performed. Wrist fusion is not performed in young patients
because this leads to loss of wrist motion and potential loss of
ulnar physeal growth. However, Catagni et al. (228) performed
wrist fusion in conjuncton with distraction lengthening in ado-
lescent and young adult patients with recurrent deformity.
Generally, wrist reconstruction is performed before thumb
reconstruction. Ideally, thumb reconstruction should be per-
formed before the child is 18 months of age because the learn-
ing ability for the pinch movement becomes limited once the
central nervous system matures to this stage. In mild forms of
radial dysplasia, the thumb hypoplasia causes functional prob-
lems involving decreased first web space, MCP joint instability,
and weak thenar muscles. The first web space can be deep-
ened with Z-plasties or rotation flaps (274, 275). Release of
adducror and first dorsal interosseous fascia is often necessary.
The MCP joint can be stabilized with local fascia or use of extra
flexor digitorum superficialis tendon length for ligament recon-
struction. On occasion, MCP joint chondrodesis (fusion of the
proximal phalanx epiphysis to the metacarpal head) or arthrod-
esis is appropriate. Opponensplasty is performed simultane-
ously with use of the abductor digiti quint (276), ring-finger
flexor digitorum superficialis, or accessory digital extensors. All
have had reported success in providing opposition strength.
Thumb aplasia is best addressed with pollicization (275, 277).
Toe-to-thumb microvascular transfers have been reported, but
to date the results are less successful than those of index-finger
pollicization. Overall, the quality of the index-finger donor
determines the quality of the subsequent thumb. If there is
significant camptodactyly, the thumb will be stiffer, weaker,
and less often used in pinch acrivities than if the index has full
passive mobility and intrinsic and extrinsic strength. In a well-
performed pollicization, the results are functionally and cos-
metically pleasing to the padent, family, and surgeon.

Complications. Recurrent deformity and premature closure
of the distal ulnar physis are the two major complications
of wrist reconstruction (278-280).The occurrence of these
problems depends on the procedure performed (centralization
versus radialization) and the quality of the preoperative muscu-
loskeleral and soft-tissue anatomy. With radialization, the goal
is to dynamically rebalance the wrist and maintain motion. If
this fails to occur, radial deviation and flexion deformity will
recur with growth. In addition, if there is limited elbow flex-
ion, excessive flexion and radial deviation of the wrist will be
used by the patient to compensate while carrying out activities
of daily living such as oral hygiene and feeding. This contrib-
utes to the recurrence rate.

Physeal arrest is more common with centralization proce-
dures. The forearm is already foreshortened, and this is further
exacerbated by loss of distal growth. Because 70% to 80% of
forearm growth comes from the distal physis, postoperative
growth arrest is a major aesthetic and functional problem (281).

Finally, in patients with radial dysplasia, pollicization pro-
cedures can have poorer results in terms of opposition strength
and active range of motion (282). The opposition weakness
may be improved by opponensplasty transfer (283, 284), bur
there should be a strong donor if the procedure is to succeed.
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Otherwise, the padent will continue to compensate with

lateral digital pinch on the ulnar side of the hand.

Ulnar Dysplasia/Ulnar Clubhand. Ulnar, or postaxial,
longitudinal deficiency is less common than either radial or
central longitudinal deficiency. It is classified as a failure of
formation of parts. The incidence was found by Birch-Jensen
to be 1 in 100,000 live births (240). Ogden et al. (185) cited
a male-to-female ratio of 3:2, with only 25% of the patients
showing bilateral involvement.

Most cases are sporadic, but there are reports of familial
occurrence (285-288). It also occurs as a part of rare, identi-
fied, inheritable syndromes, such as ulnar mammary (Schnirzel)
syndrome, Klippel-Feil syndrome (289-291), and some non-
genetic syndromes such as Cornelia de Lange syndrome. It is
associated with musculoskeletal system malformations in up
10 50% of cases. Contralateral upper extremity deficiencies of
phocomelia, transverse arrest, radial deficiency, and aphalangia
occur commonly. Similarly; lower extremity deficiencies, such as
proximal femoral focal and fibular deficiencies, occur in almost
one-half of the cases. Unlike those with radial dysplasia, it is
uncommon for patients with ulnar deficiency to have associated
major organ system malformations. Ogino and Kato’s experi-
mental data may explain this finding (291). They produced
major deficiencies in rat fetuses by injecting the mothers with
the antimetabolite Myleran. The timing of injection during
the gestational period determined the limb malformation pro-
duced. For example, ulnar deficiencies were produced by earlier
injections than were radial deficiencies. Fetuses that had ulnar
deficiencies had more lethal cardiac malformations. This may
explain why there are fewer major organ system malformations
and a lower incidence of ulnar deficiency among live births.

Clinical Features. Bayne classified ulnar deficiency into
four groups based on the musculoskeletal abnormalities of
the elbow and forearm (292) (Fig. 22-32). Most clinicians use
this system to define and establish treatment plans for these
patients. Type I deficiency is hypoplasia of the ulna. Both dis-
tal and proximal physes of the ulna are present, bur decreased
in growth. There is minimal, nonprogressive bowing of the
radius, and a variable presentation of hand malformations.
Type II deficiency is the most common type and involves par-
tial absence of the ulna. There is a fibrous anlage extending
from the distal ulna to the carpus. The hand is ulnarly devi-
ated, with bowing of the radius, and these deformities may
be progressive with growth. The elbow is stable if there is suf-
ficient proximal ulna present. Again, digital malformations or
absences are variable. Type III deficiency involves complete
absence of the ulna. There is no ulnar anlage. The radius,
wrist, and hand are usually straight. The elbow is unstable as
a result of the lack of an olecranon. Hand malformations and
absences are common. Type IV deficiency involves synostosis
of the distal humerus to the proximal radius. There is an ulnar
anlage present from the distal humerus to the carpus, with
marked bowing of the radius and ulnar deviation of the hand.
Hand anomalies are common also in type IV deformities.



In addition, in these patients the limb is foreshortened and
usually internally rotated. The glenoid may be dysplastic. The
radial head is often dislocated, and range of motion of the elbow
is limited in up to 40% of cases (295). These abnormalities make
placement of the hand in space difficult. The hand malforma-
tions limit pinch, grasp, and release functions. Reconstructive
surgery is indicated for improving hand and wrist orientation,

thumb opposition, and digital motion and strength.

Treatment. There is a scarcity of data regarding the natu-
ral history of untreated ulnar dysplasia. In 1927, Southwood
stated, “From the functional viewpoint, therefore, the deformed
limb is much more useful than its anatomical condition would
lead one to expect” (296). This malformation is not associated
with central nervous system deficiencies. As with all congenital
malformations in individuals with normal brains, the patients
will perform activities well, but differently. Treatment has to
improve function and aesthetics, if it is to be warranted.

Nonsurgical treatment has predominantly involved physi-
cal therapy and corrective casting or splinting. In type I and
III deficiencies, the mild ulnar deviation of the wrist and hand
may be improved with serial casting, splinting, and passive
exercises starting in infancy. In type II and IV deficiencies, the
ulnar anlage may make nonsurgical correction of the severe
ulnar deviation of the hand and wrist impossible.

There is considerable debate regarding the treatment of
the hand that is severely ulnarly deviated and that does not
respond to casting/splinting. There is limited information to
allow for critical evaluation of the options of (a) leaving the
patient alone, (b) performing excision of the ulnar anlage, and
(c) corrective radial osteotomy. Some of the confusion exists
because not all of these deformities are progressive (297). As
Flarr (1) makes clear, it is difficult to critically evaluate the
literature because of limited objective measurements in previ-
ous studies. He correctly points to the low incidence of this
disorder as hampering objective assessment of the therapeutic
options. As with many rare conditions, only multicenter, pro-
spective studies can definitively answer the questions.

The lack of this information allows for subjective inter-
pretation of the treatment options, leading to reluctance to
pursue aggressive surgical intervention. Within these limits, an
arcempt is made to outline treatment options and recommen-
dations for wrist deformity, elbow instability, and digital and
thumb deficiencies.

Resection of the ulnar anlage is indicated for progressive
ulnar deviation of the wrist and hand of >30 degrees. This
can occur in type Il and IV deficiencies (1, 298). Through an
ulna-based incision, the anlage is identified as it inserts into
the carpus. The ulnar artery and nerve should be protecred.
Resection should be performed until neutral positioning of
the wrist can occur intraoperatively. If there is associated
marked ulnar deviation of the radius, concomitant radial oste-
otomy can be performed. However, it is imperative to assess
the locarion of the radial head and the status of forearm rota-
tion before proceeding with anlage excision and consideration
of radial osteotomy.
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If there is a dislocated radial head and limited forearm rota-
tion preoperatively in the type II deformity, anlage excision,
resection of the radial head, and creation of a single-bone fore-
arm should be carried out simultaneously. If there is acceptable
forearm rotation preoperatively, it is best to correct only the wrist
deformity and to monitor the status of the forearm and elbow
with growth. Resection of the radial head for cosmetic reasons
should be performed cautiously because even the dislocated
head may be providing some elbow stability in these patients.

Similarly, creation of a single-bone forearm may result in
improved cosmesis, but the loss of forearm rotation may cause
an unacceptable loss of function. In patients with type IV defi-
ciency, there may be associated internal rotation posture to the
arm that limits placement of the hand in space. If this is pres-
ent, simultaneous external rotation osteotomy of the limb and
ulnar anlage excision should be performed. This is clearly the
case with patients with bilateral deformiry who are unable to
reach their mouths preoperatively.

Repair of digital and thumb deficiencies is indicated.
Syndactyly is common and should be corrected in infancy.
Thumb hypoplasia or absence should also be repaired in
infancy. Broudy and Smith (295) described a modified pol-
licization procedure for the malpositioned thumb in the plane
of motion of the other fingers. Tendon transfers for intrinsic
and extrinsic muscle deficiencies of the thumb and fingers are
indicated if there are adequate donors available.

Madelung Deformity. Madelung (299), in 1878, described
a growth deformity of the distal radius. For reasons that are
still unknown, the volar, ulnar aspect of the distal radial phy-
sis slows or stops growing prematurely. The continued nor-
mal growth of both the ulnar physis and the remaining dorsal,
radial aspect of the radial physis results in ulnar overgrowth,
carpal subluxation, and radial articular deformiry (Fig. 22-33).
Madelung deformity usually occurs in girls and is most often
bilateral (300). It may not become clinically apparent until the
adolescent growth spurt, which is when most patients present.
It is generally sporadic in presentation. It is also associated with
Leri-Weill syndrome, a dyschondrosteosis form of mesomelic
dwarfism that is inherited in an autosomal dominant manner
due to mutation in the SHOX gene (298, 301, 302). In addi-
tion, Madelung deformity has been associated with Hurler
mucopolysaccharidosis, Turner syndrome, osteochondromato-
sis, achondroplasia, and Ollier disease (303). True Madelung
deformity should be distinguished from a posttraumatic or
postinfectious physeal arrest.

Clinical and Radiographic Feature. The clinical and radio-
graphic picture is dependent on the age at presentation and the
severity of the growth arrest (304). Generally, by the time the
affected children are brought for treatment, there is marked
deformity, limitation of motion, and activity-related pain.
Because the condition is usually bilateral, the subtle growth
deformity that occurs before the adolescent growth spurt
is often ignored. However, with early presentation there is a
slight positive ulnar variance and loss of the volar, ulnar aspect
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FIGURE 22-33. A: CT reconstruction of severe Madelung deformity.
Note that the lunate fossa (*) is markedly deficient and oriented ulnarly.
B: Preoperative three-dimensional CT of a patient with Madelung defor-
mity and debilitating ulnocarpal and radioulnar pain. There is nearly
complete deficiency of the lunate fossa and subluxation of the carpus
ulnarly, volarly, and proximally. The ulna has a positive variance. (Figure
courtesy of Children’s Orthopaedic Surgical Foundation (COSF), © 2010.)
C: Postoperative radiograph of a radiodorsal closing-wedge osteotomy
of the radius and ulnar Z-shortening osteotomy in this patient. This
procedure restored radial articular alignment, corrected the ulnocarpal
impaction, and reduced the distal radioulnar joint. (Figure courtesy of
Children’s Orthopaedic Surgical Foundation (COSF), © 2010.)

of the radial lunate fossa (Fig. 23-33). The carpus subluxares
volarly and into the gap between the radius and the ulna.
These patients may have mild symptoms of ulnocarpal impac-
tion with power grip activides, and distal radioulnar joint
incongruity with forearm rotation. More often, individuals
with Madelung deformity present late with marked deformity.
There is an increased tlc of the radial articular surface from
the dorsal radial corner of the styloid to the volar, ulnar aspect
of the depleted lunate fossa (305). The ulnar variance is more
positive, with carpal overlap and dorsal subluxation. The carpus
migrates more proximal into the increasing diastasis between
the radius and the ulna on anteroposterior radiographs. These
patients have more pain and limitation of motion, especially
forearm rotation and wrist extension.

Pathoanatomy. The skeletal features are well described. As
mentioned previously, the arrest of the volar, radial aspect of
the distal radial physis causes subsequent deformity of the
radiocarpal, radioulnar, and ulnocarpal joints. Vickers and
Nielsen (306), Linscheid (307), and Ezaki (300) have described
abnormal tethering of soft tissues from the distal radius to the
carpus and the ulna. These have included aberrant ligaments
(303, 306) and pronator quadratus muscle insertions (307).
It is unclear whether these structures are responsible for or a
consequence of the growth deformity of the radius. Vickers
and Nielsen’s successful treatment of Madelung deformity by
excision of the volar tethering soft tissues and prophylactic
physiolysis of the volar radial physis indicates that there may
be a causal reladonship.



Treatment. The early descriptions of the treatment of
Madelung deformity advocated treatment only for symptom-
atic patients at skeletal maturity (308). Originally, the mere
presence of the deformity was not an indicaton for opera-
tive intervention in the asymptomatic patient, regardless of
age. However, the growth discrepancy is easier to treat if it is
addressed early. Young patients become symptomatic and the
range of function of the limbs becomes restricted with increas-
ing growth deformity. Vickers and Nielsen (306) advocated
early intervention with physiolysis. The treatment principle is
similar to that for Blount disease, with resection of the abnor-
mal volar, ulnar physeal region of the radius and fat interpo-
sition. At the same time, any aberrant, tethering anatomic
structures are excised. Their case series indicates restoration of
radial growth and prevention of progressive deformity. Some
patients with Madelung deformity can present at a very young
age with marked deformity and complete lack of a lunate
fossa for carpal support. In these patients early radial dome
osteotomy and ulnar shortening is warranted but there is a
high rate of recurrent deformity with growth. An alternative
treatment for the patient presenting early is to perform ulnar
and radial epiphysiodesis at the same time as corrective oste-
otomies in order to prevent progressive or recurrent deformity
and symproms. Later length issues may or may not need to
be addressed. In the patient with bilateral disease, this treat-
ment leads to foreshortened upper limbs without side-to-side
discrepancy.

The treatment for a patient presenting late with marked
deformity and symptoms is more common. The radial defor-
mity can be addressed by an osteotomy. Techniques described
include a dome osteotomy, dorsal radial closing-wedge
osteotomy, or volar opening-wedge radial osteotomy and bone
grafting (309). Dome osteotomy is preferred. The ulnar posi-
tive variance may be corrected by the dome osteotomy. If not,
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an ulnar-shortening procedure is required (310). Alternative
methods of ulnar shortening include resection of the distal ulna
and a Sauve-Kapandji procedure. However, these are not usu-
ally performed in the young unless there is already significant
deterioration of the articular cartilage, wrist ligaments, or
triangular fibrocartilage.

HAND REGION

Congenital

Cleft Hand and Symbrachydactyly. Central defects of
the hand have been described in the past as typical or atypical
(311). Since 1992, the International Federation of Societies of
Surgery of the Hand has classified typical cleft hands as clef?
hands and atypical cleft hands as part of symérachydactyly. Clefc
hands represent a partial or complete longitudinal deficiency in
the central portion of the hand (Fig 22-34). The elbow;, fore-
arm, and wrist are usually normal. There are often ulnar and
radial-sided syndactylies and digital hypoplasia. Clefr hands
often occur in conjunction with cleft feet. In that siruation,
there is an autosomal dominant inheritance pattern, mediated
by the SHEM genes. However, the penetrance is variable, with
approximately one-third of the known carriers of the gene hav-
ing no malformations (312, 313). In addition, the phenotypic
expression in affected individuals is variable. Cleft hands are
also associated with other syndromes and malformations such
as cleft lip/palate (ectrodactyly, ectodermal dysplasia, cleft
syndrome), other craniofacial syndromes, Cornelia de Lange
syndrome, congenital heart disease, ocular malformations,
and imperforate anus (313, 314). The incidence is estimared
at between 1 in 90,000 and 1 in 100,000 live births (240,
315, 316). Various classification schemes have been used. Most
have focused on the nature of the deformities (317, 318).

FIGURE 22-34. A: Cleft hand with
absent middle ray. B: Incomplete
syndactyly of the first web space
in the same patient. Closure of the
cleft must include deepening of the
first web space to maintain maxi-
mum hand function. (Figures courtesy
of Children’s Orthopaedic Surgical
Foundation {COSF), © 2010.)
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Manske and Halikis (319) proposed a classification system of
cleft hands based on the thumb and the first web space. This
scheme aids the surgeon in surgical reconstruction decisions
and therefore may be the most useful classification.

Symbrachydactyly is defined by unilateral central digital
deficiencies and simple syndactylies. It is 2 sporadic event with-
out genetic inheritance. There are no associated anomalies. The
feet are normal. It is a unilateral process, often with multiple
absent digital rays. There are often finger nubbins present, which
is a situation not seen in cleft hands. Symbrachydactyly is a trans-
verse deficiency that may or may not be a separate entity from
transverse absence of digits (313). These entides are distinct from
the amputations associated with constriction band syndrome.
Symbrachydactyly should be viewed as a clinical entity distinct
from cleft hand, with a very different treatment plan.

Treatment

Cieft Hands.  As Flatt (1) poignantly stated, “The cleft hand is
a functional triumph and a social disaster.” The wide central
clefr allows for outstanding grasp, release, and pinch functions.
Sensibility is normal. The cleft hand, therefore, usually func-
tions withour limits.

Treatment of the cleft hand centers on closure of the cleft.
However, surgical closure of the cleft must be accompanied
by appropriate treatment of the first web space and thumb to
avoid functional compromise. The skin flaps designed for cleft
closure, however, must take into account the sratus of the first
web space. If the first web space is normal or mildly narrowed
(Manske types I and IIA), simple cleft closure, such as with a
Barsky flap (311), can be performed. If necessary, a simultane-
ous but separate Z-plasty widening of the first web space can be
performed (Manske types IIA and IIB). If the first web space has
a marked syndactyly (Manske type I1I), the flap designs use the
redundant skin of the cleft closure to create a first web space.
The adduction contracture of the thumb is released, and the
index ray is transposed ulnarly at the same time. The Snow-
Littler, Ueba, and Miura flaps (320-322) all involve transposi-
tion of the cleft skin to the first web space, with simultaneous
transposition of the index ray ulnarly. If there is a transverse
bone across the cleft, this must be removed in order to pre-
vent progressive deformity. Often there is a conjoined flexor
and extensor across the base of the cleft that has to be released.
Sometimes, carpal closing-wedge osteotomy is necessary to close
the cleft. In addition, the stability of the index- and ring-finger
MCP joints should be maintained or restored. Associated fourth
web space syndactylies are separated with Z-plasties and skin
grafts. There may be associated camptodactyly or clinodactyly
of the adjacent digits requiring corrective splinting or surgery.

Symbrachydactyly.  The treatment of symbrachydactyly in the
United States is probably the most individualized of that of any
of the congenital malformations. The range of options include
(a) leaving the child alone, (b) nonvascularized transfers to the
soft-tissue nubbins of the phalanges (323, 324), (c) microvas-
cular toe transfer(s) (268, 325-328), (d) web-space deepen-
ing, (e) digital distracdon lengthening or bone grafting (329),

and (f) use of a prosthesis. In addition, families and patients

are very interested in the possibilities of transplantation
and laboratory cellular growth of digits. There is no defini-
tive answer at present. The choice is greatly influenced by the
family’s desires and the surgeon’s experience and biases. There
are few peer-reviewed published studies regarding functional
and cosmetic outcomes that would guide the decision more
objectively. However, there are clear principles to help guide
all parties as to the best choice for them.

The primary goal is to improve pinch. In the presence of a
normal thumb and web space, all of the choices for treatment
will work. In this situation, treatment options focus on the
quality of the other digital rays. If the soft-tissue pockets of
the digits are adequate, nonvascularized transfer of the proxi-
mal phalanx of the toes is a very good choice. Although it will
not provide normal digital length, it will provide stability for
lateral pinch. This must be performed before 18 months of
age and include the periosteum and collateral ligaments (323,
330). The proximal phalanx is harvested through an extensor-
tendon-splitting dorsal approach. The proximal phalanx is
harvested extraperiosteally, while protecting the neighboring
tendons and neurovascular structures. At the metatarsophalan-
geal joint, the collateral ligaments, dorsal capsule, and volar
plate are detached proximally from the metatarsal, while leav-
ing intact their distal attachments to the phalanx. At the PIP
joint, those soft tissues are left attached to the middle pha-
lanx. With transfer to the hand, the proximal soft tissues of
the toe phalanx are sutured to the corresponding soft tissues of
the recipient site. The best results for phalangeal survival and
growth are realized when this procedure is performed before 1
year of age. The quality of the soft-tissue pocket clearly affects
the outcome. Multiple phalangeal transfers can be performed
simultaneously. In the presence of a normal thumb and first
web, digital lengthening is another opdon. In addition, digital
lengthening has been performed successfully after nonvascu-
larized toe phalangeal transfer (329). Finally, prosthetic use
has been tried. The major problems with prostheses are that
children function as well or better without them because the
prostheses are insensate and at times cumbersome. In the ado-
lescent and adult, a cosmetic prosthesis may be used for social
reasons (317). It should be noted that the finest aesthetic pros-
theses are very cxpensive.

If there is a deficient first web space, deepening of the
web with release of the adduction contracture is appropriate.
At times, this may require resection or transfer of the index
metacarpal in order to achieve a useful web for pinch and grasp
functions. If there is absence of the thumb, then digital trans-
position or microvascular transfer is indicated.

Microvascular toe transfer should be performed only if the
patient is a child older than 2 years; the family is well informed
abour all aspects of the surgery and possible outcomes; there
are proximal nerves, vessels, tendons, and muscles available
for creating a viable and functional transfer; there is carpal or
metacarpal support for the transfer; and there is an experienced
surgical team (291). Unfortunately, although this procedure
is being performed more commonly nowadays, objective data
regarding functional, cosmetic, and psychologic outcomes are
still minimal in relation to children.



Constriction Band Syndrome. Conmstriction band syn-
drome, also known as amnionic band syndrome, or amnion
disruption sequence s likely the result of disruption of the inner
placental wall, the amnion. This early amnionic rupture often
results in oligohydramnios and amnionic bands. The fibrous
bands from the amnionic wall wrap around the digits, caus-
ing constricting digital bands, amputations, and syndacty-
lies (313, 331-333). Streeter (334) was the first to propose
that this syndrome is a2 mechanical deformation rather than a
malformation.

There is no inheritance pattern. This syndrome occurs in
approximately 1 in 15,000 live births (335). It is associated with
other musculoskeletal deformations in 50% of cases, the most
common being clubfeet. There may be devastating cleft lip and
facial deformations as a result of deforming amnionic bands.
There are no associated major organ system malformations.

In the hand, the ring finger is most frequently affected.
This may be because in a clenched fist, the ring finger is the
longest. The band may merely cause an indentation. However,
if it is circumferental, the constriction ring may lead to dis-
tal edema or cyanosis. Intrauterine ampurations are the result
of vascular insufficiency caused by the rourniquet-like bands
(335). At times, this can be noted at birth with a necrotic or
severely compromised phalanx distal to a constricting band.
Syndactyly occurs when the bands attach adjacent digits. There
are often skin clefts proximal to the syndactyly, indicating the
embryonic formation of a web space before the amnionic rup-
ture and subsequent deformation. The extremity proximal to
the band is normal. The development of the underlying ten-
dons, nerves, vessels, and muscles is also normal.

Clinical Treatment. Impending tissue necrosis is an indi-
cation for emergent removal of the band to relieve vascular
compromise. This is a rare situation, usually seen only in the
neonatal period (Fig. 22-35). Removal of neonatal constricting
bands that are causing vascular compromise can generally be
petformed outside the operating room. The band will literally
unravel or debride like an eschar. Improved venous drainage is
almost immediate. With recent advances in prenaral diagnosis
and less invasive fetal surgery, there have even been reports of
fetoscopic constriction band release (336, 337). While these
advances hold promise, at present prenatal intervention is not
yet at the stage in which it may considered standard treatment.

Multiple minor band indentations without vascular com-
promise or functional or cosmetic problems do not require
treatment. Constricting rings that cause distal deformity are
treated with excision of the constriction ring and concomitant
or staged Z-plasty reconstruction (Fig. 22-36). Complete exci-
sion of the ring is necessary to recontour the digit or limb. The
depth of excision can extend to the periosteum. Such digits usu-
ally have chronic impaired venous outflow with marked distal
swelling. In these situations, it is imperative to preserve distal
venous drainage and the deep neurovascular structures. Careful
dissection of the veins, arteries, and nerves is performed on
both sides of the deep constricting band. These structures are
then delicately freed from the band to preserve their longitudi-
nal integrity. It is recommended that complete circumferential

CHAPTER 22 | THE UPPER LIMB

FIGURE 22-35.  An amnionic band causing digital ischemia in a neo-
nate in the newborn nursery. This condition is rare and requires imme-
diate removal of the band in order to prevent further soft-tissue digital
loss. (Figure courtesy of Children’s Orthopaedic Surgical Foundation
(COSF), © 2010.)

excision not be performed in one procedure. Rather, excision up
to 270 degrees at one time may be safest for preservation of vas-
cular inflow and outflow. Z-plasties or flap and fat mobilization
are performed after ring excision, so as to prevent recurrence.
Syndactyly release with Z-plasties and skin grafts follows
the basic principles outlined in the section on syndactyly. The
unique features of amnionic band syndrome are acrosyndac-
tyly secondary to constricting bands and the presence of epi-
thelialized incomplete web-space proximal to the syndactyly.
In the rare situation of constricting bands causing progres-
sive deformity in digits of unequal length, early digjtal separa-
tion is necessary. More often, the acrosyndactyly separation can
be performed after 6 months of life. There is usually limited skin

FIGURE 22-36. Bilateral amnionic band syndrome with deep con-
striction rings on the left hand and partial acrosyndactyly and ampu-
tations on the right hand. (Figure courtesy of Children’s Orthopaedic
Surgical Foundation (COSF), © 2010.)
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for coverage, and creative flap design is needed to cover all the
web spaces. Abundant skin graft is necessary. Distal release of
complex syndactylies may require excision of osseous or cartilag-
inous synostoses. The embryologic remnant of the web is usually
too distal and small to serve as an acceptable web reconstruc-
tion. Excision of that epithelial tract is usually performed. If that

primitive web is used, it often must be deepened secondarily.

The most severe cases involve absence or deficiency of
the thumb. The reconstruction can include metacarpal or
phalangeal transposition from the index finger (158, 338),
nonvascularized toe phalangeal transfer, or vascularized toe
transfer (Fig. 22-37). It is imperative to reconstruct the
thumb for pinch and proper grasp and release functions in
these patients.

N

FIGURE 22-37.  A: Preoperative clinical photograph of a toddler with constriction band syndrome and congenital amputa-
tion of the thumb at the metacarpal—phalangeal joint level. B: Preoperative radiograph revealing the level of the congenital
amputation through the proximal phalanx just beyond the epiphysis. C: Intraoperative anatomy of second toe donor harvest for
microscopic transfer and thumb reconstruction. D: Immediate postoperative clinical photograph of toe transfer. This process
led to normal thumb functioning and to a remarkable cosmetic result for the patient.




Because the underlying tissues are normal, as is the cen-
tral nervous system, these patients have outstanding hand
function after reconstruction. There are clear cosmetic dif-
ferences, but minimal funcrional differences between them
and their peers.

Release of Congenital Constriction Band Congenital
constriction bands can occur in any location on a limb. They
occur with varying degrees of severity, ranging from incom-
plete partial rings that may require no treatment to deep rings
that completely encircle the part, creating distal edema and
cyanosis. This ring of abnormal constriction has breadth as
well as depth and consists of abnormal, dense, scar-like tis-
sue. For this reason, the constriction band must be excised
rather than merely incised. If not excised, the dense scar tis-
sue is merely rotated into the flaps. In excising the constric-
tion ring, especially in areas such as the fingers or when it
appears to go down to the bone, great care must be raken not
to divide vital structures that lie beneath. This is especially
troublesome in the fingers. Further, no more than half the
circumference of the constriction ring should be excised at
one time to avoid complete disruption of the lymphatic and
vascular drainage from the distal part. An interval of 2 to
3 months is usually adequate for the reestablishment of the
lymphatic and vascular drainage of the operated half of the
finger.

It is not acceptable simply to excise the ring, no matter
how minor it appears, because attempts to repair the defect
in a linear manner cause the resultant scar to contract, creat-
ing a cosmetic problem. Thus, the treatment of congeniral
constriction bands lies in the application of the principles of
Z-plasty (Figs. 22-38 and 22-42).

Syndactyly. Syndactyly is one of the most common con-
genital deformities. It occurs because of a failure of separation
of the digital rays iz utero. Normal differentiation of digits
occurs during the fifth to eighth weeks of gestation. Failure of
normal programmed cell death results in syn (together) dac-
tylos (digits). The incidence is between 1 in 2000 and 1 in
2500 live births (1). It can occur in isolation or as part of
a syndromic condition. It is often an inheritable condition,
whether in isolation or as part of a syndrome. It is bilateral
and symmetric in up to 50% of patients. It is more common
in boys than in girls.

Syndactyly is classified by the extent of, and the tis-
sues involved in, the webbing. Digital separation iz utero
starts distally and proceeds proximally. Normally, the third
web space is the most distal web, followed by the second,
fourth, and first web spaces. The normal commissure of the
web extends over 30% to 35% of the length of the proximal
phalanx (339). The bones, joints, tendons, and neurovas-
cular structures separate before the skin does. If separation
fails to occur or ends premarurely, syndactyly results. If it
extends over the entire length of the phalanges, then it is
deemed complete. Incomplete syndactyly is when the web
is more distal than is normal bur does not extend to the
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digital tips (Fig. 22-40); complex syndactyly is when there
is osseous connection between the digits; and simple syn-
dactyly is when the digits are joined by skin only (335).
Acrosyndactyly involves webbing of the tips of all the digits.
Syndactyly can also be a part of other major developmen-
tal problems in the hand that affect hand function, such as
brachydactyly, camptodactyly, clinodactyly, symphalangism,
and polydactyly. These are the most complicated syndacty-
lies in terms of surgical decisions and care. As noted in the
preceding section, syndactyly secondary to amnionic band
syndrome is not a malformation, but an iz utero disruption,
and will be considered separately.

Clinical and Radiographic Features. Syndactyly most
often affects the third web space of the hand. It is sequen-
tially less common in the fourth, second, and, finally, first
web spaces (1). It may be associated with syndactyly of the
toes. In isolated syndactyly, often one of the parents will have
an incomplete syndactyly of the fingers and/or toes. As men-
tioned in the preceding text, there are many chromosomal,
craniofacial syndromic, and generalized syndromic condi-
tions associated with syndactyly. There are rare reports of
cardiac conduction defects associated with syndactyly. These
all need to be evaluated before treating the syndactyly. The
most important aspect of the hand evaluation for syndac-
tyly is determination of the quality of the affected digits. In
simple syndactyly, these digits are usually normal except for
their skin union. In more complex situations, the digits may
have malalignment, limited motion, and limited strength
after surgical separation. Plain radiographs will reveal osseous
union and marked joint and bony malalignment. However,
in infancy, the areas of chondral abnormalities in the joints,
physes, and between digits exhibiting syndactyly will not be
visible on plain radiographs. MRI and arteriography are used
only in very complex situations to define digital anatomy pre-
operatively.

Treatment. Patients with incomplete syndactyly may
choose not to undergo surgical separation. If the syndactyly
does not extend to or beyond the PIP join, this will not limit
function. However, it may affect wedding ring wear in the
third web space or the use of gloves during manual labor or
sports-related activities; for this reason, some patients request
separation.

Most parents and children with complete syndactyly
desire separation of the digits for functional and aesthetic rea-
sons. There are rare situations in which a family declines sur-
gery for complete syndactyly. Because of the discrepancy in
the lengths of the adjacent digits, there may be some degree of
bony malalignment and joint contracture. This is most marked
in the border digit syndactylies (first and fourth web spaces),
and least marked in the third web space. Leaving the digits
joined also precludes independent function of the affected dig-
its. There are also syndromic and chromosomal situations in
which the overall health or the mental capacity of the patient
does not warrant the risks of surgical separation. Finally, there

Text continued on page 945



Release of Constriction Bans Syndrome (Figs. 22-38 to 22-39)

FIGURE 22-38. Release of Congenital Constriction Band. The excision of the
constriction band can be marked, although it is usually so obvious that this is not neces-
sary. The flaps of the Z-plasty are then planned. They should be as large as is feasible.
The angle of 60 degrees is believed to provide the optimal balance between the vas-
cular supply to the tip of the flap and the mobility of the base of the flap. Ideally, the
length of the flap should be no more than two times the width of the base of the flap.

FIGURE 22-39. After the constriction
band is excised and the flaps are mobi-
lized, they are transposed. In children,
it is best to use fine absorbable sutures
to avoid the arduous task of suture
removal. Great care should be exercised
in handling the flap tips to avoid necro-
sis. When placing the comner stitches,
the subcutaneous tissue, not the skin,
should be grasped in the flap tip region
to avoid tip necrosis.




FIGURE 22-46. A,B: A 1-year-old child with complete simple third web-space syndactyly. In this patient, the distal eponych-
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ial folds and nail plates are already separate. The underlying joints, tendons, nerves, and blood vessels should be separate and
normal. {Figures courtesy of Children’s Orthopaedic Surgical Foundation (COSF), © 2010.)

are situations of complex syndactyly in which the affected dig-
its are too hypoplastic, malaligned, or stiff to warrant separa-
tion. Otherwise, the standard treatment is surgical separation
of the affected digits.

Unfortunately, separation is not as simple as parents
wish; simple division of the conjoined skin is not sufficient.
The uncovered soft tissues result in linear scars with long-term
joint contractures, digital malalignment, and loss of motion

FIGURE 22-41.
coverage and Z-plasties, as outlined. Note the skin marks on the lateral borders of the ring and long fingers to outline the apex
and base of each Z-plasty. This allows for precision placement of corresponding volar and dorsal Z-plasties. B: Intraoperative
photograph after dorsal-to-volar rotation flap coverage for web space, Z-plasties, and full-thickness skin grafting. {Figures
courtesy of Children’s Orthopaedic Surgical Foundation (COSF), © 2010.)

and function (297, 340). Standard treatment now consists of
(a) vascularized local rotation flap coverage for web commis-
sure reconstitution; (b) zig-zag incisions, avoiding the interdig-
ital creases to prevent scar contractures; and (c) full-thickness
skin grafts to cover all areas of the digits not covered by local
flaps (Fig. 22-41). In addition, special attention is given to the
eponychial reconstruction with either local flaps or composite

grafting (341).

A: Intraoperative photograph of a 1-year-old child with complete syndactyly treated with dorsal rotation flap
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FIGURE 22-42. Radiograph of complex syndactyly of the fourth web
space with progressive deformity of the ring finger. This should be
released early in infancy to prevent progressive deformity. The abnor-
mal middte phalanx of the ring finger may still require corrective oste-
otomy. {Figure courtesy of Children’s Orthopaedic Surgical Foundation
{COSF), © 2010.)

Surgery is generally performed in infancy, when anesthe-
sia and surgical handling of the tissues are safe. There is some
controversy regarding the best age for surgery, but in most
institudons, it is performed at approximately 12 months of
age (342). After 6 months of age, the anesthesia risk is equiva-
lent throughout childhood. With magnificaton, surgery can
be performed safely and skillfully during infancy. The only
controversy concerns surgical healing and scarring. Neonatal
releases result in more scarring. There is some evidence that
surgical release performed at approximately 18 months of age
may result in less scarring and recurrent web contractures than
release during infancy (343). However, this is a very difficult
developmental age for elective surgical intervention. Border
digits of unequal length need to be separated earlier to lessen
angular and rotatory deformity in the longer digit (Fig. 22-42).
Complete separation of the digits in the neonatal period has
had a higher rate of complications.

In incomplete syndactyly that is proximal to the PIP
joint, surgery usually involves the use of local flaps such as
double-opposing Z-plasties and “stickman” or “dancing girl”
flaps. Separation may not be to normal depth, but patients often
prefer to avoid skin grafting (344). If the incomplete syndactyly

extends to the middle phalangeal region, full-thickness
skin grafting is necessary.

In simple, complete syndactyly, surgery involves the use
of a dorsal rotation flap into the web, Z-plasty flaps the length
of the digits, and full-thickness skin grafts to cover the defects.
It is important to have a vascularized flap for web commisure
reconstruction. This is usually done with a dorsal rectangu-
lar flap but may also involve a dorsal metacarpal island flap
(345-347). The fascial connections between the digits extend-
ing from Grayson and Cleland ligaments need to be separated.
Any synostosis or synchondrosis union of the distal phalan-
ges should be divided. Conjoined nails are divided, and the
exposed eponychial and paronychial regions are reconstructed
with local flaps or composite grafts (348, 349). If the com-
mon digital nerve extends beyond the desired web deepening,
cpineural separation is performed proximally. If the common
digital artery bifurcates distally, ligation of one of the proper
digiral arteries may be necessary for obtaining the desired sepa-
ration. This is one of the major reasons why surgery is not
simultaneously performed on both sides of a single digit in
multiple syndactylies.

Recently there has been interest in “graftless” techniques
of digital separation, utilizing pedicled dorsal metacarpal artery
flaps or random pattern advancement flaps from the dorsum of
the hand (350, 351). At present, the superiority of these tech-
niques over traditional release with full thickness skin grafts
has not been demonstrated.

Complex syndactylies are more likely to have abnormal
underlying joints, bones, neurovascular structures, muscles, or
tendons. The separation of skin follows the same principles as
in complete syndactyly. If there is significant digital malalign-
ment, skin incisions may need to be modified so as to maximize
coverage. After separation of the skin, all abnormal connec-
tons of fascia, tendons, bones, joints, nerves, and arteries need
to be addressed individually. Phalangeal deformity may require
osteotomy. Instability of the joints may require ligamentous
reconstruction. Stiffness of the joints, camptodactyly, or sym-
phalangism may need to be dealt with subsequently. Neural,
vascular, and nail problems are managed in a manner similar to
those described for complete syndactyly. Tendon reconstruc-
tion is performed primarily if possible. Brachydactyly is usually
addressed subsequently; if at all.

Acrosyndacryly separation begins early in life, especially if
it is bilateral. Adjacent webs are not separated simultaneously.
Generally, the first and third webs are separated together, as are
the second and fourth webs. Abundant full-thickness skin graft
is usually required. Sufficient time between procedures (3 to
6 months) lessens worries about flap necrosis and scar contrac-
wre. In syndromic conditions, such as Apert syndrome, the
acrosyndactyly is more complex, and normalcy may never be

achieved (352, 353).

Complications. Fortunately, the most worrisome complication—
an avascular digit—is almost never encountered and should
Text continued on page 949



Release of Simple Sundactyly (Figs. 22-43 to 23-45)
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FIGURE 22-43. Release of Simple Syndactyly. The first part of the operation is to plan the incisions. Many dif-
ferent incisions work well, and surgeons often prefer to use the one that they were taught. The planning begins with
the flap that will be used to reconstruct a commissure. The broad dorsal flap, first described by Bauer and colleagues
(3), has received wide acceptance and is described here. The flap begins at the metacarpophalangeal joint and extends
about two-thirds of the way to the proximal interphalangeal joint. It is about 1cm in width and should taper slightly
from the base to the tip (A). Before the volar incisions are made, it is first necessary to determine the location of the
commissure on the volar surface. The location can be determined by examining the hand from the radial side in the
clenched-fist position. In the normal hand (B), the commissure is about midway between the metacarpal head and the
distal condyle of the proximal phalanx. This point can be marked by passing a small needle from the dorsal to the volar
surface along this midway mark. At this point, a transverse incision can be made to provide the area where the dorsal
flap will be sutured. After this, dorsal and volar zigzag incisions are made out to the distal interphalangeal joint (C)
in such a manner that the base of the triangle of the volar flap matches the tip of the dorsal flap, and vice versa. The
planning of this interdigitation can be aided by passing a small 27-gauge needle through the dorsal and volar skin to
mark the tips of the flaps.

From the distal interphalangeal joint to the tip of the fingers, a straight longitudinal incision is made to complete
the separation of the skin. Making one clean, sharp, decisive incision through the nail plate, if it is joined, will help avoid
damaging it. As these flaps are developed, it is extremely important that they are defatted. This increases their mobility
and decreases the postoperative swelling.




FIGURE 22-44. There is usually a clear line of separation between the two fingers in a simple syndactyly (A}, with
little crossing of fibrous bands or blood vessels. In some cases, however, the digital vessels or nerves can divide
more distally than usual. It is therefore necessary to isolate the neurovascular bundles. This isolation should start
distally (B), following these structures proximally until their junction is found. If the nerve divides more distally than
is desirable, it can be split. If the vessels divide more distally, the surgeon must decide whether to divide one of
these o allow the commissure to be moved more proximally to the correct location. Some surgeons do not advocate
this, but it is commonly done. If one vessel is divided, it should be recorded carefully in the operative note so that
on further surgical planning these records can account for the fact that only one artery supplies the digit. This is
especially important when there is a syndactyly on the other side of the affected finger.

i
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FIGURE 22-45. The flaps are now sutured into place, starting with the dorsal flap. Before this is done, it is important to
be sure that the flaps are defatted. The flaps should be sutured with a fine, absorbable material (A} so that these sutures
will not have to be removed.

This leaves two areas on each finger to be grafted: the most distal and most proximal portion of each finger. Thin,
full-thickness skin (B) should be used for this coverage. It can be obtained most easily from the groin crease; however,
the physician must be careful to stay far enough laterally to avoid skin that will later grow hair. This full-thickness skin
should be obtained lateral to the femoral artery and preferably even more laterally, from an area below and just medial to
the anterosuperior iliac spine. The defect from the donor area of the graft is closed primarily, and the graft is sutured into
the recipient areas. A pressure dressing that applies gentle compression to the flaps and the skin grafts is essential. This
should be covered with a rigid plaster that extends above the elbow to immobilize the child’s arm.




be avoidable. Adherence to the axiom of never operating on
both sides of a digit during the same procedure prevents the
occurrence of this devastating complication. Careful dis-
section of the digital vessels in complex situations lessens
the risk of avascularity at the initial or subsequent operations.
Preoperative vascular studies in complicated situations pre-
pare the surgeon and allow him or her to avoid intraoperative
surprises and dangers. Flap necrosis and scar contracture are
more common. The flaps should be secured without tension,
and their vascularity should be checked with deflation of the
tourniquer at the completion of the procedure. If in doubrt,
lessen the tension and use skin graft. Skin graft failure is usu-
ally caused by inadequate immobilization and excessive shear
forces applied to the grafts. Secure immobilization with a com-
pressive dressing, long-arm cast, and sling and swathe bandages
is necessary for protecting the grafts. Infection is rare but will
result in marked scar contractures that require reoperation.
Long-term issues that have been reported regarding skin graft
sites include contracture formation, graft breakdown (both
incidences are seen more often with split thickness grafts),
hyperpigmentation, and hair growth (both incidences are seen
more often with full-thickness grafts) (354). Nail deformity
and poor eponychial coverage are common when there is an
initial conjoined nail. The use of composite grafts seems to
lessen the incidence of these complications. Web-space creep is
common with growth, but often does not require reoperation
unless digital contractures develop. The use of local rotation
flaps and skin grafts will resolve this problem. Keloid formation
is rare bur has been shown to be associated with primary digital
enlargement before syndactyly separation (355). Finally, angu-
lar deformity may require osteotomy or joint reconstruction.

Polydactyly. Polydactyly is a common congenital malfor-
mation. It can occur on the radial (preaxial), central, or ulnar

(postaxial) portion of the hand. Preaxial, or thumb, polydac-

tyly- usually occurs in isolation and will be addressed in the
section dealing with the thumb. Central polydactyly is very
rare and is usually associated with syndactyly; the underlying
digits are rarely normal. It can be inherited in an autosomal
dominant manner. It affects girls more than boys and is often
bilateral. Postaxial or small-finger polydactyly has a variable
racial incidence, with the occurrence in African Americans esti-
mated to be as high as 1 in 230 live births, and that in whites
estimated to be 1 in 3000 live births (356-358). It is often
bilateral. Postaxial polydactyly has been classified by Stelling
(359, 360) and Turek into three types. Type I involves soft tis-
sue alone and is very common in the African American popula-
tion. Type II involves phalangeal duplication articulating with
a single or bifid metacarpal head. Type III involves a complete
ulnar ray duplication, including the metacarpal. There is also
a universal classification of polydactyly proposed by Buck-
Gramcko and Behrens (335) that denotes the digit involved
by a Roman numeral (I to V) and the extent of bifurcation
by abbreviation [DIST (distal), DIP (distal interphalangeal),
MID (middle), PIP (proximal interphalangeal), PROX (proxi-
mal), MCP (metacarpophalangeal), MET (metacarpal), CMC
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(carpomeracarpal), C (carpal), IC (intercarpal), and RUD
(rudimentary polydactyly)]. The major issue for the surgeon
is not the classification of the polydactyly, but whether exci-
sion with reconstruction, or excision alone, is warranted. Only
postaxial soft-tissue polydactyly (type I, or rudimentary) can be
treated by excision alone. All other forms require reconstruc-
tion. Central polydactyly is usually an isolated malformation,
and postaxial polydactyly in African Americans is almost always
an isolated malformation. Postaxial polydactyly in whites with-
out a positive family history may be associated with chromo-
somal abnormalities, other syndromes, or other malformations.

Treatment. Soft-tissue polydactyly on the ulnar side can be
treated with excision during the newborn period (Fig. 22-46).
Unfortunarely, too often this has been performed with a suture
ligature by inexperienced hands. The result is a persistent soft-
tissue nubbin caused by incomplete excision of the base of the
digit. If a suture ligature is used, it must bring about necro-
sis of the entire digit. Otherwise, it may be best to perform
an elliptical excision under local anesthesia. Care is taken to
ligate the digital vessels with this excision. Other than failure
to completely excise the digit, complications are rare, and the
hand is normal afterward. There have been reports of trau-
matic neuromas along with hypertrophic scars that have led to
late problems and the need for repeat surgery (361, 362). The
parents should be aware of the future genetic implications for
them and their children.

More complex postaxial polydactylies require excision and
reconstruction in the operating room. In addition to excising

FIGURE 22-46. A: Complete postaxial polydactyly with phalangeal
duplication with a conjoined metacarpal.
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{continued) B: Radiograph of the same patient. Reconstruction will consist of excision of the duplicate pha-

langes, contouring of the bifid metacarpal head, and transfer of the metacarpophalangeal joint ulnar collateral ligament and
the hypothenar musculature to the reconstructed fifth digit. C: Simple polydactyly with only soft-tissue attachment. This can
be excised in the newborn nursery under local anesthesia. Care must he exercised while performing suture ligature; the
entire stalk should be excised so as to avoid leaving a residual nubbin. (Figures courtesy of Children’s Orthopaedic Surgical

Foundation {COSF), © 2010.}

the redundant parts, transfer of the hypothenar muscles
(abducror digiti quind, flexor digiti quinti) from the sixth to
the fifth digit is necessary. In type II  polydactyly, the MCP
joint collateral ligaments are also transferred to the recon-
structed fifth digit. If the metacarpal head is enlarged or bifid,
intra-articular osteotomy is appropriate. In this procedure, the
origins of the collateral ligament and the metacarpal physis
should be preserved. In type III polydactyly, the entire ray is
resected, and the basilar joint is stabilized. The outcome of sur-
gery in both type II and III malformations is usually cosmetic
and functional normalcy

Treatment of central synpolydactyly is much more
complex (363, 364). The major decision is whether it is
feasible to achieve independently functioning digits. The
choices are to leave the digits conjoined, to attempt recon-
struction to a five-digit hand, or to perform ray resections
of part or all of the synpolydactyly. Often the involved
digits have bone and joint malalignment, hypoplasia, and
poor motor, nerve, and vascular supplies. The reconstructed
digit is usually smaller, stiffer, weaker, and malaligned. The
family needs to be well aware of this, so that their expecra-
tions are realistic as far as surgical reconstruction and digital
function are concerned. Treatment decisions in this condi-
tion are often personal, based on the family’s desires and the
surgeon’s preferences.

Camptedactyly. Camprodactyly translates from Greek to
mean bent finger. It involves a flexion deformity of the PIP
joint, most commonly in the small finger. It may present in
infancy or in adolescence. It may involve a single digit or mul-
tiple digits (Fig. 22-47).

Camptodactyly may be associated with multiple systemic
malformations. Its incidence is unknown but has been cited
at <1% of the general population (313, 332, 365). Most cases
appear in infancy, and there is equal gender distribution (366).
Less commonly, it may first appear in adolescence, usually in
gitls (367). Some cases are familial, with an autosomal dominant
inheritance etiology and vatiable penetrance patterns. Most cases
are isolated, without a positive family history. Up to two-thirds
of the patients have bilateral small-finger involvement. It is
important to distinguish camptodactyly from neurologic causes
of clawing or from posttraumatic butonniere deformities (368).

The etology is unknown and continues to be debated.
In simple terms, there is an anatomic imbalance berween the
flexor and the extensor mechanisms (366). This may be sec-
ondary to an abnormal insertion of the lumbricals, hypoplastic
or foreshortened flexor digitorum superficialis, or retinacu-
lar ligament anomalies (369-371)). The volar skin is usually
tight. With growth, these anatomic abnormalities cause PIP
joint contracture and phalangeal bony abnormalities. The dis-
tal proximal phalanx becomes narrowed volarly and flattened



FIGURE 22-47. An adolescent patient with marked camptodactyly
of the small, ring, and long fingers. There are proximal interphalan-
geal joint flexion contractures in each digit, and the patient is actively
hyperextending the metacarpophalangeal joints to compensate
for those contractures. (Figures courtesy of Children’s Orthopaedic
Surgical Foundation {COSF), © 2010.)

dorsally, with loss of the normal contour of the head. The
articular surface can become incongruous, with notching of
the base of the middle phalanx (372). Initially, the patient can
compensate for the PIP joint flexion contracture by MCP and
distal interphalangeal (DIP) joint hyperextension (Fig. 23-24).
This keeps the digital pulp of the affected fingers in line with
the other digital rays. Therefore, the mild contracrure in the
older child may not need treatment. However, as the contrac-
ture continues to progress beyond 30 degrees and toward 90
degrees, it becomes more difficult for the patient to compen-
sate. Camprodactyly is usually progressive with growth.

Treatment. Treatment should attempt to restore normal
flexor—extensor balance. The options for treatment are splint-
ing and surgical reconstruction. Most clinicians recommend an
initial treatment program of progressive passive extension and
splinting with dynamic or progressive static splints. Parents are
instructed to perform frequent home exercises for their infants;
affected adolescents are similarly instructed to perform a home
program for themselves. The goal is to achieve full or normal
passive extension. It is hoped that active extension will follow.
Many clinicians (367, 373-375) report success with a splint-

ing program in most cases. The best results are in mild cases
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in young patients. The patients are followed until the end of
growth in order to treat recurrence if it occurs.

There is significant debate regarding the indications for
surgery. McFarlane er al. strongly recommend surgical inter-
vention to reconstruct the aberrant insertion of the lumbrical
(371, 376). However, the published surgical results are disap-
pointing in terms of outcome (371, 374, 376, 377). Surgery is
reserved for severe contractures that are not amenable to splint-
ing treatment. Specifically, surgery shows best results in patients
in whom the finger is flexed into the palm and obstructs use
of the hand. The principle of surgical intervendon is to correct
the abnormal anatomy. This involves release of the aberrant
lumbrical (313, 332, 371, 376) or flexor digitorum superficialis
(370) inserton in conjunction with volar Z-plasties and PIP
joint release (378). Local flaps or full-thickness skin grafts are
often necessary for volar skin coverage. Tendon transfer to the
extensor mechanism is performed in patients with full passive
extension of the PIP joint, but no active extension (379). The
results of soft-tissue reconstruction often merely change the
arc of motion rather than normalize it. Preoperatively, patients
have significant flexion contracture. Postoperatively, they gen-
erally have difficulty achieving full active and passive flexion.

There are frequently bony changes present at the PIP joint,
and these preclude restoration of normal motion or alignment.
Oldfield (380) and Flatt (1) have stated that, in the presence of
marked radiographic evidence of bone and joint changes, cor-
rective extension osteotomy may be most effective at improving
alignment and function. The published data about this salvage
operation are too limited to enable objective evaluation (381).

In summary, with treatment of camprodacryly, it is unusual to
achieve a perfectly aligned and mobile digit. Parents and patients
should be aware of this from the outset. In addition, deformity
can recur with growth and persistent muscle imbalance.

Clinodactyly. Clinodactyly is abnormal angulation (>10
degrees) of the digit in the radioulnar plane. It is usually caused
by abnormalities of the middle phalanx. The middle phalanx is
trapezoidal, with less height on the radial side. This results in
deviation at the DIP joint. Clinodactyly is most often seen in the
small finger and is usually bilateral. This form of clinodactyly has
an autosomal dominant inheritance (382-385). Clinodactyly is
also frequently associated with syndromes (Holt-Oram, Turner,
Silver, and Cornelia de Lange) and chromosomal abnormalities
(trisomies 18 and 21), and should alert the primary neonatal
examiner to look for associated malformations or problems. For
example, clinodactyly of the thumb is seen in Rubinstein-Taybi
syndrome (386, 387) and diastrophic dwarfism (388, 389). In
addition, it is common with other congenital abnormalities of
the hand. Mild clinodactyly, however, is commonplace in oth-
erwise healthy individuals. In these situations, the major issue is
aesthetic. Function is affected only when the deformiry is severe
enough to impinge on the adjacent digit during flexion.

Treatment. Treatment is based on the degree of deformity.
Most cases are mild and nonprogressive, and therefore do not
warrant surgical intervention. Progressive, severe clinodactyly



CHAPTER 22 | THE UPPER LIMB

may interfere with flexion and grip. In these rare situations, the
progtessive deformity is secondary to altered physeal growth.
The middle phalangeal physis may be a bracketed delta pha-
fanx. Treatment options are epiphyseal bracket resection and
surgical realignment. Physeal bar resection and fat graft inter-
position have been reported by Vickers (390, 391) to restore
longitudinal growth and provide correction (392). Surgical
realignment can be in the form of opening-wedge, closing-
wedge, and reverse-wedge osteotormies. Osteotomy should be
delayed until there is sufficient ossification of the middle pha-
lanx to allow for precise cuts. Generally, this is around school
age. The complications of osteotomy are persistent deformity
and loss of interphalangeal motion. Loss of motion in a patient
whose indication for surgery was purely aesthetic is unaccept-
able to most patients, their families, and surgeons.

HAND: THUMB

Congenital deformities of the thumb occur in all categories of
congenital hand anomalies described by the American Society
and the International Federation of Societies for Surgery of the
Hand. Failure of formation occurs with aplasia of the thumb, and
this is often associated with other radial-sided longitudinal defi-
clencies (Fig 22-48). Failure of separation occurs with thumb—
index syndactylies, which are common with other syndactyly
syndromes. Duplication is seen in the form of thumb polydac-
tyly, undergrowth as thumb hypoplasia, and overgrowth as mac-
rodactyly and triphalangeal thumbs. Also, thumb abnormalities
are common as part of constriction band syndrome or generalized
musculoskeletal disorders. The list is exhaustive and this section
will cover the more common congenital thumb malformations.

Trigger Thumbs/Digits. Trigger thumb represents an
abnormality of the flexor pollicis longus and its tendon sheath
at the Al pulley, where there is a palpable mass (Notta nodule),
representing the flexor pollicis longus constriction at the Al
pulley. In the past, trigger thumbs were thought to be con-
genital. However, this condition is a/most always acquired in
the first 2 years of life, as indicated by a prospective screening
of neonates, which failed to record any trigger thumbs (393~
395). The cause appears to be a size mismatch between the
flexor pollicis longus and the A1 pulley, leading to progressive
constriction. Unlike adult trigger digits, there does not appear
to be an inflammatory component (396); 30% of the cases
are bilateral. Isolated trigger thumbs have no associated syn-
dromes. However, trigger digits are secen with neurologic syn-
dromes (trisomy 18) and mucopolysaccharidoses (119). There
is no familial inheritance pattern. Patients with trigger chumb
present at ages ranging from infancy to school age. Often, the
diagnosis is missed until local trauma brings attention to the
thumb. In the emergency setting, the flexed interphalangeal
joint can be mistaken for an interphalangeal joint dislocation.
Radiographs are misleading because of limited phalangeal
ossification. A palpable nodule at the Al pulley is diagnostic.
If the trigger is longstanding, compensatory hyperextension of

FIGURE 22-48. Radiograph of a thumb with type lIIB hypoplasia
without a carpometacarpal joint and proximal thumb metacarpal. This
is usually treated with pollicization. Less often, treatment is by recon-
struction, potentially including a microvascular toe metatarsophalan-
geal transfer to form a thumb carpometacarpal joint. Note the radial
dysplasia in this patient.

the MCP joint develops to effectively bring the thumb out of
the palm. In addition, mild radial deviation of the interpha-

langeal joint may develop, secondary to eccentric flexor pull.

Treatment. In infants younger than 9 months of age, Dinham
and Meggit (397) found that 30% of trigger thumbs may resolve
spontaneously. In infants older than 1 year of age, <10% of trig-
ger thumbs resolved spontaneously. Ger et al. (398) found lack
of resolution in their patients after observation for 3 years. There
is limited evidence that splinting is of benefit (399), and often it
is not well tolerated. For these reasons, surgical release of the con-
stricting A1 pulley and the flexor tendon sheath has historically
been the treatment of choice in infants who show no spontane-
ous resolution by 1 year of age, and in any toddler or older child
presenting with a locked trigger thumb (Figs 22-49 to 22-52).
Incision is made transversely in the digital crease to lessen scar-
ring. Care must be taken to avoid injury 1o the superficial digital
neurovascular bundles. The oblique pulley has to be preserved
so as to prevent flexor tendon bowstringing. Recurrence is
extremely rare. Recently, recommendations for earlier surgical
release have been reexamined given new information regarding
the natural history and potential for spontaneous improvement in
IP joint extension (400). In a prospective evaluation of 71 thumbs

Text continued on page 954
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Release of Congenital Trigger Thumb (Figs. 22-49 to 22-52)

FIGURE 22-49. Release of Congenital
Trigger Thumb. Although this release can
be done through a simple transverse incision,
an ulnar-based zigzag incision over the flexor
crease of the metacarpophalangeal joint
provides better exposure. The incision is per-
haps the most difficult part of the operation
because the radial digital nerve crosses the
midline at exactly this point. Also, because
RADIAL DIGITAL NERVE the radial digital nerve lies just beneath the
skin, it can be divided easily while making the
skin incision.

RADIAL DIGITAL NERVE

FIGURE 22-51. After it is safely extracted out of the way, the A-1
FIGURE 22-50.  After the dermis is divided, small, sharp scissors pulleyis incised. It is usually not necessary to excise a portion of this
or a hemostat is used to dissect out the radial digital nerve. pulley or shave the nodule, which will disappear after the release.
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FIGURE 22-52. The thumb is extended fully to be certain that
the release is complete. The release should not be extended too
far distally so that the bow stringing of the flexor pollicis longus
tendon is avoided. Only the skin is closed.

in 53 children, 63% achieved spontaneous full IP joint exten-
sion with observation alone at 4 years after presentation.

Trigger digits are more often multiple, and can be asso-
ciated with central nervous system disorders and syndromes
(trisomy 18, mucopolysaccharidoses). The pathology appears
to predominate at the decussation of the flexor tendons under
the A2 pulley, and not at the Al pulley alone. The trigger-
ing appears to occur as the flexor digitorum profundus passes
through the chiasm of the flexor digitorum superficialis.
Surgical recurrence following Al pulley release alone is high
in pediatric trigger digits. Further opening of the chiasm or
resection of a slip of the flexor digitorum superficialis is often
necessary to prevent recurrence (401, 402).

Release of Congenital Trigger Thumb Congenital
trigger thumb is usually noted by the parent after birth (Figs.
22-49 to 22-52). In some cases it may be possible to extend
the thumb, in which case a trial of nonoperative treatment is
indicated (256). A course of observation is indicated in most
circumstances because about 40% of the cases resolve and full
motion results after surgery if it is performed in the first 3 years

of life (398)

Hypoplasia/Aplasia of the Thumb. Children with
thumb hypoplasia or aplasia will have deficient prehension and
grasp. Thumb hypoplasia or aplasia can occur in isolation, or be
associated with other radial-sided deficiency syndromes (Holt-
Oram and Fanconi syndromes). It is seen universally in radial
dysplasia. It is also common in other congenital malformations

(277, 403), including those of the cardiac, craniofacial,

TABLE 22-3

CT scan/MRI findings

I Small thumb with hypoplasia of abductor pol-
licus brevis and opponens pollicus
Il Narrow first web space, laxity of the ulnar col-
lateral ligament of the metacarpophalangeal
joint, thenar muscle hypoplasia
Il Global thenar weakness and metacarpophalan-
geal joint collateral ligament instability, par-
tial aplasia of the first metacarpal; extrinsic
weakness
HA As in the previous category, with proximal meta-
carpal and carpometacarpal joints present
B Absent proximal metacarpal, with deficient car-
pometacarpal joint
v Pouce flottant (floating thumb};-no bony: sup-
port V Thumb aplasia

S

Findings are additive with increasing severity.

Adapted from Tada K, Kurisaki E, Yonenobu K, et al. Central polydactyly—a review
of 12 cases and their surgical treatment. J Hand Surg [Am] 1982;7(5):460-465;
Wood VE. Treatment of central polydactyly. Clin Orthop Relat Res 1971,74:196—
205; Kay S. Camptodactyly. In: Green DP, Hotchkiss RN, Pederson WC. eds. Green’s
operative hand surgery, 4th ed. New York, Churchill-Livingstone, 1999:510, with
permission.

musculoskeletal, renal, gastrointestinal, and hematopoietic sys-
tems. It may involve hypoplasia of the metacarpals (Cornelia
de Lange syndrome and diastrophic dwarfism) or phalanges
(Rubinstein-Taybi and Apert syndromes). The finding of a
thumb deficiency in a neonate should prompt a thorough mul-
tiple-system examination for other malformations. In addition,
a DEB screening for Fanconi anemia is recommended for all
infants with radial-sided defects including thumb hypoplasia.
In general terms, the clinical manifestations of thumb
hypoplasia include a contracted first web space, unstable MCP
joint, thenar weakness, and interphalangeal joint stiffness or
instability. Buck-Gramcko (404) and Manske et al. (405) have
modified the Blauth (406) classification for thumb hypoplasia.
This classification system is useful from the point of view of treat-
ment considerations. There are five types of thumb hypoplasia
in the Buck-Gramcko modification of the Blauth classification
(Table 22-3). A type I thumb is essentially 2 normal thumb,
except for diminished size. A type II thumb is even smaller and
narrower, with a contracted first web space and thenar atrophy.
Type IIT thumbs have marked atrophy or absence of both the
intrinsic and the extrinsic musculature. The thumb is globally
unstable and underdeveloped. Manske et al. (405) further subdi-
vided type III thumbs into A and B categories. Type IIIA thumbs
have a stable carpometacarpal (CMC) joint, whereas type IIIB
thumbs have absence of the proximal metacarpal and trapezium.
Type I1IB thumbs have no basilar joint stability (Fig. 22-53).
Type IV thumbs are the classic pouce flottant or “floatng
thumbs.” A type V demonstrates complete aplasia of the thumb.



The pathoanatomy is dependent on the severity of the
thumb hypoplasia. Universally, the thumb ray bones are smaller
and narrower. The interphalangeal joint is usually underdevel-
oped and stiff. The first web space is contracted in all except the
rare type I thumb. The MCP joint usually has ulnar collateral
ligament insufficiency, but may be globally unstable. The the-
nar intrinsics are deficient, and they may be completely absent
in the more severe forms of hypoplasia. The thumb’s extrinsic

HUBER TRANSFER
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PRESERVATION OF
NEUROVASCULAR
BUNDLE

ABDUCTOR
DIGITI QUINTI

FIGURE 22-53. A: lllustration of Huber opponensplasty trans-
fer of abductor digiti quinti to the abductor pollicus brevis for a
hypoplastic thumb reconstruction. It is imperative that the neu-
rovascular bundle be preserved proximally during the transfer. B:
Postoperative clinical photograph of opposition pinch in a patient
with a Huber opponensplasty reconstruction. (Figure courtesy of
Children’s Orthopaedic Surgical Foundation {COSF), © 2010.)

musculature is progressively deficient in the classificadon scheme.
The major anatomic determining factor for reconstruction is the
status of the CMC joint. Type IIIB and type IV thumbs have
no basilar joints. Plain radiographs are helpful in distinguishing
the skeletal development, including the carpus and distal radius.

Treatment. The choice in the treatment of children with
thumb hypoplasia is whether to do sutgery or not. If left alone,
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these children will adapt. They will use lateral pinch between
the long and the index fingers. However, the deficiencies in
pinch, grasp, and fine motor activities will be significant.
Surgical reconstruction can improve function and aesthetics
and is advised (407).

Reconstruction of the hypoplastic thumb, therefore,

includes first web space deepening; opponensplasty, with either
the abductor digiti quinti accessory extrinsic extensor (EIP or
EDQ) the ring-finger flexor digitorum superficialis tendon; and
MCP joint stabilization, with either ligamentous reconstruc-
tion or chondrodesis/arthrodesis. Blauth types I to ITIA should
be reconstructed according to these principles (Fig. 22-53).
The choice of first web-space deepening procedure includes
two-part and four-part Z-plasties or the use of dorsal rotation
flaps from the index finger, thumb, or hand. The degree of con-
tracture determines the amount of skin necessary to provide
a normal depth and breadth to the web for pinch and grasp
activities. The abductor digiti quinti transfer for opposition can
be used in the infant with a relatively stable MCP joint. Care
must be raken to protect the proximal neurovascular pedicle to
the abductor digiti quintd muscle, avoiding overzealous dissec-
tion near the pisiform (260). In older children, or in patients
with marked instability of the MCP joint, the ring-finger flexor
digitorum superficialis is used for opposition. After the ten-
don is sewn into the proximal phalanx and extensor hood, the
additonal tendon length can be used for MCP ligamentous
reconstruction. In addition to the flexor digitorum superficialis
tendon, local fascia from the adductor can be mobilized for
ligamentous augmentation at the MCP joint. If soft-tissue pro-
cedures fail, or the instability at the MCP joint is too severe,
fusion can be performed. The physis of the proximal phalanx
should be preserved so as to maximize growth of the thumb ray.
Chondrodesis of the metacarpal head to the epiphysis of the
proximal phalanx is desirable in the young (408).

Thumb hypoplasia with the absence of a basal joint (type
MIB), pouce flortant (type IV), or aplasia of the thumb (type V)
is a candidate for pollicization of the index finger. The major
area of controversy is still the type IIIB thumb. In the absence
of a CMC joint, the results of reconstruction have been disap-
pointing (409). It is a difficult decision for the parents to accept
pollicization in these children because of the relatively normal
appearance of the thumb. However, reconstruction without
a CMC joint leads to continued lateral pinch of the index
and long fingers, rather than use of the reconstructed thumb.
CMC joint reconstruction, with microvascular transfer of a toe
metatarsophalangeal joint, has rarely been performed in chil-
dren with type IIIB thumbs (409) as an alternative to polliciza-
tion in these children. Surgery is performed later and is quite
extensive. Pollicization involves the conversion of the tripha-
langeal index finger, without a basilar joint and a narrow web
space, to a biphalangeal thumb with 2 CMC joint and a deep
first web space. It results in a four-digit hand (three fingers
and thumb). The removal of the index metacarpal and the use
of the index metacarpal epiphysis as the trapezium enable the
surgeon to properly position and cover the thumb. The tech-
nique described by Buck-Gramcko is used most commonly
(274, 275) utilized (Fig. 22-54). In the congenital absence

of the thumb, this is better than microvascular toe transfer.
Thumb reconstruction or pollicization is generally performed
berween 6 and 18 months of age. The quality of the pollicized
digit is dependent on the quality of the original index finger,
in terms of tendon function and joint motion. Patents with
thumb aplasia and radial dysplasia generally do more poorly
because the involved index finger has deficient musculature
and camptodactyly. Manske and McCarroll (284) performed
secondary opposition transfers in children with poor polliciza-
tions. The best results are seen in children who have aplasia
alone and normal index fingers (Fig. 22-55) (408, 410-413).

Thumb Duplication

Preaxial Polydactyly. Thumb duplication may be a mis-
nomer because it implies that there are two normal thumbs
whereas, in fact, both thumbs are hypoplastic. In isolation,
thumb duplication is usually a sporadic occurrence. It is rarely
associated with genetic syndromes, such as acrocephalopoly-
syndactyly (Nocack and Carpenter types) and Holt-Oram
or Robinow syndromes. If it is associated with a triphalan-
geal thumb or with duplication of the grear toe, it may be
autosomal dominant, with variable penetrance (414). The
locus for preaxial polydactyly has been mapped to chromo-
some 7q36 (415). Preaxial polydactyly is a rare occurrence,
with an incidence estimated at 0.08 in 100,000 live births.
There are many different classification systems, including the
universal (416), Marks and Bayne (417), and Wassel (418)
systems. Classification by the Wassel system is dependent
on the number of bifid or duplicated phalanges or metacar-
pals, starting distally and progressing proximally (Fig. 22-55).
A bifid distal phalanx is Wassel type I. A duplicated distal pha-
fanx is type II (Fig. 22-56), constituting approximately 20%
of all thumb duplications. A duplicated distal phalanx with a
bifid proximal phalanx is type III. A thumb with duplicated
proximal and distal phalanges is type IV, which is the most
common type (approximately 40%) (Fig. 22-57). Duplicated
proximal and distal phalanges with a bifid MCP (or MET) is
type V. Duplication of all phalanges and metacarpals is type
V1. Any duplication with a triphalangeal thumb is type VII,
which accounts for approximately 20% of thumb duplications.

The pathoanatomy is dependent on the type of polydac-
tyly. The nails, bones, joints, ligaments, muscles, tendons,
nerves, and blood vessels are split between the two digits.
In addition, there can be hypoplasia or aplasia of any of the
normal anatomic elements of a thumb. Plain radiographs will
generally provide definitive information regarding skeletal
pathoanatomy. Careful surgical exploration will define the
soft-tissue anatomy.

Treatment. Surgical reconstruction is the treatment of choice
to improve function and aesthetics. Unlike postaxial polydac-
tyly, ablation in the nursery is not recommended, even for the
simplest preaxial polydactyly. Too often, the thenar muscula-
ture and collateral ligaments insert on the radius-based digit
and can be lost with simple excision (419-421).

Trearment involves excision of the more hypoplastic thumb
and reconstruction of the more developed thumb. Generally,
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FIGURE 22-54.  lllustrations of the pollicization procedure as popularized by Buck-Gramcko. A: Outlines show the skin inci-
sions that provide first web-space flap coverage as the pollex is positioned for opposition. The triphalangeal index finger is
converted into a biphalangeal thumb. The index metacarpal is excised, except for the distal epiphysis. B: The changes in joints
from the index finger to the thumb and the tendon transfers to provide opposition and pinch function are as follows: extensor
indicis proprius — extensor pollicis longus; extensor digitorum Il — abductor pollicis longus; interosseus palmaris | —adduc-
tor pollicis; interosseus dorsalis | — abductor pollicis brevis. (DIP, distal interphalangeal; PIP, proximal interphalangeal; MP,
metacarpophalangeal; /P, interphalangeal; CM, carpometacarpal; / number of finger.)

the radius-based digit is excised. The soft-tissue elements usu-
ally bifurcate at the level of the skeletal split. Transfers of the
shared or aberrant tendons, nerves, and ligaments to the recon-
structed thumb are necessary in order to maximize outcome.
The extensor pollicis longus tendon is usually bifid. The
flexor pollicis longus usually inserts on the ulnar thumb,
although it can be bifid or insert on the radial thumb. The
thenar musculature and the radial collateral ligament to the
MCP joint usually insert radially; especially in the common
type IV polydactyly. These need to be transposed. The radial
digital nerve may be present only in the radial thumb and

should be transposed to the radial aspect of the reconstrucred
thumb. The bifid proximal phalanx and the metacarpal should
be excised in types II and IV, respectively. Primary phalangeal
or metacarpal osteotomy is indicated if there is axial malalign-
ment. The more developed thumb often has a larger nail and
distal phalanx. However, some Wassel type II malformations
have almost equally sized distal phalanges and nails (Fig. 22-46).
Surgical recombination of the distal phalanx and nail beds
(Bilhaut-Cloquet procedure) in type I and II malformations
has been disappointing because of poor nails, loss of joint
motion, and physeal closure. It still appears best to accept the
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FIGURE 22-55.

A: A 1-year-old child with thumb aplasia. The surgical incisions for index pollicization are outlined. These

flaps provide for deep first web space. B: Long-term follow-up clinical photograph of a pollicization. (Figure courtesy of

Children’s Orthopaedic Surgical Foundation {COSF), © 2010.)

more hypoplastic distal phalanx than to consider recombina-
tion of the nail and phalanx (422). Adduction contracture of
the first web space should be treated with Z-plasty to deepen
the web space. The need for additional surgery with growth
may be as high as 40% of cases.

Angular deformity of the proximal and distal phalan-

ges into a zig-zag posture is the most common problem
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(423-426). Reconstruction with osteotomy, tendon transfers,
ligament reconstruction, or arthrodesis may be necessary to
improve both function and cosmesis.

Excision of Duplicate Thumb. Because polydactyly is
the most common congenital anomaly of the hand, most ortho-
paedic surgeons encounter this anomaly. Duplication of the
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FIGURE 22-56. Wassel classification of thumb duplications. Type IV is the most common, with an incidence of 40%. Types Il

and VIl have an incidence of approximately 20% each.
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FIGURE 22-57.  A: An adolescent with the more common Wassel type IV thumb duplication. B: Results at the conclusion of
the surgical reconstruction. Surgery included excision of the radial proximal and distal duplicated digits, transfer of the thenars
and metacarpophalangeal joint radial collateral ligament to the reconstructed thumb, and contouring of the skin by excision of

redundancy and Z-plasties.

thumb, or preaxial polydactyly, however is not common, and
the treatment of this condition may hold a trap for the phy-
sician who is unaware of its unique anatomy. Because of the
anatomic reasons discussed in this section, simple excision of
the smaller thumb rarely produces a satisfactory result (427).

Selecting which digit to remove may be difficult if both are
of nearly the same size and function. Both function and cosme-
sis should be considered. In general, the radial digit is the smaller
digit and is removed. This confers the advantage of leaving the
ulnar collateral ligament intact for stability during pinch. Even
though both thumbs have their own flexor and extensor motor
action, the thenar musculature attaches to the most radial digit.
It is therefore necessary that these attachments be preserved and
reattached to the remaining digit. If the ulnar digir is removed,
it is necessary to preserve a periosteal and ligamentous flap from
the radial border of this digit to reconstruct an ulnocollateral
ligament for the remaining digit (Figs. 22-58 to 22-63).

The wide variety of anomalies encountered under the
term duplicate thumb makes careful assessment and planning
imperative. Wassel (418) has classified these anomalies into
seven types, whereas Marks and Bayne (417) have devised
a more simple classification based on the level of duplica-
tion. These authors and others have discussed the principles
involved as well as the results (426, 428). The surgeon must
plan an incision that will not leave a linear scar that will later
contract, correct all rotational and angular deformity in the
retained digir, carefully plan a reconstruction of the joint that

will impart lasting stability, centralize the flexor and extensor
tendons, and plan to keep the attachments of the thenar mus-
cles on the retained digit. These principles are illustrated on
the most common type of thumb duplication: a Wassel type
IV or a Marks and Bayne type I, in which there is complete
duplication of the proximal phalanx.

Triphalangeal Thumbs. Triphalangeal thumbs are usu-
ally inherited in an autosomal dominant manner. This is true
whether they are associated with thumb polydactyly (429)
or are seen in isolation. In inherited isolated triphalangeal
thumbs, the genetic marker has been localized to chromosomal
region 7q36 (430). The extra phalanx is the middle phalanx.
It may be wedge-shaped or rectangular. The thumb may be
in a position of opposition or in the plane of motion of the
other fingers. The latter situation may indicate an index finger
duplication with an absent thumb. This concepr is supported
not only by the clinical and radiographic appearance of the
most radial digit but also by the dermatoglyphics (431). The
triphalangeal thumbs that were studied contained the radial
loops normally seen in the index finger and not in the thumb.

Triphalangeal thumbs may be associated with
musculoskeletal malformations, such as cleft feet and preaxial
polydactyly (432); congenital heart disease, including Holt-
Oram syndrome (433); hematopoietic abnormalities such as
Fanconi and Blackfan-Diamond syndromes (434, 435); and

imperforate anus (436).
Text continued on page 963
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Excision of Duplicate Thumb (Figs. 22-58 to 22-63)

FIGURE 22-58. Excision of Duplicate Thumb. The incision is planned so that a straight scar is avoided. The incision
illustrated has committed the surgecn to removal of the radial thumb. This incision permits exposure of all the structures
10 both thumbs. If the surgeon is uncertain at the beginning of the case about which thumb is to be retained, a different
incision should be planned. This situation might arise if both digits are small or there is a question of the blood supply to
the digit that has to be retained.

FIGURE 22-59. After the flaps are deve- THENA/TR MUSCLE ATTACHMENTS

oped, the neurovascular bundles are identified
and traced 1o their respective digits. This is to
ensure that they are protected and the digit to be NEUROVASCULAR BUNDLE
retained is innervated and vascularized. At this
point, the thenar muscles are detached from the
base of the radial digit. These will attach to the
radial side of the radial digit by a broad tendon.
Sufficient tendon and, if necessary, periosteum
should be retained with the muscles to provide
strong attachment to the retained digit.
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. PERIOSTEAL AND LIGAMENT FLAP

B

FIGURE 22-60. With the thenar muscles detached and retracted out of the way, a flap of periosteum and ligament from
the radial digit is raised. This flap (A) is then dissected proximally off the metacarpal and sutured into the radial side of
the retained digit to reconstruct the radial collateral ligament. This step is important to avoid ulnar deviation, which is one
of the most common complications of this procedure. The radial digit is now removed and the remaining ulnar digit sublux-
ated to demonstrate the condyle of the metacarpophalangeal joint (B). This condyle is broader than normal and must be
narrowed to provide good cosmesis as well as good stability for the retained digit. There is usually a small ridge on the
articular surface of the condyle that identifies that portion of the condyle on which each of the thumbs articulated. In addi-
tion, there is frequently an ulnar deviation of the metacarpal head. In keeping with the principles outlined, it is necessary
to correct this deviation at this time.




FIGURE 22-61. The excess radial portion of the condyle is removed with a small osteotome. A small closing wedge
osteotomy is made just behind the condyle of the metacarpal. This is designed to correct the ulnar deviation. Any rotational
malalignment can also be corrected. This osteotomy usually is fixed with one small Kirschner wire passed from the tip of

the distal phalanx.

FIGURE 22-62. When the osteotomy is fixed, the peri-
osteal and ligamentous flap that was raised from the dis-
carded digit and radial side of the metacarpal is sutured to
the radial side of the retained digit. Care should be taken in
adjusting the tension of this repair. Subsequently, the thenar
muscles are sutured over this to the base of the retained
digit.

FIGURE 22-63. The skin is closed. There is no prob-
lem with a shortage of skin. There is often excess skin
that may be trimmed. The resulting suture line should
not be linear. A rigid dressing and a long arm cast are
applied.




Classification and pathoanatomy are dependent on the
type of triphalangism. Type I involves a delta middle phalanx
with radial deviation deformity (Fig. 22-64). Type II involves
a normal middle phalanx, but an opposable thumb. Type III is
an index-finger duplication with all digits in the same plane.
In type I and II triphalangism, the first web space is normal.
In the five-fingered hand (type III), there is a contracted first
web space that limits prehension. Similarly, usually the thenar
musculature is normal in type I and II triphalangeal thumbs,
whereas it is absent in type III triphalangism. In addition, the
triphalangeal thumb may be hypoplastic and have associated
extrinsic musculature weakness.

Treatment. Rarely, patients with triphalangeal thumbs
prefer not to undergo surgical reconstruction. Patients with
significant cosmetic abnormalities and limitation of pinch pre-
fer reconstruction for both functional and cosmetic reasons.
A malaligned and elongated triphalangeal thumb in the same
plane as the other digits is cosmetically anomalous and func-
tionally limited for prehension activities.

Depending on the type of triphalangeal thumb, surgery may
involve web-space deepening, excision of the extra phalanx (437),
opposition transfer (438), or a modified pollicization procedure
(437, 439, 440). The delra phalanx is usually excised to correct
the length and the angular deformity of the type I triphalangeal
thumb (Fig. 22-64). If this procedure is performed in infancy,
usually a stable interphalangeal joint can be reconstructed (441).
In older children, or in children with abnormal phalanges and
interphalangeal joints, a combination of shortening osteotomy
and arthrodesis is preferred. In these situations, physeal growth
of a biphalangeal digit should be preserved. In the five-fingered
hand, a modified pollicization procedure is necessary so as to
provide a deep first web space and an opposable thumb.

TRAUMATIC INJURIES

Fractures to the pediatric hand are commonplace, accounting
for approximately one-fourth of all childhood fractures (442).
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FIGURE 22-64. A: Triphalangeal thumb
with a delta phalanx and a marked radial
deviation deformity. B: Postoperative pho-
tograph after excision of the delta phalanx
and rotation flap reconstruction of the soft
tissues.

The two peak ages for these fractures are adolescence (from
sport-related activities) and infancy (from crush injuries). Most
fractures are nondisplaced, nonphyseal injuries. Physeal inju-
ries, however, can account for up to 40% of finger fractures
(443, 444), with a Salter-Harris II fracture of the small-finger
proximal phalanx being the most common. Most pediatric
hand fractures do well regardless of treatment (445). Malunion
and growth disturbance are rare (443, 446). However, there
is a subset of pediatric hand injuries that will do poorly if
not recognized and treated appropriately. The purpose of this
section is to review fractures that are problematic and require
surgical treatment.

Overview. The bones of the digits have only one second-
ary center of ossification. These appear between birth and 3 ro
4 years of age. The epiphyses of the phalanges are proximal. The
epiphyses of the metacarpals are distal, except for the thumb,
in which the physis is proximal. Distally in the thumb, there
can be a second epiphysis or pseudoepiphysis. Ossification of
the phalangeal condyles is progressive with growth, but in pre-
school children the condyles may be predominantly cartilagi-
nous. Radiographic evaluation of injuries in young children
may be difficult because of the chondral nature of the epiphy-
sis and the intra-articular portions of the condyles. It is impor-
tant to obtain true anteroposterior and lateral radiographs of
the injured digits. In a diagnostically confusing situation, MRI
scans of the fingers and hand should be performed.

To protect the anatomic healing of a traumatized digit
in a young child, maximal protection is necessary. It is often
necessary to protect the preschool-age child with a long-arm
mitten cast. The older child often needs a short-arm mit-
ten cast. Single-finger splinting is difficult to mainrain, even
in an adolescent. If the fracture is painful, or if it requires
immobilization to maintain reduction, casting of the entire
hand is appropriate. Fortunately, most pediatric fractures are
nondisplaced and stable (447). The outcome will be success-
ful regardless of immobilizatdon technique. In these situa-
tons, the change is made to simple buddy taping as soon as
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it is comfortable. However, it is imperative not to mistake a
problematic injury for a simple one and trear it with benign
neglect. Such a mistake will lead to long-term loss of align-
ment, motion, and function, which may not be salvageable by
secondary surgical reconstruction.

Distal Phalanx Injuries

Nail-plate Injuries, Physeal Fractures, Mallet Fingers,
and Tip Amputations. Most injuries to the distal phalan-
geal region are secondary to crush injury. These injuries are
most common in the toddler and preschool age groups. The
mechanism of injury is usually a digit caught in a door. Adults,
often parents, are frequenty involved in the accident, which
makes the situation emotionally charged. The injuries can
include partial or complete amputation, nail-bed laceration,
and distal phalangeal fracture. All of these sites of trauma need
to be addressed in the care of the child. In addition, time and
energy need to be spent in helping the family cope with the

emotional trauma.

Tip Amputations. A distal phalangeal crush injury in a tod-
dler usually includes a partial ampuration with a nail-bed lac-
eration and a distal phalangeal wft fracture (Fig. 22-65). The
fractures are generally minor avulsions that heal without prob-
lems. The partial amputation often extends dorsally through
the nail bed, leaving some volar pulp intact. The volar soft-
tissue attachments maintain the vascularity to the distal dp.
Meticulous repair under conscious sedation and/or local anes-
thesia usually leads to normal long-term outcome. The tech-
nique involves initial repair of the eponychial folds to propetly
align and stabilize the digit. It is imperative to then mericu-
lously repair the nail-bed laceration with fine, absorbable suture

FIGURE 22-65. Typical distal phalangeal crush injury with nail and
pulp laceration. Repair requires nail-plate removal, absorbable suture
repair of the lacerated nail bed, and anatomic closure of the eponych-
ial skin. {Figure courtesy of Children’s Orthopaedic Surgical Foundation
{COSF), © 2010.)

(i.e., 6-0 chromic suture) and loupe magnification to prevent
long-term nail deformity. The dorsal roof of the eponychium is
preserved by placement of a spacer for several days after repair.
Even when there is neatly complete ampuration, with appar-
ently nonviable distal tissue, soft-tissue repair almost always
leads to survival of the tip. Uncomplicated repair of the partial
amputation and nail-bed laceration will generally heal without
permanent damage to the nail or phalanx. However, neglected
nail-bed injuries are associated with a high rate of permanent
deformity (441, 448).

Care of the complete amputation at the level of the nail,
or distally, is more controversial. First, this is 2 much more dif-
ficult situation emotionally for the child and the family. The
injury often occurs while the child is under adult supervision.
There is usually significant stress and guilt associated with the
amputation. The parents universally want the tissue replaced.
However, this injury is beyond the trifurcation of the digital
arteries near the level of the DIP joint, and so the tissue is not
typically replantable. The debate concerns whether to suture
the amputated part back on without vascular anastomoses
(a composite graft) or to allow healing by secondary inten-
tion (449). Replacement of the amputated soft tissue initially
makes the family feel better, but usually is not necessary. The
amount of soft tssue amputated is small. The physis is proxi-
mal and not affected. Subsequent growth will be normal. The
overall digital length, therefore, will be nearly normal. The
cosmetics of composite grafting and healing by secondary
intention are generally equal in the long term. Long-term sen-
sibility and function seem to be equivalent. In addition, in the
short term, replacement of the amputated part may be more
stressful for the family and the child, with multiple dressing
changes, superficial necrosis of the distal tip, and slow heal-
ing. Therefore, if the soft-tissue loss is minor, reassurance to
the family of the long-term result and treatment with serial
dressing changes are best. This is true as well for the situa-
tion in which a minimal portion of exposed bone is debrided.
However, if the piece includes the eponychium or the entire
sterile and germinal matrix of the nail, composite grafting of
the amputated part is preferred. There is a chance that this will
heal and preclude secondary reconstructive surgery.

Physeal Fractures and Nail-bed Entrapment.  Some children
will present with distal laceration and flexion posture of the dis-
tal phalanx, or mallet appearance. Radiographs will reveal a dis-
placed physeal fracture with dorsal widening. Too often, these
children are diagnosed as having mallet finger and treated with
splinting. This is not an extensor tendon disruption. The exten-
sor mechanism is intact because the terminal tendon inserts
into the more proximal epiphysis. The deformity is caused by
entrapment of the proximal nail bed {(germinal matrix) in the
physeal fracture site (450, 451), the so-called Seymour’s fracture.
If not recognized early, the open injury can become secondarily
infected. The clinical appearance of the finger and the radio-
graphic physeal changes may be interpreted as distal phalangeal
osteomyelitis. However, antibiotic treatment alone or surgical
debridement of the distal phalanx is not the proper treatment



for this late-presenting fracture. Surgical repair of the nail bed is
necessary in order to prevent long-term nail and distal phalanx
growth problems. Under local, regional, or general anesthesia,
the nail plate should be removed. By flexing the distal phalanx,
the surgeon can gently extract the entrapped nail bed. The ger-
minal matrix should be meticulously repaired so as to avoid
long-term nail-plate problems. At times, this requires more
proximal exposure by raising an eponychial flap. After repair of
the nail bed, the nail plate can be replaced to preserve the dorsal
roof of the eponychium and to provide an internal splint for
repair of the fracture (450, 452). Placement of a cautery hole in
the nail plate will lessen the risk of subsequent hematoma and
paronychial infection.

Mallet Fingers. True mallet fingers are rare in the preado-
lescent child. In this age group, physeal fracture is more com-
mon. In the adolescent, mallet injuries with disruption of the
extensor mechanism are more common and adult-like. As long
as there is no entrapment of the germinal matrix, as noted in
the preceding text, these injuries can be treated with immo-
bilization. Rarely, the entire epiphysis can be displaced with
the extensor mechanism (453, 454). If recognized early, this
injury should be treated with open reduction of the dislocated
epiphysis. The rare, chronic mallet finger in the young child
has been treated successfully with tenodermodesis (455, 456).

Phalanx Fractures

Phalangeal Neck Fractures. Phalangeal neck fractures
are problematic. They are usually caused by crush injury. As
the child attempts to extract the affected digit, the condyles
become entrapped and a fracture occurs in the subcondylar
region (433, 442, 443, 447, 457, 458). The condylar fragment
displaces into extension and often malrotates. The fragment is
tethered by the collateral ligaments as it rotates dorsally up to
90 degrees. The condylar fragment is small and has a precari-
ous blood supply through the collateral ligaments. The sub-
condylar fossa is obliterated, blocking interphalangeal flexion
(Fig. 22-66). If not properly recognized and treated, compli-
cations of malunion, loss of motion, and avascular necrosis
can occur. Too often, the severity of the fracture is underap-
preciated in the urgent care setting. The patient presents late,
with inappropriate immobilization and a significantly healed
fracrure. In addition, the fracture is unstable and will often dis-
place after closed reduction (459). The treatment of choice is
closed reduction and percutaneous pinning (460). In a young
child, this can be accomplished with a single oblique pin. In an
older child, crossed pins prevent malrotation. Placement of the
pins in the distal fragment requires careful localization of the
fragment and avoidance of the extensor mechanism. If open
reduction is necessary, the collateral ligaments should not be
dissected from the distal fragment. Careful dissection lessens
the risk of avascular necrosis.

When there is marked callus, open reduction may cause
avascular necrosis. The fracture has generally been healing too
long for successful closed reduction and percutaneous pinning
to be carried out. If there is still lucency along the fracture
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FIGURE 22-66. Displaced phalangeal neck fracture with loss of the
subchondral fossa. This leads to loss of digital flexion. This fracture
requires prompt attention, anatomic reduction, and pin stabilization. If
the fracture is left in the position shown here in the splint, there will
be a problematic malunion. {Figure courtesy of Children’s Orthopaedic
Surgical Foundation {COSF), © 2010.)

line, percutaneous osteoclasis can be performed (461). A pin
is placed dorsally in the fracture site under fluoroscopic control
and used for reducing the fracture. The subcondylar fossa can
be reconstituted, and the fracture can be pinned percutaneously.
If the fracture is completely healed upon referral, late sub-
chondral fossa reconstruction can be performed if there is a
bony block to flexion (457). An average of 90 degrees of PIP
joint flexion has been obtained with subchondral fossa recon-
struction (457). Remodeling of the fracture is rare because of the
significant distance from the physis, but it has been described
in case reports of both proximal and middle phalanx phalangeal
neck fractures (462). Observation may be appropriate, but only
if the patient is young, there is only malangulation and not mal-
rotation, and the family is willing to wait for 1 or 2 years.

Intercondylar Fractures. Intercondylar fractures in young
children are often small osteochondral fractures. These carry a
high risk of nonunion, malunion, and avascular necrosis. This
is particularly true in the middle phalanx if the injury is a crush
injury that alters the local blood supply. The fracture is intra-
articular, generally displaced, and requires anatomic reduction
for a successful outcome. Most often, the fracture has to be
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FIGURE 22-67. A: Radiograph of a
displaced intercondylar fracture with
articular malunion. B: Clinical photo-
graph of a similar patient. This injury
requires acute anatomic reduction and
pin stabilization to prevent long-term
loss of motion, malalignment, and
potential pain and arthritis. (Figure
courtesy of Children’s Orthopaedic
Surgical Foundation {COSF), © 2010.)

treated with open reduction. The collateral ligament attach-
ments to the fragment are preserved so as to lessen the risk
of avascular necrosis. On occasion, bone grafting is necessary
for maintaining articular congruity and to prevent collapse.
Even with well-performed open reduction, complications of
this fracture can occur in the young patient. Avascular necro-
sis usually resolves by revascularization, but often not before
collapse. Articular malunion can occur (Fig. 22-67). Loss of
motion may not limit function.

In the adolescent, treatment of intercondylar fractures
is similar to thart in adults. Anatomic reduction and pin fixa-
tion are necessary to restore the joint surface and to prevent
loss of reduction that can occur with this unstable fracture.
Often, the procedure can be performed closed, using distrac-
tion and a percutaneous towel clip to obtain reducrion (463).
Open reduction can be performed with a volar, midaxial, or
dorsal approach. This is appropriate for fractures that cannot
be reduced closed or for comminured fracrures. Restorarion of
an anatomic joint is the mandatory goal and will lessen the risk
of loss of motion, malalignment, or long-term arthritis.

Diaphysis-level phalangeal fractures are rare in the young
child and more common in the teenager. The major issue in
these fractures is malrotation (443) (Fig- 22-68). Frequently,
children will not actively move the finger in the acute setting
1o allow for accurarte assessment of digital alignment. However,
close inspection of the nail plates will reveal the digital
malalignment. In addition, the examiner can test digiral align-
ment by tenodesis of the wrist. With passive wrist extension,
the fingers flex and point toward the volar scaphoid tubercle.
Digital alignment is generally symmetric. Children will toler-
ate this test, even when they are in too much pain or are too

frightened to actively move their digits. Tenodesis assessment
should be performed on all phalangeal and metacarpal frac-
tures, regardless of radiographic appearance. If closed treat-
ment is chosen, a finger should never be immobilized by itself,
but should be secured to the adjacent digits to prevent subse-
quent loss of reduction and malrotation.

If the fracture is malrotated and unstable, reduction with
pin or screw stabilization is necessary (463, 464). Although
malrotation is uncommon, it is 2 major problem if missed until
after healing. The malrotated digit impairs the function of the
adjacent digits because the digits will overlap in flexion. At that
stage, malrotation can be corrected only with osteotomy.

Physeal Fractures. Physeal fractures constitute 30% to
70% of pediatric finger fractures (442444, 446). A Salter-
Harris II fracture of the small finger is the most common
of these fractures. Closed.reduction of the abducted fracture
is performed in MCP flexion to tension the collateral liga-
ments and effectuate ligamentotaxis. The surgeon’s thumb or
a cylindrical object such as a pencil can be used as a fulcrum.
Postreduction stability is maintained by taping the digit loosely
to the adjacent digit and applying a short-arm mitten cast. The
less common type III physeal fracture requires open reduction
if there is more than 2mm of diastasis or articular step-off.

Metacarpal Fractures. Distal metacarpal metaphyseal
(boxer) fractures are common in adolescence. The mechanism
is axial load to a closed fist, most often to the small-finger meta-
carpal. These fractures are usually juxtaphyseal and malaligned,
with apex dorsal angulation. In the acute setting, closed
reduction and cast immobilization with three-point mold for
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FIGURE 22-68. A: Displaced proximal phalanx fracture with malrotation. B: Tenodesis testing reveals malrotation. By pas-
sively extending and flexing the wrist, the digits will passively flex and extend, respectively. Malalignment is evident. {Figure
courtesy of Children’s Orthopaedic Surgical Foundation (COSF), © 2010.)

3 weeks are preferred for displaced fractures. This includes volar-
to-dorsal pressure on the metacarpal head and dorsal-to-volar
pressure on the more proximal shaft. A number of prospective
randomized studies have demonstrated that casting with the
MCP and IP joints extended (“pancake casts”) is efficacious and
safe, with minimal risks of contractures and stiffness when used
in younger padents for 3 to 4 weeks durarion (465, 466). Often,
these patients will not seek medical attention until there is sig-
nificant healing. Fortunately, the fracture is adjacent to the distal
metacarpal physis, and the flexion malunion can remodel if there
is sufficient growth remaining. This fact has led some clinicians
to approach these fractures with neglect to allow for remodel-
ing. Indeed, depending on the age of the patient, remodeling of
the flexion deformity can occur. However, malrotation will not
remodel. In addition, if remodeling is slow or fails to occur, the
prominence of the metacarpal head in the palm can be limiting,
an apparent extensor lag may develop, and a pseudoclaw appear-
ance due to MCP joint hyperextension can occur.

Unstable or multiple metacarpal fracture(s) are rare. They
should be treared with closed reduction and percutaneous pin-
ning. Two smooth pins are placed, under fluoroscopic control,
from ulnar to radial, distal to the fracture site(s), from the 5th to
the 4th or the 3rd metacarpal, as necessary. Late open reduction
of the juxtaphyseal fracture carries the risk of physeal injury and
should be avoided. Diaphyseal fractures of the fifth metacarpal
carry a higher risk of a malunion that will not remodel. Closed

reduction and transverse percutaneous pinning to the adjacent
metacarpals, or intramedullary pin fixation, is the trearment
of choice. Open reduction with interfragmentary compression
screws or plate-and-screw constructs may also be considered
in appropriate fracture patterns. Corrective osteotomy may be
necessary in the severe, malunited diaphyseal fracture that fails
to remodel the flexion deformity with growth.

The major issue in other diaphyseal metacarpal fractures,
especially if there are multiple metacarpal fractures, is malro-
tation. Active digital motion or passive tenodesis of the wrist
will reveal malrotation. Anatomic reduction and pin, screw, or
plate fixation will correct the malrotation.

Thumb Fractures. The unique features of fractures of
the thumb are seen in Salter-Harris ITI fractures of the proxi-
mal phalanx and at the base of metacarpal fractures. The
Salter-Harris type III physeal fracture of the thumb proximal
phalanx is the skeletally immature equivalent of an adult ulnar
collateral ligament disruption (467) (Fig. 22-69). These fracrures
require open reduction and internal fixation in order to restore
stability of the joint and anatomic alignment of the joint and
physis. During surgical exposure, the surgeon should remember
that the ligament is intact. Therefore, after adductor takedown,
the MCP joint should be exposed through the fracture site rather
than through inadvertent incision of the ligament. The long-
term results of anaromic open reduction are excellent.
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FIGURE 22-69. A: Salter-Harris Il displaced
proximal phalanx fracture of the thumb. This frac-
ture requires open reduction and internal fixation
in order to restore articular congruity and liga-
mentous stability. B: Postoperative radiograph
of a similar patient with pins in place. (Figures
courtesy of Children's Orthopaedic Surgical
Foundation {COSF), © 2010.)

Metaphyseal fractures at the base of the thumb meta-
carpal often displace (468). Immobilization and observation,
even in displaced fractures, are appropriate as long as there are
at least 2 years of growth remaining because the malunited
dorsoradial prominence will remodel during the ensuing 6 to
12 months (Fig. 22-70). Most parents would prefer to wait
for remodeling rather than have operative reduction and pin-
ning. In the markedly displaced and unstable fracture, closed
reduction and percutaneous pinning are appropriate. The pres-
ence of a Bennett fracture with articular malalignment requires
anatomic alignment of the intra-articular component and pin
fixation of the thumb metacarpal to the adjacent second meta-
carpal and carpus.

Wrist Injuries

Scaphoid Fractures. Scaphoid fractures occur from a fall
on an outstretched wrist. The pain is often mild, rather than
the severe pain a child or a parent expects from an acute frac-
ture. This leads some patients and families to ignore the acute
injury and not present until late. When the child presents
at the acute stage of the injury, there will be tenderness to
palpation over the anatomic snuff-box (the region dorsora-
dially at the wrist between the extensor pollicis longus and
the extensor pollicis brevis tendons), over the volar scaphoid
tubercle, and upon axial compression of the thumb CMC
joint. Radiographs may reveal the fracture. The best view is an
anteroposterior view in 30 degrees of ulnar deviation (scaphoid
view). If the radiographs are diagnostic for the fracture, long-
arm immobilization in a thumb spica cast can be considered

FIGURE 22-70. Displaced base in a metacarpal thumb fracture.
Because this fracture is juxtaphyseal, adjacent to the carpometacarpal
joint with universal motion, its remodeling potential is almost unlimited
if the patient is younger than 10 years. Treatment choices are closed
reduction and pinning, or immobilization in a cast to allow for biologic
remodeling for the ensuing 6 to 12 months of growth. This patient was
treated in a cast. (Figure courtesy of Children’s Orthopaedic Surgical
Foundation {COSF), © 2010.)




for nondisplaced injuries. If the radiographs are negative, but
the child has tenderness at the site of the injury, as noted in
the preceding text, protected immobilization for 2 weeks is
advised. Repeat clinical and radiographic examination should
be performed out of cast 2 weeks later if tenderness persists.
If there is still doubt about the diagnosis, MRI or CT scan
is advised. The CT scan shows the bony alignment better,
but the MRI gives added information about the vascularity
to the proximal pole, and better information about the carti-
lage surfaces in a young child. CT scans are used for assessing
acute fractures in adolescents. MRI scans are used for assess-
ing the acute injury in the child younger than 10 years of age.
In the acute setting, MRI scans have been diagnostic for the
exact site of injury, and can lead to appropriate treatment
early (469, 470).

Previously, it was reported that most scaphoid fractures
in the skeletally immature patient were distal pole or avul-
sion fractures (471). Distal pole fractures heal readily with cast
immobilization without risk of nonunion or avascular necrosis.
However, scaphoid wrist fractures are now more common in
the adolescent age group. These fractures can displace and carry
the same risks of nonunion and avascular necrosis in the child
as they do in the adult. Therefore, nonunions are becoming
more commonplace (472, 473). Treatment of an established
nonunion in a child should be with open reduction, bone graft-
ing, and internal fixation. Internal fixation screws have been
used in children with both acute displaced wrist fractures and
established nonunions (462, 472, 473) (Fig. 22-71). It is diffi-
cult to determine whether a bipartite scaphoid, even if bilateral,
is congenital or posttraumatic. However, if it is symptomatic,

A
FIGURE 22-71.
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it should be treated in the same way as a traumatic nonunion.
The success of open reduction, bone grafting, and internal fixa-
tion for a scaphoid nonunion is high in children (472, 473).
Proximal pole fractures and nonunions have now been described
in children and adolescents (108). These fracture nonunions

have been treated successfully with vascularized bone graft from
the distal radius to the scaphoid.

‘Wrist Pain, Triangular Fibrocartilage Complex Tears, and
Ligamentous Injuries

Atraumatic Ligamentous Instability. Most adolescents with chronic
wrist pain have overuse injuries. These patients often have gen-
eralized ligamentous laxity or a hyperelastcity syndrome. The
wrist pain is similar to the patellofemoral knee pain and mul-
tidirectional shoulder instability pain seen in this age group.
Overuse, growth, and resultant muscle weakness all contribute to
instability of the joints. On physical examination, there is often
systemic evidence of generalized laxity (elbow cubitus valgus,
pes planus, knee hyperextension, passive hyperextension of the
index finger parallel to the dorsal forearm, and thumb abduction
to the volar forearm). At the wrist, there will be increased mid-
carpal translation to volar and dorsal applied stress. This passive
midcarpal instability will be equivalent on both the affected and
the unaffected wrist. However, the affected side may often have
painful clicking. Plain radiographs may reveal a volar tilt to the
lunate on the lateral view. MRI scans and arthrograms appear
normal. These children respond to alteration of activities and
strengthening, as in other growth-related overuse injuries in the
teenager. It is the authors’ experience that resistive strengthening
in a neutral wrist position with therapeutic putty is best.

A: Scaphoid nonunion in an adolescent. B: Postoperative iliac crest bone grafting and internal fixation for a

similar scaphoid fracture nonunion. (Figures courtesy of Children’s Orthopaedic Surgical Foundation {COSF), © 2010.)
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Traumatic Scapholunate Ligamentous Injuries. Posttraumatic inju-
ries to the scapholunate ligament rarely occur in children. Most
descriptions of these injuries have been case reports (474).
However, traumadc ligamentous injuries are occurring more
frequently with today’s higher level of athletic competition in
this age group. On physical examination, the tenderness is usu-
ally more focal than in atraumadc ligamentous laxity wrist pain.
Asymmetric clicking with applied ligamentous stress testing is
common. Static injuries are more common in adults, and will
show an increased scapholunate distance and a flexed scaphoid
on plain radiographs. Most scapholunate injuries in children are
dynamic injuries, with normal plain radiographs. In addition, the
scapholunate distance in children has been difficult to interpret
because of eccentric ossification and the chondral nature of the
carpus in the young. There is an age standard for scapholunate
distances in both sexes on pediatric wrist radiographs (475). MRI
scans may reveal the ligamentous injury and will reveal chondral
to chondral distances. Arthroscopic examination of the wrist is
diagnostic and often therapeutic. Many of these injuries are par-
dal tears of the ligament, with an associated chondral lesion of
the lunate fossa of the radius. This leads to mechanical impinge-
ment that often responds favorably to arthroscopic debridement.
It is rare that there will be a complete ligamentous disruption
in this age group. However, symptomatic complete scapholunate
disruptions need to be treated with ligamentous reconstruction.

Triangular Fibrocartilage Complex Tears. Posttraumatic
chronic wrist pain that does not respond to prolonged rest
and therapy should be evaluated for intra-articular pathology.
As in scaphoid fractures and intercarpal ligamentous injuries,
the epidemiology of TECC tears has changed to include the
adolescent. Physical examination for TFCC tears includes
ulnocarpal compressive testing, lunate-triquetral stress testing,
and stress testing of the distal radioulnar joint. Painful clicking
with these maneuvers, especially if asymmetric, may be indica-
tive of a tear. However, many children with nondissociative
laxity show similar findings on physical examination. Plain

FIGURE 22-72. A: lllustration of intra-articular wrist anatomy, as seen from the
dorsal 3/4 portal. (S, scaphoid; [, lunate; SF, scaphoid fossa; LF, |unate fossa; 7, tri-

quetrum; TFCC, triangular fibrocartilage complex.)

radiographs are normal. The MRI may be diagnostic, but there
has been a high incidence of false-negative readings for adoles-
cent TFCC tears. In skilled hands, arthroscopy is definitive for
diagnosis, and often for treatment (Fig. 22-72).

TECC tears do occur in the skeletally immature patient.
Most tears are associated with nonunion of ulnar styloid
fractures, radial growth, ulnar overgrowth, and/or ulnocar-
pal impaction syndrome. Isolated tears also occur. In ado-
lescents and children, these tears are usually peripheral tears
that respond well to surgical repair (476). Isolated tears can
be repaired arthroscopically. Tears associated with radial and
ulnar bony deformities are repaired at the time of corrective
osteotomy (Fig. 22-73). Treatment should also include appro-
priate excision of the ulnar styloid nonunion, shortening of
the impacting ulna, osteotomy of the deformed radius, and
stabilization of the distal radioulnar joint, if necessary (476).

Dislocations. Most hyperextension injuries to the inter-
phalangeal joints in children result in a tear of the volar plate.
There may be associated minimal Salter-Harris III physeal
avulsions of the adjacent phalanx (Fig. 22-74). Most inju-
ries are stable. Treatment should be brief immobilization for
comfort, followed by buddy taping and eatly range-of-motion
exercises until the patient is asymptomatic. Prolonged treat-
ment with splints or casts can lead to PIP joint stiffness. True
interphalangeal dislocations occur less often. The dislocation is
usually dorsal, and it occurs more commonly at the PIP joint
than at the DIP joint. Closed reduction with distraction and
dorsal-to-volar manipulation are generally successful. Rarely,
a displaced epiphysis, flexor tendon, or interposed volar plate
can block reduction, demanding an open reduction procedure.

MCP joint dislocation of the thumb or the index finger can
be simple or complex (460). Simple dislocations are reducible
in the emergency setting. Complex dislocations are irreducible
and have an interposed volar plate blocking closed reduction.
Plain radiographic evidence of widening and lateralization of

TFCC




FIGURE 22-72.
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(Continued) B: Arthroscopic photograph of a triangular fibrocartilage complex {TFCC) peripheral tear. The

tear is along the peripheral edge of the TFCC, where the blood supply enters and aids in healing. In this situation, repair
is by arthroscopic suture techniques. (Figure courtesy of Children’s Orthopaedic Surgical Foundation (COSF), © 2010.)
C: Intraoperative photograph of arthroscopic suture repair of peripheral TFCC tear. {Figure courtesy of Children’s Orthopaedic

Surgical Foundation (COSF), © 2010.)

the joint, as well as bayonet apposition of the proximal phalanx
and metacarpal, indicates an irreducible situation.

Opeu reduction of a complex dislocation can be performed
through a volar (477, 478) or a dorsal (479, 480) approach. In
the volar approach, the radial neurovascular bundle is tented just
beneath the skin by the metacarpal head. It is imperative to be

cautious with the skin incision so as not to cause laceration. In
either approach, the volar plate should be incised so as to allow
reduction of the joint and anatomic realignment of the flexor
tendons, sesamoids, and collateral ligaments. Postoperative
treatment is by early protected motion with buddy taping
and extension block splinting. Chronic instability is rare, but

FIGURE 22-73. A: Radiograph
of ulnocarpal impaction associated
with radial growth arrest, ulnar over-
growth, and a TFCC tear. B: Repair
of the TFCC, ulnar shortening, and
radial osteotomy with bone grafting
were performed. {Figures courtesy
of Children’s Orthopaedic Surgical
Foundation {COSF), © 2010.)
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FIGURE 22-74. Volar plate injuries. A:
Nondisplaced minor volar and dorsal avulsion
injuries. This injury requires minimal immobili-
zation and prompt initiation of range-of-motion
exercises to minimize the risk of permanent flex-
jon contracture. B: This injury has a more signifi-
cant fracture fragment and joint subluxation. It
requires anatomic reduction of the proximal inter-
phalangeal joint and an extension block splint to
allow for motion within the range of joint stabil-
ity. (Figures courtesy of Children’s Orthopaedic
Surgical Foundation (COSF), © 2010.)

limitation of MCP motion is not. The digital neurapraxia sec-
ondary to the dislocation will resolve in this age group.

Tendon Lacerations. The dlassification system, in terms of
zones of injury for flexor tendon lacerations, is the same for the
child as it is for the adult. The diagnosis of flexor tendon injury,
operative care, and postoperative rehabilitation may be more
difficult in the child. This is especially true in the toddler and
preschool-aged child, whose ability for cooperation is limited.
Often, the presenting digital cascade and digjtal excursion with
wrist tenodesis serve as the basis for the diagnosis of flexor tendon
laceration (Fig. 22-75). If in doubt, the clinician should explore
the wound under anesthesia. Repair of the tendon lacerations in
zones [ and II requires meticulous technique with fine sutures.
Repair can be performed electively in the first 1 to 2 weeks with
equivalent results. However, if there is any concern regarding the
vascular status of the digit, repair should be emergent, with explo-
ration of the digital neurovascular bundles. In the infant, the core
suture may be as fine as 6-0 and the epitenon suture may be
8-0. Postoperative immobilization in a cast for 4 weeks is effec-
tive protection (481, 482). Subsequent rehabilitation is necessary
in order to regain maximal passive and active motion. Recently,
there has been growing enthusiasm for early moton rehabilita-
tion protocols when appropriate repairs are performed (483).
There have been no differences in total active motion
(TAM) between early mobilization protocols and cast immo-
bilization for 4 weeks in children younger than 15 years (481).
The results of isolated profundus tendon lacerations in zone
I averaged 90% to 94% of normal TAM. Isolated profundus

lacerations in zone I averaged 71% to 78% TAM. Combined
superficialis and profundus lacerations in zone II averaged
72% TAM. However, if cast immobilization continued beyond
4 weeks, there was a significant decrease in TAM, to 40% by 6
weeks. There was no difference in the results according to age
groups from birth to 15 years.

Associated nerve or palmar plate injuries diminished the
results slightly. Postoperative tendon rupture is rare. Two-
stage reconstruction of unrecognized zone II lacerations in
children younger than 6 years has had poorer results than in
adults, with a higher rate of complications and a mean TAM
of approximately 60% of normal. Results were better with
supervised rehabilitation (484).

The principles of the treatment of extensor tendon lacera-
tions in the adult apply to the child as well. Direct repair in
both the emergency room under sedation and the operating
room under general anesthesia is feasible. Cast immobilization
in a protected position of wrist dorsiflexion and digital exten-
sion is continued for 4 weeks after repair. Results are excel-
lent with primary repair. Associated fractures, dislocations, and
flexor tendon injuries impair the results.

Amputations. Complete or partial ampurations of the distal
fingertip are very common in children, and have been discussed
in detail in the section on distal phalangeal injuries. Treatment
of more proximal, complete digital amputations with replanta-
tion in children as young as 1 year of age is now standard. In
children, the indications for replantation are more liberal than in

adults, and include multiple-digit, thumb, midpalm, hand, and



FIGURE 22-75. Photograph of an altered digital flexion cascade
with passive wrist extension tenodesis. This is diagnostic of a flexor
tendon laceration in the long finger. (Figure courtesy of Children’s
Orthopaedic Surgical Foundation (COSF), © 2010.)
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distal forearm amputations as well as single-digit amputations
in zones I and I. Crush amputations from doors, heavy objects,
or bicycle chains have a peak incidence at 5 years, whereas sharp
amputadons occur more commonly in adolescence. Digiral sur-
vival rates from replantation range from 69% to 89% in pedi-
atric series. More favorable digital survival was seen with sharp
amputadons, body weight >11kg, more than one vein repaired,
bone shortening, interosseous wire fixation, and vein grafting of
arteries and veins. Vessel size generally exceeds 0.8 mm in digi-
tal replants in children and is not a technical problem for the
skilled microvascular surgeon. Index- and long-finger replants
have better survival than small-finger replants in children.
A finger survival rate of 95% was seen in children if prompt
reperfusion occurred after arterial repair with at least one
successful venous anastomosis, compared with zero survival if
one or both of these factors was absent (485). Neural recov-
ery rates far exceed those cited in adults, with return of two-
point discrimination of <5mm often present. Tenolysis may
rarely be necessary after tendon repair. Two-stage flexor ten-
don reconstruction in children has a higher rate of compli-
cations than in adults. Growth arrest or deformity is more
common if there is a crush component to the amputation.
These digits are rarely normal after replanting, although the
results in children are better than in adults, in terms of sensi-
bility and recovery of range of motion. Microvascular toe-to-
thumb transfer is a very successful alternative to pollicization
in the case of a failed thumb replant in a young child (486)
(Fig. 22-76).

FIGURE 22-76.  A: Traumatic amputation of the thumb in a 2-year-old child. B: Postoperative photograph of the same patient
after microvascular toe-to-thumb transfer for thumb reconstruction. (Figures courtesy of Children’s Orthopaedic Surgical

Foundation {COSF), © 2010.}
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