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Abstract Although congenital hand anomalies are rare, mus-
culoskeletal clinicians should have a basic understanding of
their clinical manifestations and the possibility of concurrent
anomalies and syndromes. In this review, we provide a brief
overview of the embryology of limb development and the
molecular pathways involved. We also summarize the clinical
manifestations, diagnostic evaluation, and principles of surgi-
cal treatment for radial longitudinal deficiency, thumb hypo-
plasia, ulnar longitudinal deficiency, central deficiency, syn-
dactyly, polydactyly, and amniotic constriction band. Al-
though one of the main goals of treatment is to provide a
functional upper extremity, musculoskeletal clinicians should
be aware of the clinical findings that should trigger referral to
evaluate for life-threatening syndromes.
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Introduction

Although congenital hand anomalies are rare, the practicing
orthopedic surgeon should be able to recognize the more
commonly encountered deformities, initiate evaluation for
systemic conditions if necessary, and refer the family to an
appropriate clinician for long-term management. Although
there are no published population-based studies from the

United States, recent epidemiologic studies from Finland,
Canada, and Australia have estimated the overall incidence
of upper limb anomalies as between 3.4 and 5.3 per 10,000
live births [1••, 2, 3]. The 1-year mortality of live-born infants
with congenital upper limb anomalies is 14 %–16 % [1••, 4],
emphasizing the importance of prompt recognition of the
deformities that are associated with medical syndromes. In
these situations, the orthopedic surgeon must facilitate referral
to a clinician who can proceed with the appropriate diagnostic
evaluations.

Although incremental progress has been made in the clin-
ical treatment of congenital hand anomalies, the most exciting
advances in treatment are likely in the future [5, 6••]. Contin-
ued advancements in our understanding of the molecular basis
of limb development may result in earlier diagnosis and a
wider array of treatment options for congenital anomalies [7,
8]. In this paper, we will review the embryology of upper limb
development as well as the diagnosis and evaluation of the
more commonly encountered congenital hand anomalies.

Embryogenesis of the upper extremity

Embryogenesis of the upper extremity occurs between 4 and 8
weeks after fertilization, and the majority of congenital anom-
alies occur during this period of time [9]. Limb bud develop-
ment begins with the lateral migration of 2 layers of mesoderm
(somitic and lateral plate) and outgrowth into the overlying
ectoderm [7]. Cells from the somitic mesoderm ultimately
form the muscle tissue of the limb, while cells from the lateral
plate mesoderm form cartilage and bones [7]. The limb bud
appears at 26 days and development continues through 47
days after fertilization [10]. Development of the limb is clas-
sically considered with respect to its 3 axes of growth (prox-
imal-distal; anterior-posterior/radio-ulnar, and dorsal-ventral),
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with each axis primarily controlled by distinct, but coordinat-
ed molecular pathways.

& Proximal-distal axis—development of the proximal-distal
axis is controlled by fibroblast growth factors (FGF) se-
creted by the apical ectodermal ridge (AER) [7]. The AER
is a thickened layer of the ectoderm that forms over the
distal edge of the limb bud. FGF secreted by the AER
stimulates proximal-distal growth of the limb via differ-
entiation of the underlying mesoderm. As part of a com-
plex feedback loop, the signal to produce FGF is supplied
by the underlying mesoderm. The AER signaling center is
responsible for the differentiation of the underlying meso-
derm and the development of the limb in the proximal-to-
distal direction. Removal of the AER results in arrest of
limb outgrowth. Furthermore, ectopic implantation of the
AER results in formation of an extra limb. The AER also
contributes to interdigital necrosis, allowing separation of
the initially webbed hand [11]. Defects in the AER lead to
anomalies such as limb truncation, transverse deficiencies,
and syndactyly [9].

& Anterior-posterior (radio-ulnar) axis—development in the
radio-ulnar axis is patterned by secretion of sonic hedge-
hog from the zone of polarizing activity (ZPA), a collec-
tion of cells along the posterior (ulnar) aspect of the limb
bud. Transplantation of the ZPA from the posterior aspect
to the anterior aspect of the limb bud causes creation of a
mirrored duplication of the ulnar aspect of the hand. In
addition to its primary role in development of the radio-
ulnar axis, the ZPA also contributes to maintenance of
proximal-to-distal limb development and participates in
the feedback loop of the AER [7].

& Dorsal-ventral axis—development in the dorsal-ventral
axis is regulated by the Wingless-type (Wnt) signaling
pathway [7, 11] within the dorsal ectoderm. The Wnt
pathway induces the underlying mesoderm to develop
dorsal characteristics and is blocked in the ventral ecto-
derm, allowing the development of ventral characteristics.
In mice, inactivation of the Wnt signaling pathway results
in the development of biventral limbs [7, 11]. The Wnt
pathway also contributes to regulation of sonic hedgehog,
reflecting the complex interaction and coordination
among the pathways responsible for the axes of limb
development.

The molecular pathways primarily responsible for
each axis work in concert to ensure the proper develop-
ment of the upper extremity. Errors in any of these
signaling pathways can indirectly affect the functioning
of the other signaling centers, and may reflect the pres-
ence of a multiorgan systemic disorder [11]. Greater
understanding of the complex interactions of molecular
pathways in limb formation will provide opportunities

for the development of innovative biologic treatments
to complement existing surgical techniques.

Radial longitudinal deficiency

The incidence of radial longitudinal deficiency (RLD; also
referred to as radial club hand) ranges from 0.38 to 1.64 per
10,000 live births [1••, 2, 4, 12]. Although RLD can be passed
genetically in autosomal recessive or autosomal dominant
forms, most cases of RLD are the result of spontaneous
mutations [13••]. Nearly all patients have some form of con-
current congenital musculoskeletal anomaly [1••, 2], most
commonly congenital scoliosis [14]. More importantly, one-
third of RLD patients have a medical syndrome [14], usually
affecting the cardiac, hematologic, and renal systems. The
most frequently reported syndromes associated with RLD
are thrombocytopenia absent radius (TAR) syndrome; the
VACTERL (vertebral defects, anal atresia, cardiac malforma-
tion, tracheoesophageal fistula, esophageal atresia, renal
anomalies, and limb anomalies) association; Fanconi anemia
(pancytopenia associated with bone marrow failure); and
Holt-Oram syndrome (atrial or ventricular septal defects)
[14]. In Goldfarb’s report of 55 syndromes diagnosed in 164
patients with RLD, there were 25 cases of TAR syndrome, 22
cases of VACTERL, 7 cases of Holt-Oram syndrome, and 1
case of Fanconi anemia. A substantial number of these syn-
dromes were not diagnosed prior to evaluation by the hand
surgeon [14].

The manifestations of RLD range from thumb hypoplasia
with an intact radius to the complete absence of the radius
(Table 1) [15]. RLD is bilateral in 59 % of cases [1••], but it
may not be symmetric. Although associated syndromes are
more common in advanced stages of RLD, they may occur in
the less severe stages. Regardless of the severity of RLD,
evaluation in coordination with a pediatrician is required.
Diagnostic workup usually consists of thorough physical ex-
amination, echocardiography, renal ultrasound, spine radio-
graphs, blood cell count, and a peripheral blood smear. A
chromosomal challenge test is used to evaluate for Fanconi
anemia, as early diagnosis of this potentially fatal disease can
be helpful in providing adequate time for donor matching if
bone marrow transport is necessary [11].

The goal of treatment for RLD is to provide a functional
upper extremity with a stable, mobile wrist and adequate
forearm length and functional thumb. The absence of bony
support on the radial aspect of the forearm leads to radial
deviation of the wrist, exacerbating the dysfunction of the
already shortened forearm and placing the finger flexors and
extensors at a mechanical disadvantage. In cases of advanced
RLDwith hypoplasia or absence of the radius (Types 3 and 4),
surgical “centralization” is often indicated to improve appear-
ance and function of the upper extremity [16•]. The best
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technique to centralize the wrist relative to the forearm is
debatable. Historically, bony procedures were used to secure
the repositioned carpus over the ulna. However, concerns
regarding recurrent deformities, wrist stiffness, and compro-
mise of ulnar growth after bony centralization [13••, 17••]
have prompted the use of alternative techniques that empha-
size maintenance of wrist and digit motion [18••]. Following a
period of splinting and stretching, Wall and colleagues release
the constricted soft tissues along the radial side of the wrist
and transpose a flap of ulnar tissue to the deficient radial side
[13••]. Continued splinting is used to maintain correction of
the deformity. Additional alternative treatments include free
microvascular transfer of the proximal fibula [19], or first
metatarsophalangeal joint to the radial side of the wrist [20],
ulnar lengthening [21•], and use of a ringed or unilateral
external fixator for soft tissue correction prior to bony central-
ization [22, 23]. Shortening and recurrent angular deformity
can be addressed with external fixators [24, 25], whereas
ulnocarpal arthrodesis is a viable salvage procedure after
failed centralization [26]. As with most congenital hand
anomalies, there is no uniformly accepted timeframe for sur-
gery, particularly if other aspects of a syndrome must be
addressed first. However, it is ideal if the course of surgical
treatment can be completed before the child begins school.

Thumb hypoplasia

Thumb hypoplasia is congenital underdevelopment of the
thumb (Fig. 1), with manifestations ranging from a slightly

smaller thumb to complete absence of a thumb. Thumb hy-
poplasia may exist independently or in the context of radial
longitudinal deficiency. The Manske modification of the
Blauth classification is used to describe thumb morphology
and to guide treatment (Table 2) [27, 28••]. The Type I thumb
is slightly smaller than a typical thumb but is stable and
provides good function; no treatment is needed. The Type II
thumb has hypoplasia of the intrinsic thenar muscles,
narrowing of the first webspace, and deficiency of the ulnar
collateral ligament (UCL) at the thumb metacarpal-phalangeal
joint. These findings are treated with opponensplasty to regain
thumb opposition, soft tissue release of the first webspace, and
UCL reconstruction. Although the ring flexor digitorum
superficialis (FDS), abductor digiti minimi, or extensor indicis
proprius can all be used for opponensplasty, using the ring
FDS provides the advantage of using the terminal aspect of the
tendon to reconstruct the UCL [28••]. The Type III thumb
includes the same findings as the Type II thumb, but also
involves loss of the extrinsic muscles and bony hypoplasia.
Type III thumbs are further divided based on stability of the
thumb carpal-metacarpal (CMC) joint: IIIA thumbs have a
stable CMC joint and can be treated similarly to type II
thumbs, whereas IIIB thumbs do not have a stable CMC joint
and are best treated with pollicization. Type IV thumbs (the
“pouce flottant” thumb) have rudimentary elements and are

Table 1 Classification of radial longitudinal deficiency (adapted from [15], with permission)

Type Thumb anomaly Carpal anomaly Distal part of radius Proximal part of radius

N Absence or hypoplasia Normal Normal Normal

0 Absence or hypoplasia Absence, hypoplasia, or coalition Normal Normal, radioulnar synostosis, or radial head dislocation

1 Absence or hypoplasia Absence, hypoplasia, or coalition >2 mm shorter than ulna Normal, radioulnar synostosis, or radial head dislocation

2 Absence or hypoplasia Absence, hypoplasia, or coalition Hypoplasia Hypoplasia

3 Absence or hypoplasia Absence, hypoplasia, or coalition Absence of physis Variable hypoplasia

4 Absence or hypoplasia Absence, hypoplasia, or coalition Absence Absence

Fig. 1 Clinical photograph of bilateral thumb hypoplasia

Table 2 Blauth classification of thumb hypoplasia (as modified by
Manske) with associated treatments (adapted from [28••], with
permission)

Type Findings Treatment

I Minor generalized hypoplasia No treatment

II Intrinsic thenar muscle hypoplasia
First webspace narrowing
UCL insufficiency

Opponensplasty
First web release
UCL reconstruction

III Similar findings to Type II, plus:
Extrinsic muscle and tendon abnormalities
Bone deficiency
A: Stable thumb carpal-metacarpal joint
B: Unstable thumb carpal-metacarpal joint

A: Reconstruction
B: Pollicization

IV Floating thumb (“pouce flottant”) Pollicization

V Absent thumb Pollicization

UCL ulnar collateral ligament
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attached to the hand by a small skin bridge, whereas Type V is
thumb aplasia with complete loss of all thumb structures and
radial carpal bones. Types IV and V are also treated with
pollicization.

Pollicization with the index finger is a technically challeng-
ing procedure requiring meticulous attention to detail and the
ability to manage perioperative complications [29]. The abil-
ity of the pollicized thumb to participate in pinch and grasp
depends on the preoperative status of the transposed digit, as a
stiff index finger is less able to participate in pinch once
transposed. Although the pollicized thumb commonly has a
more slender appearance than a normal thumb [30], its func-
tion into adulthood can be satisfactory [31], albeit with some-
what impaired function, strength, and motion [32, 33•]. In
situations in which it is culturally preferred to maintain a 5
finger hand, procedures such as metacarpal lengthening and
free microvascular transfer of the second metatarsal-
phalangeal joint can be used. However, the results are less
reliable than index pollicization [34].

Ulnar longitudinal deficiency

Ulnar longitudinal deficiency (ULD) is approximately 4 times
less common than RLD, with an incidence of 0.44 per 10,000
live births [1••]. ULD is not classically associated with life-
threatening systemic conditions and often occurs in isolation
and unilaterally [1••, 11]. Additional diagnostic evaluation is
not necessary in most cases. The entire limb is hypoplastic and
is marked by abnormalities of the elbow and forearm. The
radius can adopt an ulna-like appearance and may fuse to the
distal humerus [11]. The hand and carpus are almost always
affected in ULD, with up to 90 % of cases having missing
digits and 70 % having thumb abnormalities (specifically,
webspace deficiencies, malrotation of the thumb, and thumb
syndactyly) [35]. Treatment strategies are centered on assur-
ing appropriate function of the thumb and fingers. Web space
deficiencies are treated with soft tissue deepening, thumb
malrotation is treated with rotational metacarpal osteotomies,
and thumb syndactyly is treated with release [36]. Occasion-
ally, rotational humeral osteotomies are used to better position
the distal extremity and the residual cartilaginous ulnar anlage
is excised to treat persistent ulnar deviation deformities,
though great care must be taken in selecting proper patients
[17••, 35].

Central deficiency

Central deficiency (also referred to as typical cleft hand) is
also relatively uncommon, with an incidence of 0.52 per
10,000 live births [1••]. Historically, cleft hand was divided
into typical and atypical types; however, the latter is now

recognized as symbrachydactyly due to differences in
embryologic malformation. Central deficiency is commonly
inherited in an autosomal dominant pattern, but also may
occur spontaneously [37]. Phenotypic expression of central
deficiency may vary among generations and may occur with
cleft feet and facial clefts. Although no additional diagnostic
workup is generally indicated, referral to a geneticist may be
helpful for parents inquiring about the heritability of the
condition [17••]. In the hand, there is variable absence of the
index, middle, and ring rays and central carpus, with a typical
appearance of a V-shaped cleft without finger nubbins [11].
There is often syndactyly of the thumb-index and ring-small
webspaces. In the most severe cases, there is complete ab-
sence of the thumb. Decisions about management of the cleft
hand must be handled individually, as families with multiple
generations of cleft hands will have a different viewpoint than
families affected for the first time [37]. Given the potential
stigmatization and social impact of a cleft hand, surgical
treatment to improve cosmesis may be considered, taking
tremendous care to avoid compromising function. Surgical
treatment is generally indicated for progressive deformity of
the cleft, deficient first webspace, a malpositioned index ray
that interferes with function, and progressive flexion contrac-
tures of 1 or more digits [37, 38]. Reconstruction of the first
webspace is one of the most challenging aspects of the pro-
cedure [17••], as the index finger may require relocation to the
ulnar side of the cleft in a manner that avoids malrotation and
scissoring in flexion [37, 38]. In addition to first webspace
reconstruction and closure of the cleft, removal of transverse
bones from within the cleft and release of a deforming syn-
dactyly on the ulnar side of the cleft may be necessary. Given
the individuality of each deformity and the surgical treat-
ments, outcomes after surgery for central deficiency are diffi-
cult to collectively predict. Patients who have a stable thumb
and an appropriate first webspace are most likely to have
successful functional outcomes [37].

Syndactyly

Syndactyly is a common congenital anomaly that is charac-
terized by an abnormal connection between adjacent digits
[11, 39]. The incidence of syndactyly is approximately 2–3
per 10,000 live births [11]. It occurs more commonly in males
than females, and it occurs with equal frequency unilaterally
and bilaterally [39]. Syndactyly can be inherited or occur
sporadically, but when inherited, it is transmitted in an auto-
somal dominant pattern with variable expressivity and incom-
plete penetrance [11].

Specific terminology is used to describe the features of
each syndactyly. The extent of involvement of the digit deter-
mines whether the syndactyly is complete (complete soft
tissue connection between the digits) or incomplete. The type
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of tissue involved determines whether the syndactyly is simple
(soft tissue only) (Fig. 2) or complex (soft tissue and bone).
Last, if syndactyly occurs in the setting of a syndrome with
extensive bony or soft tissue abnormalities, it is referred to as a
complicated syndactyly [11].

Although syndactyly is typically an isolated finding, there
are a variety of conditions and syndromes that may be asso-
ciated with syndactyly, such as Poland’s syndrome and
Apert’s syndrome. Clinicians evaluating patients with syndac-
tyly should be aware of these potential associations and should
refer patients for further evaluation when appropriate [11, 39].
Poland’s syndrome is commonly associated with syndactyly,
and it is characterized by unilateral hypoplasia of the sternal
head of the pectoralis major and the entire upper extremity.
Similarly, Apert’s syndrome is associated with complex syn-
dactyly as well as craniosynostosis, hypertelorism, exophthal-
mos, and mild mental retardation [11, 39].

The goal of surgical treatment is to improve hand function
by releasing the interconnection between the 2 digits [39].
Over 40 methods have been reported in the literature, and the
premise of each method is to develop a deep and wide
webspace, as well as cover skin deficits with local soft tissue
or skin graft [39, 40]. Surgery is contraindicated in patients
with super digits (2 metacarpals supporting 1 digit or 1 meta-
carpal supporting 2 or more digits); complex syndactyly, in
which conjoined fingers move in unison; hands that lack
active muscle control; and adults with functional
syndactylized digits. Generally, surgery should be performed
before the child reaches school age [39].

Polydactyly

Polydactyly, the presence of an extra digit, is the most com-
mon congenital hand anomaly [41]. Manifestations of poly-
dactyly are described by the location of the extra digit: pre-
axial (radial), central, or post-axial (ulnar).

Pre-axial polydactyly (Fig. 3) is the most common type of
polydactyly and occurs most commonly in Caucasian,

American Indian, and Asian populations [42•]. Most cases
are unilateral, sporadic, and are not associated with systemic
syndromes [11]. However, a triphalangeal thumb is linked to
an autosomal dominant inheritance pattern, and it may be
associated with systemic syndromes such as Holt-Oram syn-
drome and Fanconi anemia [42•]. Approximately 50 % of
cases involve duplicated proximal and distal phalanges that
articulate with a bifid metacarpal head, and 90 % of all pre-
axial polydactyly cases involve the thumb [11, 42•]. Wassel
proposed the most widely used classification system for
thumb duplication, dividing this entity into 7 groups based
on the level of bifurcation [43]. Treatment of pre-axial poly-
dactyly usually requires removal of the smaller part and re-
construction of the retained component [9].

Post-axial polydactyly (Fig. 4) occurs most commonly in
patients of African descent [42•], with cases in Caucasian indi-
viduals requiring further evaluation due to concern for an un-
derlying syndrome such as chondroectodermal dysplasia or
Ellis-van Creveld syndrome [11]. Post-axial polydactyly is fre-
quently inherited in an autosomal dominant manner with vari-
able penetrance. It is classified as either well-developed (type A)
or rudimentary and pedunculated (type B). Type B post-axial
polydactyly can be treated with suture ligation of the pedicle in
the nursery, whereas Type A requires formal reconstruction with
transfer of important anatomical structures, such as the collateral
ligaments or muscles to the adjacent finger [9, 11].

Central polydactyly is a duplication of a nonborder digit,
and it is less prevalent than pre-axial and post-axial polydac-
tyly [11, 42•]. It most commonly occurs in the fourth digit,

Fig. 2 Clinical photograph of a simple syndactyly between the ring and
small fingers

Fig. 3 Clinical photograph of a pre-axial polydactyly (thumb duplication)

Fig. 4 Clinical photograph of a postaxial polydactyly
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followed by the third digit [42•]. It may be hidden in a
concomitant syndactyly, referred to as a synpolydactyly. Di-
agnosis requires careful examination and radiographic evi-
dence [11]. The treatment of central polydactyly is individu-
alized to each deformity and should be completed prior to the
development of angular deformities and contractures [42•].

Amniotic constriction band

Amniotic constriction band (ACB) is an overarching term
used to describe a range of congenital anomalies, including
annular constrictions of extremities, oligodactyly,
acrosyndactyly, talipes equinovarus, cleft lip and palate, and
hemangiomas [44]. There have been over 30 terms (including
constriction band syndrome, constriction ring syndrome, and
amnion rupture sequence) used to describe this collection of
physical findings. This is likely attributable to the lack of
consensus on etiology or defining features of ACB [44, 45].

The overall incidence of ACB is estimated at 0.98–
1.16 per 10,000 live births [46, 47], whereas the inci-
dence of ACB with amputation of a part of the upper
extremity is 0.62 per 10,000 live births [1••]. Risk fac-
tors for ACB have not rigorously defined, but associa-
tions with maternal illness, young maternal age, maternal
drug exposure, prematurity, and low birth weight have
been reported [44, 46, 48, 49]. There is limited evidence
for familial or hereditary predisposition and the majority
of cases are sporadic. However, temporal and geographic
clustering has been noted [50]. Although several theories
have been proposed, such as an intrinsic germ line ab-
normality and vascular disruption, there is no universally
accepted etiology for the constellation of findings in
ACB [44, 49].

The clinical manifestations of ACB can be categorized as 1
of 3 types: disruption, deformation, or malformation. Example
of disruptions, defined as the breakdown of normal tissue, in
ACB are constriction bands, amputations, and acrosyndactyly.
Deformations, which result from abnormal forces on the fetus,
may present in ACB as talipes equinovarus, scoliosis, and
joint contractures. Malformations are caused by an insult early
in gestation and are associated in ACBwith body wall defects,
internal organ abnormalities, and craniofacial abnormalities
[44]. Patterson proposed a classification scheme for the ex-
tremity findings of ACB: Type 1 describes simple constriction
rings; Type 2 describes constriction ring with distal deformity,
including atrophy and lymphedema; Type 3 describes
acrosyndactyly or fenestrated syndactyly; and Type 4 de-
scribes any type of amputation [51].

ACB classically involves multiple extremities, with the
most common deformities being limb or digit amputations,
constriction rings, and acrosyndactyly [44]. Usually 3 extrem-
ities are involved, with greater involvement of the upper

extremity, especially the distal aspects and central digits [47,
52]. Additional findings include talipes equinovarus, which
occurs in approximately a third of patients, and less common-
ly, scoliosis, craniofacial abnormalities, bodywall defects, and
internal organ abnormalities. Children with amniotic constric-
tion band need to be referred to a clinical geneticist or appro-
priate subspecialist in order to be evaluated for these associ-
ated findings [44].

As with most congenital upper extremity deformities,
the management of ACB is individualized and focused
on improving function and cosmesis. Circumferential Z-
plasty or W-plasty can be used to release deep bands,
whereas amputation may be considered in cases of severe
ischemia and high risk of osteomyelitis. On-top plasty
(partial digital transfer) and bone-lengthening procedures
can be performed to restore function in the setting of
digital hypoplasia and amputation. Last, digital separa-
tion and webspace reconstruction can be performed for
acrosyndactyly. One or 2-stage procedures may be re-
quired for optimal results, and the timing of surgery is
dependent on the disease severity and predicted skeletal
growth [49, 53, 54]. In the future, advances in prenatal
diagnosis and fetoscopic surgical techniques may allow
for in-utero treatment of amniotic constriction band [49].

Conclusions

Although congenital hand anomalies are rare, they may be
associated with medical syndromes and may cause significant
functional impairment. Detailed history-taking, thorough
physical examination and appropriate referral for further di-
agnostic workup are necessary in evaluating the patient with a
congenital hand anomaly. Although classification schemes
can provide the basis for treatment for many congenital hand
anomalies, treatment should be individualized to the charac-
teristics of each patient and each family. Continued advances
in our understanding of the molecular basis of limb develop-
ment will provide additional opportunities for early diagnosis
and innovative treatments.
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