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One to three percent of newborns are born with congenital
anomalies, approximately 10% of these anomalies affect the
upper extremity.1,2 Upper extremity congenital anomalies
occur in 27 per 10,000 live births3 and are second in inci-
dence only to those of congenital heart disease.4Most defects
are either inherited or occur spontaneously.5 The plastic
surgeon may either be the first to notice more subtle
anomalies or be referred to for definitive treatment. It is
important to be aware of the spectrum of presentation,
associated medical comorbidities, and potential complica-
tions to effectively treat the patient and educate parents. We
will review the more common congenital hand anomalies
seen, including trigger thumb, hypoplastic thumb, polydac-
tyly (pre- and post-), syndactyly, and amniotic band
syndrome.

Pediatric Trigger Thumb

Often called congenital trigger thumb, no study of newborn
infants has identified this condition at birth.6–8 It is an
acquired flexion deformity of the thumb interphalangeal
(IP) joint with a palpable thickening of the flexor pollicis

longus (FPL) tendon noted at the base of the thumb. Rarely,
the IP joint can get caught in extension.9 It is reported to
occur in 1 in 2,000 office visits or 3.3 cases per 1,000 live
births by 1 year of age.7,10

The cause of pediatric trigger thumb is unknown,
although theories vary from posttraumatic changes from
repeated injury to the flexor tendon to a congenital pre-
disposition of narrowing of the pulley.11,12 Traditionally,
trigger thumb is attributed to an incongruence in size
between the FPL tendon and the A1 pulley, but when
reviewing 28 patients, Kuo and Rayan noted a majority of
patients had stenosis of the oblique pulley in association
with an attenuated A1 pulley.13 While ultrasound has
identified a larger-than-normal size of FPL compared
with the contralateral uninvolved FPL tendon, both ultra-
sound and electron microscopy of the flexor tendon have
not demonstrated inflammatory or degenerative changes of
the tendon.14–16

The most common classification system used is that of
Sugimoto, in which stages range from a palpable Notta’s
nodule without triggering of the thumb to a locked IP joint
without active or passive extension (►Table 1).17
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Abstract Upper extremity congenital anomalies in the newborn are second only to congenital
heart anomalies. Some of the more commonly encountered upper extremity anoma-
lies are trigger thumb, thumb hypoplasia, polydactyly, syndactyly, and amniotic band
syndrome. While some conditions occur in isolation, others are known to commonly
occur in association with syndromes. Familiarity with these conditions is important not
only to provide adequate evaluation and workup of these patients but also to deliver
appropriate surgical intervention and prepare parents with appropriate expectations.
In this article, we outline the etiology, classification, surgical management, and
outcomes of these five commonly encountered upper extremity congenital anomalies.
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Pediatric trigger thumb is diagnosed based on physical
examwith no need for imaging. The volar base of the thumb
should be palpated for fullness of the flexor tendon, termed
Notta’s nodule, which can be tender or nontender (►Fig. 1).
Both passive and active range of motion of the thumb IP joint
should be documented. The metacarpophalangeal (MCP)
joint should be evaluated for hyperextension as this can be
a consequence of long-standing trigger thumb andmay need
to be surgically addressed at the time of trigger release.13 The
contralateral, uninvolved thumb should be examined as up
to 25 to 34% of patients will develop bilateral trigger
thumb.18,19 The thumb deformity should be differentiated
from the slightly similar but different presentation of con-
genital clasped thumb.

Treatment of pediatric trigger thumb is controversial,
ranging from observation, splinting and stretching, to surgi-
cal release of the A1 pulley. An observational study fromBaek
and Lee showed that 75.9% of thumbs spontaneously re-
solved at a median duration of 49 months of follow-up, with
only duration of follow-up significantly different between
patients with and without spontaneous resolution.20 In
contrast, a review of the natural history of pediatric trigger
thumb in the United States showed that within 5 years of
initial visit, 32% of thumbs spontaneously resolved, 25% did
not resolve, and 43% of parents opted for surgery.21 They
found 30degrees or less of IP joint flexion to be associated
with spontaneous resolution at 3-year follow-up. It has been
suggested that Sugimoto stage I-III thumbs be initially

treated nonoperatively.22 When polled, 52% of North Ameri-
can pediatric hand surgeons stated that they would operate
on a 2-year-old patient presenting with a nonpainful inter-
mittent locking trigger thumb.23 Decision to operate should
take into account the patient’s age for anesthetic safety, the
length of deformity, associated pain or effect on hand func-
tion, potential for bilateral thumb involvement, and parents’
preferences.

Surgery for pediatric trigger thumb consists of an incision
over the volar base of the thumb. The A1 pulley is opened
longitudinally to allow unimpeded gliding of the FPL tendon
throughout the entire range of motion of the thumb IP joint.
The radial digital nerve to the thumb crosses the surgicalfield
just proximal to the A1 pulley andmust be protected to avoid
inadvertent transection.

Surgical release of the pediatric trigger thumb is safe and
effective. A literature review of surgery for pediatric trigger
thumb found a 1% complication rate consisting of wound
infections, either deep or minor.23 A 20-year review of a
single institution’s surgeries identified a 1.9% rate of wound
complications, either infection or dehiscence. They did note a
4.9% rate of residual stiffness or IP jointflexion contracture.24

Hypoplastic Thumb

Thumb hypoplasia is part of radial longitudinal deficiency
(RLD), in which the radial aspect of the upper extremity is
malformed. One-third of patients with RLD will have a
named syndrome, as it is commonly associated with other
medical comorbidities.25 It is important to screen these
patients for associated syndromes, the most common being
Fanconi anemia, thrombocytopenia absent radius syndrome,
Holt–Oram syndrome, and vertebral anomalies, anal atresia,
cardiac anomalies, tracheoesophageal fistula, renal defects,
and limb anomalies association (►Table 2).26 Initial workup
should include spinal radiographs, echocardiogram, com-
plete blood-cell count, abdominal ultrasound, and possibly
chromosomal breakage test (i.e., diepoxybutane testing) to
rule out Fanconi anemia.25,27 Surgical reconstruction of the
hypoplastic thumb should only be performed after obtaining
appropriate medical clearance.

Table 1 Sugimoto classification for pediatric trigger thumb

Stage I No passive or active triggering of thumb
IP joint; palpable Notta’s nodule

Stage II Triggering with active extension of
thumb IP joint

Stage III No active extension of thumb IP joint but is
passively extendable with triggering

Stage IV No active or passive extension of thumb IP joint

Abbreviation: IP, interphalangeal.
Source: Nguyen and Ho.26

Fig. 1 (A) Thumb IP joint cannot be actively extended past 40 degrees of flexion. (B) Prominence (encircled in red) at the base of the volar thumb
consistent with Notta’s nodule.
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Twenty to sixty percent of patients have bilateral thumb
hypoplasia.28 It has been noted that the severity of hypopla-
sia is proportional to the severity of RLD.29 The modified
Blauth classification categorizes thumbs from a slightly
smaller than normal thumb (type I) to the complete absence
of a thumb (type V; ►Table 3).30 Key characteristics of the
hypoplastic thumb are a smaller sized thumb in both length
and girth. The first web space is deficient. The thumb MCP
joint may be unstable from incompetence of the ulnar
collateral ligament (UCL) and possibly also the radial collat-
eral ligament (RCL). Extrinsic and intrinsic thumb muscula-
ture is hypoplastic or missing. The carpometacarpal (CMC)
joint may be hypoplastic and unstable, which can be tested
on physical exam. Radiographs are unreliable in assessing
this joint until approximately 6 years of age when the
trapezium and base of thefirst metacarpal ossify. Ultrasound
is an option for early imaging assessment.28

Surgical treatment is dictated by the modified Blauth
classification system. Type I thumbs do not require surgical
treatment as they are fully functional. Type II and IIIa thumbs
require reconstruction of the thumb addressing the three
main problems: the first web space, lack of thumb opposi-
tion, and MCP joint instability. The narrowed first web space
is deepenedwith adjacent tissue transfers, usually a 4-flap z-
plasty, and release of the first dorsal interosseous and
adductor pollicis muscle fascia. Opposition is restored by
performing a tendon transfer, most commonly the abductor
digit minimi (ADM) or flexor digitorum superficialis (FDS) to
themiddle or ringfinger. Proponents of the ADM transfer cite

its restoration of natural contour to the thenar eminence.31

Others prefer the FDS tendon transfer as its tendon can be
simultaneously used to reconstruct the MCP joint collateral
ligament(s).32 Alternatively, a palmaris longus (PL) tendon
graft can be used to reconstruct the MCP joint collateral
ligaments. With global CMC joint instability, some prefer
performing an MCP joint chondrodesis.17

Type IIIB and IV thumbs are most commonly treated with
index pollicization after removal of the hypoplastic thumb.
Removal of the thumb is advocated because of CMC joint
instability, which cannot provide a stable foundation for
thumb reconstruction. Of note, there are reports of stable,
functional reconstructed type IIIB and IV thumbs in Asian
cultures in which the presence of five digits is culturally
important.33,34 Type V thumbs are treated with index polli-
cization. Index pollicization is a complex procedure inwhich
the index finger is transposed into a thumb position with its
tendons and neurovascular supply intact. It is typically
fixated into a position of 35 degrees palmar abduction,
20 degrees radial abduction, and 90 to 100degrees pronation
(►Fig. 2).35,36 ►Table 4 details the structural and functional
changes that occur during pollicization.26

Overall, both thumb hypoplasia reconstruction and index
pollicization do well. One review of ADM opponensplasty
showedmean postoperative key pinch strength of 40% when
compared with normal age-matched controls.37 Studies
assessing FDS opponensplasty for type II and IIIa thumbs
have also shown positive functional outcomes. Vuillermin
et al reported mean strengths of 46% for grip, 49% for lateral
pinch, and 48% for tripod pinch relative to age and sex-
matched controls.38 de Kraker et al found grip strength,
pinch strength, tripod strength, and key pinch strength to
be 50% in type II thumbs and 35% in type IIIa thumbs. MCP
joint stability was attained in all type II thumbs and 40% of
type IIIa thumbs.39A total of four patients requiredMCP joint
revision for continued instability.38,39 Goldfarb et al evaluat-
ed postop complications after index pollicization and found a
10.9% perioperative complication rate consisting of venous
congestion, marginal necrosis, and infection. Thirty-six
percent of patients required additional procedures for
either poor opposition or limited extension.40 Other known

Table 2 Syndromes and associations with radial longitudinal deficiency

Syndrome or Association Characteristics Inheritance

Holt-Oram Congenital structural and/or electrical
cardiac defects Autosomal dominant

Fanconi anemia Early onset aplastic anemia Autosomal recessive

Thrombocytopenia
absent radius

Thrombocytopenia that improves
within first few years of life

Multifactorial inheritance including a
1q21.1 microdeletion

VACTERL

V
A
C
TE
R
L

Vertebral anomalies
Anal atresia

Cardiac abnormalities
Tracheoesophageal fistula

Renal agenesis
Limb defect

Sporadic

Source: Nguyen and Ho.26

Table 3 Modified Blauth classification of thumb hypoplasia

Type I Smaller thumb with intrinsic and extrinsic
musculature present

Type II Narrowed first web space
Absence of intrinsic thumb musculature
UCL insufficiency

Type III Type II with abnormal extrinsic musculature

Type IV Floating thumb (pouce flottant)

Type V Absent thumb

Source: Nguyen and Ho.26
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long-term complications after pollicization include malro-
tation, failure to grow, excessive length, and stiffness.17,41

Polydactyly

Preaxial Polydactyly
Preaxial polydactyly, also known as duplicated thumb or
split thumb, occurs in 0.8 to 1.4 of 1,000 live births.42 While
usually sporadic and unilateral, a duplicated thumb with a
triphalangeal component is autosomal dominant.43 The

Wassel–Flatt classification system is most commonly used,
which identifies the most proximal level of duplication
within the thumb, starting distally and progressing proxi-
mally. A type VII thumb contains a triphalangeal component
(►Table 5).44 More complex preaxial polydactylies that
involve triplications and triphalangism do not easily fit
into the Wassel–Flatt classification system, and other classi-
fication systems have been developed to account for these
more complex variations.45–47

Thumbs varywidely in appearance from slightlywidened,
completely duplicated, or partially syndactylized thumbs
that can be triplicated and include triphalangism (►Fig. 3).
Preaxial polydactyly can occur with ipsilateral hypoplastic
thumb.48 Thumbs may be angulated, displaying a character-
istic divergent-convergent deformity, which is difficult to
correct surgically. The thumb should be evaluated for pollex
abductus, an anomalous connection between the FPL and
extensor pollicis longus (EPL) tendons, which causes IP joint
apex ulnar angulation with attempted IP joint flexion. Pre-
operative active motion of joints should be documented, as a
poorly moving thumb before surgery will not improve after
surgery. Radiographs are always obtained to help in classifi-
cation and surgical planning.

Surgical reconstruction is delayed until 1 year of age to
decrease risks of anesthesia, but still allow reconstruction
before the development of tip-to-tip pinch. Thumb recon-
struction can be divided into four general types. Simple
excision of the extra digit can be performed in rudimentary
thumbs attached by a skin bridge. More well-formed dupli-
cations are not appropriate for this procedure. Most dupli-
cated thumbs are reconstructed by excising the more
diminutive thumb, usually the radial thumb to preserve
the UCL, which is important for pinch. Flexor and extensor
tendons to the retained thumb are preserved and centralized
if needed. The tendon to the excised thumb can be preserved
and inserted into the retained thumb for augmentation.
Depending on the level of duplication, the collateral ligament
to the IP, MCP, or CMC thumb joint is preserved by dissecting
it proximally with a strip of periosteum to allow for reinser-
tion on the retained thumb.49 More proximal duplications
also require reinsertion of the thenar musculature. Angula-
tion of the retained thumb may require closing wedge
osteotomy of the bone to straighten the thumb. The head
of the bone proximal to thumb duplication may have a
widened articular surface which requires excision of the
facet to the removed thumb to prevent future growth in
that direction and an unsightly prominence. K-wires are
typically kept for 4 weeks to maintain linear alignment of
joints and bones as soft tissues and osteotomies heal.

The Bilhaut–Cloquet procedure is a surgical option for
type I and II thumbs in which neither thumb is dominant.50

The central portion of the duplicated bone and soft tissue is
excised with the lateral aspects of each thumb reapproxi-
mated in the midline. It is criticized for causing nail defor-
mity, growth plate arrest, and joint stiffness.51 Finally, an on-
top plasty is rarely indicated for thumb reconstructionwhen
one thumb has a better proximal portion and the other has a
better distal portion. The better distal portion is transposed

Table 4 New roles of joints, bones, and muscles of the index
finger after thumb pollicization

Joints and Bones Muscles

Index finger New thumb Index finger New thumb

DIP joint IP Joint First volar
interosseous

AdP

PIP joint MCP joint First dorsal
interosseous

APB

MCP joint CMC joint EIP EPL

Metacarpal Trapezium EDC to index APL

Abbreviations: AdP, adductor pollicis; APB, abductor pollicis brevis; APL,
abductor pollicis longus; CMC, carpometacarpal; DIP, distal interpha-
langeal; EDC, extensor digitorum communis; EIP, extensor indicis
proprius; EPL, extensor pollicis longus; IP, interphalangeal; MCP, meta-
carpophalangeal; MCP, metacarpophalangeal; PIP, proximal
interphalangeal.
Source: Nguyen and Ho.26

Fig. 2 (A, B) A Blauth type IV hypoplastic thumb, also known as a
“pouce flottant.” (C, D) Immediate postoperative results after index
pollicization.
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onto the better proximal portion with its tendons and
neurovascular pedicle intact.52

Reported functional outcomes after duplicated thumb
reconstruction are encouraging. Gholson et al reported
similar disabilities of arm, shoulder, and hand scores of
preaxial polydactyly reconstructions when compared with
the general population. They also found similar pinch
strength, side pinch strength, and grip strength when com-
pared with the contralateral uninvolved hand.53 Dijkman
et al found that type II and IV preaxial polydactyly recon-
structions demonstrated competence with all manual
tasks.54 However, some patients do report ongoing psycho-
social issues related to the aesthetics of the reconstructed
thumb, with satisfaction rates ranging from 58 to 88%.55

Goldfarb et al found that lower visual analog scale scores
were associated with increased IP joint angulation and
Wassel–Flatt type VI and VII thumbs.56 Some studies have
tried to establish initial thumb joint angulation parameters
to determine if osteotomy at the time of surgery is needed for
long-term correction of angulation deformity. Hong et al
recommended performing corrective osteotomy if metacar-
pal deviation angle is greater than 10.8 degrees, while others
have found soft-tissue correction alone sufficient for meta-
carpal deviation angles less than 30 degrees.57,58

Postaxial Polydactyly
Postaxial polydactyly is anextradigit on theulnar aspectof the
hand. It is very common, occurring in almost 4 out of every
10,000 live births per year.59 The most common classification
system used divides fingers into type A, well-formed extra
digitwith articulationat thefifthor sixthmetacarpal, and type
B, underdeveloped, rudimentary digit attached to the ulnar
aspect of the hand by a skin bridge (►Fig. 4).5 Postaxial
polydactyly is much more common in African-Americans,
estimated to occur in 1 in 143 live births, occurs in isolation,
and is usually inherited in autosomal dominant fashion with
variable penetrance.17 In Caucasians, postaxial polydactyly
can be associatedwith systemic anomalies such as chondroec-
todermal dysplasia or Elllis-van Creveld syndrome.17

Traditionally, type B postaxial polydactyly has been
treated by suture ligation in the nursery. However, long-
term studies have found unsatisfactory cosmetic outcomes
with residual bumps as well as painful neuromas. Watson
and Hennrikus reported residual bumps in 43% of patients.60

Rayan and Frey found a 16.1% rate of “tender or unacceptable
remnant” after suture ligation.61Goebel et al found that 10 of
24 patients who underwent suture ligation required revision
surgery for either symptomatic neuroma or persistent poly-
dactyly.62 Texas Scottish Rite reported its use of surgical clips

Table 5 Wassel–Flatt classification for thumb duplication

Type I Type II Type III Type IV Type V Type VI Type VII

Split
distal

phalanx

Duplicated
distal

phalanx

Split proximal
phalanx and
duplicated

distal phalanx

Duplicated
proximal and
distal phalanx

Split metacarpal
with duplicated

proximal and distal
phalanges

Completely
duplicated
thumb

Duplicated
thumb with
triphalangism

Source: Nguyen and Ho.26

Fig. 3 Various examples of preaxial polydactyly, from (A) a clearly diminutive radial thumb to (B) thumbs of equal size with synonychia to (C)
divergent-convergent thumbs whose angulation will be difficult to correct.
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to perform in-office ligation of type B postaxial polydactyly,
the thought being the wider area of ligation decreases the
risk of nubbin formation. Seven percent of extremities
required surgical revision for painful, residual nubbins.
Surgical excision either in the office or in the operating
room is another treatment option. Multiple studies have
shown minimal postoperative complications after surgical
excision, consisting of either surgical site infection, residual
nubbin, or symptomatic neuroma.61,63

Type A postaxial polydactyly is much less common than
typeB.Anexcisionandreconstructionapproach similar tothat
for preaxial polydactyly should be used. Typically, the ulnar
digit is excised. If the duplication occurs at the MCP joint, the
UCL must be preserved as a ligamentoperiosteous flap as well
as the ADM insertion for reinsertion onto the retained finger.
Realignment of tendons is rarely needed. If the metacarpal
head is bifacet, widened for articulation of the duplicated
distal bones, the ulnar facet must be contoured to eliminate
future ulnar growth and formation of a bump.

Syndactyly

Syndactyly, or webbed digits, occurs in 2 to 2,000 live births,
affectsmales twiceasoftenas females, andoccursbilaterally in

50% of patients.64While usually sporadic, 10 to 40%of patients
will demonstrate a family history, indicating autosomal domi-
nancewithvariable penetrance andexpressivity.64 Syndactyly
usually occurs in isolation but can be associated with other
conditions or syndromes such as Poland syndrome (symbra-
chydactyly), Apert’s and other acrocephalosyndactyly syn-
dromes (complex syndactyly), and amniotic band syndrome
(ABS) (acrosyndactyly).64,65

Syndactyly is a failure of apoptosis between the digits to
create web spaces. The third webspace is most commonly
affected followed by the fourth, second, and first. Radio-
graphs are mandatory to assess involvement of underlying
bony structures, such as bony fusions, accessory bones, extra
digits (synpolydactyly), or other joint anomalies. Tradition-
ally, syndactyly is classified based on extent of distal fusion
between the digits and the involved fused structures. It is
labeled complete or incomplete, based onwhether it extends
to the fingertip, and simple or complex, based on whether it
involves only skin and subcutaneous tissue or includes fusion
of underlying bones (►Fig. 5). Kozin modified this classifica-
tion to assist with optimal surgical timing and technique by
dividing the simple and complex categories further into
standard (s), complicated (c), and urgent (u).66 Complete
syndactyly may involve synonychia, conjoined nails.66

Timing of syndactyly reconstruction varies between
surgeons, but most advocate surgery before 2 years of age.
Children develop hand function patterns between 6 to
24 months.67 Surgery before school age may prevent ridicule
and stigma frompeers.68 Border digit syndactylymust usually
be addressed before 12 months of age due to length discrep-
ancy between the digits which becomes more accentuated
with growth (the hand doubles in size during the first year of
life). Tethering of the longer digit, left unaddressed, can lead to
long-termangular and/or rotational deformities. Syndactylyof
adjacent web spaces will require staged reconstruction so as
not to jeopardize vascularity to the digits. In syndactyly
involving all four web spaces, typically the first and third
web spaces are initially addressed and 3–6 months later,
the second and fourth web spaces are treated. In complex
syndactylies, for example Apert’s, a careful examination of the
hand is required as sometimes anatomy will not support five

Fig. 5 Types of syndactylies: simple, incomplete (left); simple, complete (middle); complex (right).

Fig. 4 Example of postaxial polydactyly type B in a newborn.
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functioningseparateddigitsandconsiderationshouldbegiven
tomaintaining some of the syndactylies in exchange for stable
digital constructs.

Many articles have been published on the technical
aspects of syndactyly reconstruction, but they all share the
same basic tenants. Most surgeons will agree the key to
syndactyly reconstruction is recreation of the web space
commissure. The normal commissure extends distally to half
the length of the proximal phalanx and slopes 45 to
50 degrees from dorsal to palmar.66 In general, theweb space
is recreatedwith adjacent skin flaps, either dorsal flaps, volar
flaps, or interdigitating V-flaps, although many favor some
version of the dorsal flap. Various other flaps, such as
the local advancement flap with triangle-shaped wings or
the dorsal metacarpal island flap have been described in an
attempt to prevent the need for skin grafts proximally,
adjacent to the commissure.69,70 The commissural flap
must be inset without tension to prevent future web creep.
It has also been suggested that any breakup in the direction
of scarringwithin theweb spacewill help decrease tension.71

The digits are then separated distally, usually by zig-zag
incisions to create alternating flaps for coverage of the digits
from both volar and dorsal aspects. Distally, when synony-
chia is present, Buck-Gramcko flaps can be designed for
recreation of the involved paronychial folds. Care must be
taken to preserve the neurovascular bundles to each finger. A
distal bifurcation of the common digital nerve may need to
be neurolyzed proximally. A distal bifurcation of the com-
mon digital arterymay require ligation of the digital artery to
one of the fingers, provided there is sufficient flow from the
digit’s other digital artery. Skin flaps are inset after defatting
to help increase coverage, and the finger is assessed for the
need of skin grafts (►Fig. 6).

Skin grafting is essential to syndactyly reconstruction as it
has been shown that the circumference of separated digits is
22% greater than the circumference of syndactylized digits.1

Full-thickness skingrafts aremost often taken from the groinor
volar wrist. Proponents of the groin donor site cite a scar at the
wrist can be seen as a suicide attempt. Advocates of the volar
wrist cite the lack of hair growth in this area, even in the most
hirsute individuals, and excellent color match. More recently,
synthetic dermal substitutes have been used instead of full-
thickness skin grafts with encouraging results. Wall et al
reported only 5 of 21 web spaces required revision surgery
for web creep.72 Of note, this was only at 1-year follow-up, so
long-term outcomes are still awaited. Patients are typically
casted for 3 to 4 weeks postoperatively, while incisions and
skin grafts heal.

Both short and long-term studies of simple syndactyly
reconstruction are favorable. Edwards et al reported on 2-
year postoperative results after simple syndactyly reconstruc-
tion and found that in 143 web space reconstructions, there
were six infections, one pyogenic granuloma, one donor site
dehiscence, and four revisions for webspace creep or scar
contracture.73 Long-term outcomes for simple syndactyly re-
main encouraging,with one study reporting an 8% incidence of
web creepwhich did not interferewith hand function.74Only 2
of 19 patients reported functional issues (crocheting and

catching a ball), but one patient had concomitant oligodactyly
and the otherhad symbrachydactyly. Skin graftswere obtained
from the groin, and 70% of patients showed hair growthwithin
their skingraft sites.74Complexsyndactylies aretypicallynoted
to have worse outcomes than simple syndactyly. Goldfarb et al
assessed their long-term results after reconstruction of com-
plete, complex syndactyly in 25 web spaces.75 Twenty-four
percent ofweb spaces required revision, either for scar contrac-
turerelease, PIP joint contracturerelease,webspacedeepening,
or bony work. Notable web creep was identified in 48% of web
spaces, while angulation and rotation of digits and nail defor-
mity were commonly noted.75

Amniotic Band Syndrome
Amniotic band syndrome (ABS), or constriction band syn-
drome, is a congenital disorder with circumferential bands
around affected limbs which cause a constrictive hour-glass
appearance, malformation, and even amputation depending
on severity. ABS occurs in 1 in 1,200 to 15,000 live births.76,77

Females are affectedmore often thanmales (1.44 to 0.91), and
African-Americans are affected 1.76 times more frequently
than Caucasians.76 No distinct risk factor has been identified,
but an abnormal pregnancy event is documented in up to 60%
of patients.78,79 Craniofacial abnormalities, body-wall defects,
talipes equinovarus, and internal organ abnormalities have all
been associated with ABS.

The cause of ABS is not fully understood, with multiple
theories regarding the cause. First described by Streeter in
1930, the intrinsic theory states that an abnormality within
the germline development causes the amniotic band.80 This

Fig. 6 (A, B) Dorsal and volar aspects of a fourth web space simple
complete syndactyly without synonychia. Ulnar angulation of the
ring finger is noted due to tethering effect from the small finger. (C, D)
Immediate postoperative results after syndactyly release using
zigzag dorsal and volar incisions and a dorsally based pentagonal
shaped flap for web space reconstruction.
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theory helps support the association with body-wall defects
and internal organ and craniofacial abnormalities and has
been supported by several studies.81 Extrinsic theory, prob-
ably the most widely accepted theory currently, argues that
rupture of the amniotic sac from the failure of fusion of the
amniotic and chorionic sacs leads to the development of
amniotic bands which encircle and constrict body parts.82

Finally, some point to vascular disruption which then causes
systemic alteration of embryonic blood supply.83

Presentation of ABS is highly variable and can involve all
four extremities. The distal aspect of limbs is more commonly
affected, with fingers and hands involved up to 80% of the
time.79 The thumb is rarely affected, while the middle fingers
are most commonly involved.79 Constriction bands can be
mildly indented to severely constrictingwithdistal edemaand

even vascular compromise and nerve compression. Digits can
display acrosyndactyly in which the distal aspects are fused,
but proximally they are separate. Historically, anatomy proxi-
mal to the amniotic band has been described as normal.
However, recent studies have noted metacarpal hypoplasia
and proximal vascular abnormalities that are proximal to
bands.84 The most widely used classification system is that
of Patterson, which classifies patients based on deformity
distal to the constriction band (►Table 6).85

Surgical timing to correct amniotic bands varies on presen-
tation. In the setting of acute limb ischemia or severe distal
edema, amniotic band release is done urgently with nerve and
soft tissue reconstruction done at a second stage. This is rare
and most amniotic bands can be treated in a delayed manner,
timingdetermined byamniotic banddepth and resultingdistal

Table 6 Patterson classification for amniotic constriction bands

Stage I Simple constriction ring

Stage II Constriction ring with the deformity of distal part lymphedema may be present

Stage III Distal fusion (acrosyndactyly)

Type I Normal web space with distal fingertip fusion

Type II Incomplete web space formation with distal fingertip fusion

Type III Sinus tracts between digits with distal fingertip fusion

Stage IV Intrauterine amputation

Source: Gogola.87

Fig. 7 Amniotic band correction as described by Upton and Tan.
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edema. The more severe the distal edema, the sooner surgery
should be done to prevent secondary fibrosis. Acrosyndactyly
should be corrected before the age of 1 year to prevent
longitudinal bone growth restriction.86,87 In the setting of
amputation, variousoptionsconsistofnosurgical intervention,
digital lengthening, bone grafting, and finger and toe trans-
fers.86 Preoperative radiography assists in surgical planning.

While superficial bands can be released in 1 stage, many
surgeons still advocate a two-stage reconstruction for deep
amniotic bands to prevent vascular compromise to the distal
extremity. Six to twelve weeks is recommended between sur-
geries.87 Themost commonly used technique for amniotic band
excision is that described by Upton and Tan (►Figs. 7 and 8).88

The band is excised, and skin flaps are elevated proximally and
distally. Separate subcutaneous fat flaps are dissected out and
debulked as needed. Care is taken to preserve veins. Subcutane-
ous fat flaps and skin flaps are advanced separately for skin
closure and to correct the indentation deformity. Often, z-
plasties are needed on the lateral aspects of the finger or arm.

Historically, amniotic bands of the forearm and arm have
been reconstructed with either z-or w-plasties to prevent
band recurrence. Some surgeons now advocate for straight-

line closure as in general scars should be aligned within
relaxed skin tension lines (RSTLs) and limb RSTLs lie in an
almost circular pattern. Multiple studies have reported good
outcomes with linear closure.89,90 Habenicht et al reported
their 10-year experience with linear closure of amniotic
bands and found excellent cosmetic results with no recur-
rence of banding in 43 surgical corrections.90

There are limited studies on outcomes after surgical recon-
structionofamniotic bands, primarily consistingofcase series.
Almost all report satisfactory aesthetic outcomes with mini-
mal recurrence of bands. Mutaf and Sunay reconstructed 12
severe amniotic bands with dermofat flaps and found aes-
thetically acceptable results at mean follow-up of 3 years.91

Jiang et al performed single-stage resection of amniotic bands
with fascial flap and triangular flap-plasty in 21 patients and
found no band recurrence in any patients at 26-month follow-
up.92 Inglesby’s reviewofABScites a0 to33%recurrence rateof
amniotic bands with recurrence attributed to incomplete
resection of the band at the time of reconstruction.93

Preoperative nerve dysfunction secondary to amniotic
banding is associated with poor prognosis.94 Jones et al per-
formed early release of amniotic bands causing ulnar nerve

Fig. 8 Amniotic band syndrome. (A, B) Preoperative and postoperative pictures, respectively, of an amniotic band to the left middle finger.
Correction was done using the Tan and Upton method. (C–E) Preoperative and postoperative pictures of an amniotic band to the right lower
extremity. Excision was performed in staged fashion, and patient is awaiting excision of remaining half of amniotic band.
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palsy and found no nerve recovery at 7 years postop. In light of
these findings, he advocated the urgent release of amniotic
bands with excision of the compressed segment with either
primary repair or nerve grafting.94Other case reports support
poor nerveoutcomes innervepalsiesassociatedwithamniotic
bands, with only two of nine patients’ nerves improving after
amniotic band excision and neurolysis.95–99 Several patients
went on to require nerve grafting or tendon transfers.

Conclusion

There are a wide number of congenital upper extremity
anomalies. Due to their prevalence, plastic surgeons should
be familiar with the various presentations and cognizant of
which anomalies require further workup due to association
with systemic conditions. Particularly, thumb hypoplasia
may be associated with underlying syndromes or associa-
tions, while ABS usually presents with multiple extremities
and body parts affected. Accurate classification of hand
anomalies assists in determining both reconstructive tech-
nique and surgical timing. Surgical timing should minimize
the risks of anesthesia to the developing brain while maxi-
mizing hand function and aesthetics.
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