
arthrogryposis, 109
ectrodactylta, 101-106
floating thumb, 104, 106
hypodactylia, 104, 107
macrodactylia, 108
polydactylia, 96-98
syndactyhia, 98-99

incisions, 8, 12-15
injuries, burn, electrical, surgical treatment,
76

surgical treatment, pedicle flap, 90

loss, rotation of finger to thumb position, 65
tip, scarring, with loss of soft-tissue pad,

surgical treatment, 77

web contractures, surgical treatment, 125
Toe, transfer to replace Jost digit on hand, 65
Tumor, giant-cell, of tendon sheath 1n hand,

140-150
bone involvement, 142
clinical features, 140-142
differential diagnoss, 147-148
incidence, 140
pathogenesis, 142-144
pathologic features, 144-147
foam cells or macrophages, 146, 147
pant cells, 145-147
synovial cells, 145-146
synowvial spaces or clefts, 147
symptoms and signs, 142
treatment, 148-149
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