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Abstract
Purpose of Review To provide a current review of the embryology, classification, evaluation, surgical management, and clinical
outcomes related to preaxial polydactyly.
Recent Findings Recent studies include a proposed embryologic link between preaxial polydactyly and other congenital abnormal-
ities, an evaluation of long-term postsurgical outcomes, and an examination of important predictors for postsurgical outcomes.
Summary Preaxial polydactyly, while relatively uncommon, is a complex congenital hand abnormality that requires careful
preoperative classification and proper surgical intervention timing to yield optimal outcomes.
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Introduction

Although congenital hand and upper extremity differences are
relatively rare, polydactyly of the hand is the most common
congenital upper limb anomaly encountered by pediatricians
and hand surgeons [1•]. While the overall prevalence of con-
genital upper limb anomalies is 22.0–27.2 per 10,000 live
births, the New York Congenital Malformations Registry
(NYCMR) database has estimated the prevalence of hand
polydactyly to be 21.6 per 10,000 live births [1, 2].
Polydactyly is characterized by duplication, or partial split-
ting, of a digit during development and can present on the
radial side of the hand (preaxial), in the center of the hand

(central), or on the ulnar side of the hand (postaxial) (Fig. 1
a and b). The preaxial form is the second most common be-
hind the postaxial form with a reported prevalence of approx-
imately 0.8 to 2.3 in 10,000 live births [2–5]. Preaxial poly-
dactyly (also known as radial polydactyly, thumb duplication,
or split thumb) has a highly variable presentation and can
present with duplication of phalangeal and metacarpal ele-
ments. TheWassel-Flatt classification system is the most com-
monly utilized system for distinguishing between the various
presentations (Fig. 2) [4]. Prognosis, surgical approach,
operative complications, and postsurgical outcomes can vary
depending on type of preaxial polydactyly making it an
important aspect of the evaluation process [6–8]. Recent inves-
tigations on preaxial polydactyly have focused on elucidating
the etiology, updating classification techniques to provide more
tailored surgical recommendations, and refining understanding
of postoperative outcomes [9–11]. The review presented herein
aims to provide an overview of preaxial polydactyly and to
highlight these more recent scientific developments.

Genetics and Embryology

There are two major variations of thumb duplication,
biphalangeal and triphalangeal thumb, both of which arise
from aberrant sequence variations in the Sonic hedgehog
(SHH) protein signaling pathway. Duplication of a
biphalangeal thumb is more frequently unilateral, tends to
arise sporadically, and is due to a developmental error leading
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to minor anterior SHH expression [12, 13]. Inherited
biphalangeal preaxial polydactyly, while much less common,
exhibits an autosomal dominant inheritance pattern with var-
iable penetrance. Triphalangeal preaxial polydactyly, a variant
where the thumb has an extra middle phalanx and an abnor-
mally long and thin first metacarpal having epiphyses at both
ends, usually presents symmetrically and bilaterally (Fig. 3).
Unlike biphalangeal preaxial polydactyly, it is more common-
ly inherited, exhibits an autosomal dominant pattern with var-
iable penetrance, and is usually related to point mutations
leading to moderate gain of function of SHH [12, 13].

From an embryologic standpoint, the development of up-
per limb typically occurs between 4 and 8 weeks after fertili-
zation, with themajority of congenital hand and upper extrem-
ity anomalies also arising during this sensitive growth period.
Limb development progresses along a proximal-distal axis, an
anterior-posterior (radio-ulnar) axis, and a dorsal-ventral via

complex signaling molecular mechanisms, each of which
work in concert to ensure proper formation and timing of
development [6, 14, 15].

On a molecular level, preaxial polydactyly typically results
from a failure of formation and lack of differentiation affecting
the anterior-posterior development axis of the hand plate. This
axis contains a specific signaling center known as the zone of
polarizing activity (ZPA), which is located in the posterior
aspect of the developing bud. The ZPA expresses the afore-
mentioned SHH signaling protein, which plays a major role in
determining radial-ulnar characteristics in the developing limb
[6, 9, 16]. Ectopic SHH expression and disruption of its sig-
naling pathway have been implicated in preaxial polydactyly
as well as other congenital upper limb abnormalities [12, 17].
Recent literature has focused on a possible link between pre-
axial polydactyly and other limb anomalies such as radial
aplasia and ulnar dimelia, given the integral role of SHH in

Fig. 1 a Photograph demonstrating Wassel-Flatt type IV preaxial
polydactyly in the left hand of a 16-month-old male. Note the divergence
of the radial and ulnar thumbs at the metacarpophalangeal joint and the
convergence at the interphalangeal joints. The radial thumb is notably
smaller with poorly formed creases along the dorsal aspect of the
interphalangeal joint suggesting more limited motion in comparison with
the ulnar thumb. Observation of the child demonstrated preferential use of

the ulnar thumb. b Photograph demonstrating postaxial polydactyly in the
right hand of an 18-month-old female. In this case, the extra digit is well-
formed, and there is a bony connection between the ulnar and radial small
fingers. In the majority of postaxial polydactyly cases, the supernumerary
digit contains primarily soft-tissue elements and is connected to the hand
by a thin cutaneous bridge

Fig. 2 Illustration demonstrating
the Wassel-Flatt classification
system for preaxial polydactyly.
Note that the Wassel-Flatt type
VII thumb duplication is
characterized by the presence of a
triphalangeal thumb. (Used with
permission from the Children’s
Hospital of Philadelphia,
copyright CHOP)
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the pathogenesis of all three anomalies. Results in a recent
study conducted by Lam et al. suggest that the three condi-
tions could be part of single spectrum involving aberrations in
the SHH pathway and that both the timing and dose of SHH
expression can be a major determinant in the development of
preaxial polydactyly [9]. Previous studies have also suggested
that preaxial polydactyly can be associated with other congen-
ital anomalies such as acrocephalopolysyndactyly types I and
II, Holt-Oram, Fanconi anemia, Rubinstein-Taybi, or Down
syndrome [18, 19]. Thus, the embryologic origins of preaxial
polydactyly continue to be an important area of study given
that its etiology from a biomolecular standpoint is still being
formally developed.

Anatomy and Classification

In broad terms, congenital limb abnormalities are typically
classified using the Oberg, Manske, and Tonkin (OMT) sys-
tem, which is subdivided based on malformations, deforma-
tions, and dysplasias [16, 20–22]. Preaxial polydactyly falls
under the umbrella category of “malformations” given its sta-
tus as an abnormal radioulnar axis formation/differentiation of
the hand plate. Although categorized by the OMT, variations
of preaxial polydactyly are more commonly described using
the Wassel-Flatt classification, which provides a radiographic
description based on the skeletal level of duplication from
distally to proximally (Fig. 2) [4]. This classification system

not only refers to the pathoanatomy of the duplication but also
is well suited for guiding optimal surgical management [8, 19,
22]. The Wassel-Flatt system outlines the seven main types of
preaxial polydactyly: types I–IV describing alterations of the
phalanx, types V–VI describing alterations of the metacarpal,
and triphalangism typically listed as type VII, which was
added in a modified version of the classification system
(Fig. 2) [23]. Additional subtypes of triphalangism have been
categorized to describe more complex variations [24, 25]. The
system can also be read according to classification number, as
even numbers represent complete duplications and odd num-
bers represent bifid duplications. Type IV, which presents as a
duplication of the proximal and distal phalanges that articulate
with a broad metacarpal head, is the most common form oc-
curring in 40% of patients (Fig. 1a) [7, 26, 27]. The Wassel-
Flatt classification system is not without faults, as many stud-
ies have identified some potential shortcomings [10, 22, 23,
28–30]. Dijkman et al. noted that the Wassel-Flatt system
lacked designations for complex osseous or soft tissue ele-
ments and advocated for the Rotterdam system as a potential
alternative [30]. A more recent study by Evanson et al. sug-
gests that the Chung classification system may more appro-
priately guide surgical approach and serve as a better predictor
for reoperation rates given the significant association between
Chung assignment and need for future revision [10, 29].
Despite these perceived deficiencies, however, the Wassel-
Flatt system is almost universally used and remains both a
vital foundation and important guide for many hand surgeons
managing preaxial polydactyly.

Evaluation and Management

While each Wassel-Flatt type of thumb duplication can present
with its own unique set of management obstacles, the evaluation
and underlying surgical principles of preaxial polydactyly have
significant overlap. Most patients are evaluated in infancy before
the manifestation of functional limitations. A recent study by
Cabrera Gonzalez et al. recommended surgical management be-
tween the ages of 7 and 12 months while reporting fewer com-
plications in this time interval, though another by Comer et al.
recommended interventionbetween the ages of 12 and16months
given the added benefit of operating on larger digits, which tend
to be technically easier to reconstruct [7, 8]. General consensus,
however, among most authors is that approximately 12–
18 months of age is an appropriate time point for surgical inter-
vention given the diminished anesthetic risk, lack of functional
pinch, and lack of awareness regarding esthetic appearance [7,
31]. Patient evaluation requires in-depth history, physical exam-
ination, and radiographs to assign classification and guide surgi-
cal planning. Imaging and subsequent classification assignment,
in particular, are crucial given the strong association between
Wassel-Flatt type and outcome prognosis [8, 31]. Three-

Fig. 3 Photograph illustrating Wassel-Flatt type VII preaxial polydactyly
in the right hand of an 18-month-old male. Note the abnormally long
appearance of the thumb along with the presence of distinct proximal
and distal interphalangeal joint creases suggestive of the extra middle
phalanx
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dimensional ultrasound has been proposed as a potential aid in
the evaluation process given its ability to observe possible under-
lying muscular and vascular abnormalities but is not first-line
imaging and more suited for supplemental imaging [32].

The general methods of surgical correction for thumb dupli-
cation have been previously outlined by Tonkin, and their utili-
zation is dictated by complexity, size, and location of the ana-
tomical abnormality [22]. Studies on specific procedure type,
surgical approach based on certain Wassel-Flatt classification
types, and surgical techniques have been extensively described
elsewhere [3, 33–39]. In brief, the primary goal of thumb recon-
struction is to obtain stability, mobility, alignment, proper size,
and proper shape. Minimization of scarring and nail deformity
and optimizing esthetic appearance are also important consider-
ations [8, 22]. The most common approach for management is
excision of the less well-developed, hypoplastic digit with recon-
struction of the retained thumb (Fig. 4–d). Of the two, the ulnar
thumb is typically more functional and less angulated, resulting
in ablation of the radial thumb and use of its soft tissue to enhance
the function and appearance of the ulnar thumb. This also allows
for preservation of the ulnar collateral ligament, which is vital for
grip and pinch function [6, 7, 40]. When the duplication is sym-
metrical, a radial-sided flap with zigzag incisions is made with
care to preserve the origin of the radial collateral ligament from
the thumbmetacarpal. The radial collateral ligament is sutured to
the proximal phalangeal base of the ulnar thumb to reconstruct
the deficient collateral ligament. Reconstruction of the ulnar
thumb may also require extensor tendon transfer or realignment,
flexor tendon transfer, and/or preservation and reattachment of
the thumb intrinsic musculature. Extra-articular malalignment
requires additional corrective osteotomy with either a closing or
an opening-wedge osteotomy and K-wire stabilization. The
Bilhaut-Cloquet produce can be utilized for nonsymmetrical du-
plications when there is minimal thumb size mismatch, particu-
larly in Wassel-Flatt types I–IV. This procedure entails resection
of the central portions in the duplicated digits and closure of the
retained peripheral portions of the digits to form a single thumb
[41]. In cases when one thumb is better developed proximally,
while the other thumb is better developed distally, an on-the-top
plasty may be used to combine the two portions into one digit.
Preserving the neurovasculature function of the distal segment
requires immense precision given the risk of vascular compro-
mise with this procedure. These procedures and specific associ-
ated modifications are further described in depth elsewhere [6, 8,
34–36, 38]. Following surgical reconstruction, in most cases, a
long-arm thumb spica cast is applied for approximately 4 weeks.

Rehabilitation

The role of postoperative hand therapy is determined by the
complexity of the specific duplication and surgical reconstruction
as well as the baseline functional status of the child. Following

cast and pin removal, patients are referred to occupational thera-
py for fabrication of a custom forearm-based thumb spica splint
with the interphalangeal joint included to ensure proper align-
ment of the joints and to maintain the web space depth (Fig. 5).
The splint is worn full time for 4–8 weeks depending on the
complexity of reconstruction with removal for range of motion
exercises and supervised light functional hand use as appropriate
[42]. Caregiver education on hand washing, surgical scar care,
edema management, and desensitization are also initiated at this
time. Scar management techniques can begin when there is suf-
ficient healing of the surgical incision.

In a simple reconstruction that did not require bony
osteotomy or ligament reconstruction, patients can begin ac-
tive motion following dressing removal 10–14 days postoper-
atively within comfort. In more complex reconstruction, gen-
tle active joint motion of the thumb can begin once sufficient

Fig. 4 Photographs demonstrating the reconstruction of a Wassel-Flatt
type IV preaxial polydactyly in the left hand of a 16-month-old male
pictured in Fig. 1a. a Zigzag surgical incision along the radial border of
the ulnar thumb is used to optimize visualization during surgery while
minimizing postoperative scarring. b The radial collateral ligament is
detached from the proximal phalanx of the radial thumb (held in this
photograph with tissue forceps at the nine o’clock position) with a strip
of periosteum and is preserved for reattachment to the proximal phalanx
of the ulnar thumb. c The metacarpal head is shaved down with #15 blade
to reduce the abnormal breadth of the metacarpal head while preserving
the origin of the radial collateral ligament. d A Kirschner wire is used to
stabilize the metacarpophalangeal joint for 4 weeks, and the skin flaps are
closed with absorbable suture
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bony union under the supervision of a hand therapist, approx-
imately 4 weeks postoperative [6]. Activemotion can progress
to incorporating supervised light functional thumb use for
grasp and pinch as tolerated [42]. Encouragement of a lateral
pinch, pad to pad pinch, palmar pinch, and cylindrical grasp
with opposition should be facilitated throughout play-based
activities. Gentle passive thumb interphalangeal and
metacarpophalangeal motion can generally be initiated at
6 weeks as tolerated. Progressive strengthening activities can
be initiated as needed after 8 weeks, once the child demon-
strates comfortable active motion of the reconstructed thumb
targeting functional grasp and pinch patterns.

Outcomes

The results following surgery and thumb reconstruction tend to
be favorable but can vary based on complexity of the thumb
duplication. Preoperative Wassel-Flatt type designation tends to
be an important prognostic indicator for postsurgical outcome.
Generally, outcomes for Wassel-Flatt types I, II, and IV thumb
duplications are better than those for Wassel-Flatt types III, V,
and VI based on inherent differences in the nature of the dupli-
cation [31]. In corroboration with an earlier study conducted by
Cabrera Gonzalez et al., a more recent study by de Almeida et al.
suggests that age at operation, in addition toWassel-Flatt type, is
also an important prognostic factor for postoperative outcome.
Short- and long-term functional and esthetic outcomes for preax-
ial polydactyly are well described in the medical literature [8, 11,
26, 28, 38, 43–47]. These studies have examined both the objec-
tive outcomes, including range of motion, joint stability, thumb
alignment, grip strength, and pinch strength, as well as subjective
esthetic outcome. The Tada score a point-based criteria grading
system developed by Tada et al. assigns points based on various
objective functional outcomes and is also a frequently recorded
metric in outcome studies [28].

A recent study by Gholson et al. reported favorable long-term
clinical and radiologic outcomes as demonstrated clinically by
strength testing and verified clinical outcome measurements in-
cluding the Disabilities of the Arm, Shoulder, and Hand
Outcome (DASH) and Patient-Reported Outcomes
Measurement Information System (PROMIS) for the upper ex-
tremity as well as radiographically to determine the presence of
arthritis [48•]. A study population of preaxial polydactyly patients
with a median follow-up of 36 years was found to have mean
DASH (3.7 vs. 10.1) and PROMIS scores (51.5 vs. 50) that were
comparable with the general population. Despite limited thumb
range of motion, the patients in this series demonstrated mean
pinch strength, side pinch strength, and overall grip strength com-
parable with the contralateral side. Joint arthritis was found in only
15% of participants, but 46% of patients had angular deformity
[48•]. Although postoperative outcomes are typically positive,
some studies have highlighted less favorable results in the postop-
erative period. A recent study by Goldfarb et al. suggested that
dissatisfaction with cosmetic appearance after reconstruction was
associated with residual angulation and reduced nail width, which
can be common complications during preaxial polydactyly recon-
struction [26]. In more recent literature, a study by de Almeida
et al. reported a strong association between negative functional
outcomes and unfavorable cosmetic appearance as well as residual
deformity, the incidence of which increases with increasing com-
plexity of duplication [11•]. Regarding long-term postoperative
complications, Stutz et al. noted that 19% of the 41 patients eval-
uated in his study required re-operation, citing the instability and
pain as the most frequent causes for revision [46].

Author’s Experience

Given the possibility of postoperative dissatisfaction due to
angular deformity or instability, precise surgical technique is
paramount. The surgeon must take care to preserve and recon-
struct the radial collateral ligament at the time of the index
procedure. In addition, a corrective osteotomy of the proximal
phalangeal neck is often required to avoid a postoperative
angular deformity. By adhering to these principles, the sur-
geon can minimize the potential need for revision surgery.

Conclusion

Preaxial polydactyly is a congenital hand abnormality with
complex embryologic origin that presents in infancy with
varying complexity and requires both careful preoperative
evaluation and surgical reconstruction. Timing and approach
of surgery often yield favorable functional and esthetic out-
comes, but need for reoperation and postoperative complica-
tions may occur especially with thumb duplications of increas-
ing structural complexity.

Fig. 5 Photograph demonstrating a custom forearm-based thumb spica
splint with the interphalangeal joint included to ensure proper alignment
of the joints and to maintain the web space depth
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