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Abstract

conditions.

This review article will cover common congenital conditions affecting the hand with specific reference to etiology, diagnosis, and
treatment. The congenital hand differences that are covered herein are syndactyly, amniotic constriction band, hypoplastic thumb,
radial polydactyly, vascular anomalies, and radial longitudinal deficiency. The reader is provided with a brief review of each of these
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1. Context

Congenital hand conditions encompass a myriad of
differences that affect the hand and upper extremity. The
classification and molecular basis of these conditions is
constantly updated as new insights into disease processes
are elucidated. Nevertheless, the classical defining terms
for these conditions remain broadly accepted. Syndactyly
refers to the fusion of digits whereas polydactyly refers to
the presence of extra digits. Amniotic constriction band is
defined as abnormal phenotypic patterns due to fibrotic
bands in the amniotic fluid. Hypoplastic thumb refers to
deficiencies in different constituents of the thumb. Vas-
cular anomalies include tumors and vascular malforma-
tions; the classification of these lesions is undergoing
rapid change as new molecular discoveries are made. Ra-
dial longitudinal deficiency refers to malformations in the
radial axis of the upper extremity. There is enough material
on each of these conditions to warrant a separate publica-
tion for each. Nevertheless, this publication will provide a
comprehensive overview of these conditions and provide
references for a deeper perspective if the reader is so in-
clined.

2. Genetics and Embryology

The upper limb buds appear as a bulge on each side of
the embryo during the fourth week of gestation. Over the

next four weeks, growth and differentiation of these buds
occurs to form the human upper extremity. This growth
and differentiation is under the influence of multiple sig-
naling centers which dictate the sequential events of de-
velopment. Hox transcription factors set up a segmental
differentiation framework along the proximodistal axis of
the limb. Three coordinate axes develop, each via distinc-
tive signaling centers: proximodistal, dorsoventral, and
anteroposterior. The ectoderm overlying the distal edge
of the limb bud at the dorsoventral boundary forms the
apical ectodermal ridge (AER). The formation of this cen-
ter then initiates the expression of AER-related Wnt and Fgf
proteins which act on the underlying mesoderm that, in
turn, controls proximal-distal growth of the limb.

A collection of mesodermal cells at the distal ulnar
margin is called the zone of polarizing activity (ZPA). These
cells control radioulnar patterning and coordinate asym-
metric limb mapping. They secrete a potent morphogen
called sonic hedgehog (Shh) that induces ulnar prolifera-
tion of the limb bud thus expanding its width. It also de-
fines the ulnar four digits of the hand.

By day 33 of development, growth and apoptosis trans-
form the distal portion of the growing limb bud into the
hand plate. A complex interaction between the Hox tran-
scription factors and Shh establishes digit number and
identity. Apoptosis via discrete interdigital centers leads to
isolation of the digits. The joints become evident around
the 7" week of gestation, and the limb is fully developed
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by the end of the 8™ week.

3. Classification

The Oberg-Manske-Tonkin (OMT) (1, 2) classification
system divides the congenital anomalies of the hand and
upper extremity into three main categories: malforma-
tions, deformations, and dysplasias. A malformation is the
abnormal formation of a part whereas deformation refers
to adifference arising after the normal formation of a part.
Dysplasia is the abnormality in size, shape, and the orga-
nization of cells. Malformations can be further subcate-
gorized based on the axis of development that is predom-
inantly affected (proximal-distal outgrowth, radial-ulnar
axis, and dorsal-ventral axis), and also whether the entire
limb or only the handplate is involved or an unspecified
axis. Malformations include longitudinal deficiency, syn-
dactyly, and polydactyly. Examples of deformations are
amniotic constriction band and trigger digit. Dysplasas
are further subcategorized into hypertrophy and tumor-
ous conditions, and include macrodactyly and vascular
anomalies. Each of the more common congenital hand dif-
ferences has its own classification system as outlined be-
low.

4. Syndactyly

Syn means with or together and dactylos means digit.
Syndactyly is the fusion of contiguous digits due to the fail-
ure of apoptosis in the apical ectodermal ridge during em-
bryonic development. This abnormality is usually found
in infants and the diagnosis is clear. Syndactyly could be
simple, only involving the skin or it could be complex, in-
volving bones and other soft tissue compartments. It could
be complete or incomplete, depending on the extent of in-
volvement. The incidence of syndactyly is 1in 2000 -3000
live births. It can be inherited in an autosomal dominant
trait with variable expression or reduced penetrance; how-
ever, it can also occur sporadically (3). Developmental syn-
dactyly always has a proximal to distal pattern of expres-
sion in other words, the proximal web is always affected
with variable penetrance distally.

Syndactyly can be associated with other conditions
such as Apert or Poland syndrome. In these syndromic con-
ditions, the syndactyly is frequently classified as compli-
cated, which is marked by interposing bony structures be-
tween the fingers, making separation more difficult. The

timing of syndactyly release varies with surgeon prefer-
ence and experience, but the most surgeons perform the
separation between 12 and 18 months of age. Earlier re-
lease should be considered in cases where deviation or de-
formity is present or impending, such as tight bony distal
syndactyly in the 4™ webspace. In contrast, in syndromic
patients or others with medical comorbidities, operation
should be delayed to minimize overall risk of general anes-
thesia.

The surgeon should pay attention to the webspaces in-
volved, degree of fusion, deviation or angulation, nail in-
volvement, any deficits in range of motion and any family
history (syndromes) (Figure 1). Imaging techniques such
as plain radiographs are used to ascertain the degree of
bone involvement, and guide timing and technique of sur-
gical release. More advanced imaging techniques are usu-
ally not necessary. Simultaneous release of adjacent dig-
its is possible, but should be undertaken with the utmost
caution to avoid injury to both digital arteries of a single
digit. In complex cases, often a digit will have only one
digital artery, further risking ischemia if adjacent webs are
released simultaneously. The surgeon should also be pre-
pared to do additional soft tissue resurfacing as tissue ten-
sion in the digit is easily tolerated on one side, but poorly
tolerated on both sides. Although many authors advocate
syndactyly release without skin grafts, this is only possi-
ble in a subset of cases where the syndactyly is less tightly
bound, usually incomplete cases. The authors use skin
graftsliberally in almostall cases of syndactyly because the
functional outcome appears superior and the downsides
of extra time and donor site are quite acceptable. Subse-
quent immobilization in a long arm cast is critical to en-
sure good soft tissue healing and predictable skin graft
take.

Functional outcome of the surgery depends mostly on
the preoperative status of the patient’s fingers and hand.
In more complicated cases some functional issues such as
rotational and angular deformity, and nail deformity are
probable.

Complications of syndactyly release include web creep
which is the loss of postoperative depth in the webspace.
The literature quotes rates of 2% to 24% for web creep.
In the authors’ experience, web creep frequency is low if
incisions are placed wisely and skin grafts are used lib-
erally. More immediate complications include partial or
complete skin graft loss or flap loss, vascular compromise
(in complex and complicated cases), nail deformity, rota-
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Figure 1. Dorsal (A) and palmar (B) views of a toddler with complete simple syndactyly affecting the third webspace. A dorsal hour-glass flap reconstruction is planned (A)
with dorsal and palmar (B) zig zag incisions. The flaps interdigitate, leaving two small open areas proximally which can be covered with full thickness skin grafts from the

lower abdomen (E and F).

tional and angular deformities and dense scars. Many of
these complications can coexist - for example, poor post-
operative immobilization can lead to skin graft loss and
subsequent web creep.

5. Radial Polydactyly

Polydactyly is the presence of extra digits, and radial
polydactyly specifically refers to the presence of extra dig-
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its involving the thumb ray. It is suggested that an imbal-
ance between the apical ectodermal ridge (AER) and the
underlying mesoderm is the cause, but the exact etiology
of polydactyly is unknown. The incidence is around 1in ev-
ery 3000 live births. Radial polydactyly can be seen in fam-
ilies and there can be associated abnormalities but these
arerare (4).

The level of bone and joint involvement aids in es-
tablishing the correct diagnosis within the lowa classifi-
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cation system (5), keeping in mind that soft tissue differ-
ences are not included in the classification. Type IV radial
polydactyly involves a duplicated proximal phalanx of the
thumb, and is the most common type involving approxi-
mately 45% of cases (Figure 2). The second most common
is type II which is defined as having a duplicated distal
phalanx. Additional classification systems have been pro-
posed, but the Iowa system is the most commonly used.
In radial polydactyly, the ulnar partner is usually the dom-
inant (better) digit; however, both partners may exhibit
findings of thumb hypoplasia and other functional and
anatomic abnormalities.

The imaging study of choice in polydactyly is plain ra-
diography. The radiographs demonstrate the exact level
and involvement of a polydactyly that may not be possible
to diagnose on physical examination.

Small pedunculated (‘nubbin’) polydactyly can be eas-
ily treated in the office if the patient is under a month
of age. Local anesthesia is administered and the lesion
is either excised with wound closure or ablated with a
hemoclip at its base. For older infants or those with wide-
based polydactyly, the author prefers excision under gen-
eral anesthesia at the age of 9-12 months. General anesthe-
sia is also required in cases with more extensive involve-
ment. For very complex cases the repair is preferably de-
layed until the structures are large enough to perform a
more technically precise surgery. There are three types
of repair of radial polydactyly: resection and reconstruc-
tion, the sharing technique, and acral transposition (‘on-
top plasty’). The choice between these methods is made us-
ing the clinical, radiographic, and functional findings. For
most cases, resection and reconstruction likely provides
the best functional and aesthetic outcome (6, 7). Sharing
techniques are best for distal cases where the partners are
of equal stature and functional status. Acral transposition
is reserved for cases where one partner has better distal
portions and the other has better proximal portions. This
occurs more commonly in proximally involved radial poly-
dactyly such as types Vand VI.

6. Amniotic Constriction Band

Amniotic constriction band (ACB) is defined as abnor-
mal phenotypic patterns in the limbs or digits allegedly
due to fibrotic bands in the amniotic fluid. These pheno-
typic arrangements could be seen as oligodactyly, acrosyn-
dactyly, lymphedema, nail deformities, joint deviations

and stiffness. Amputations may be seen at any level (Figure
3). The incidence of ACBis1in 1200 to 15000 live births and
itis not familial. It is more common in females than males
and more common in African Americans. Various etiolo-
gies have been proposed and while each has its strengths
and weaknesses, none has been widely accepted. Although
multiple different names have also been proposed for this
condition, we agree with Rayan’s interpretation of nomen-
clature for this condition (8).

Patterson classified ACB of the limb and/or digit based
on level (9):

Type 1: mild digital groove with normal distal extrem-
ity,

Type 2: deeper ring with distal deformity, including at-
rophy or lymphedema,

Type 3: syndactyly with fusion of the distal parts,
termed acrosyndactyly or fenestrated syndactyly,

Type 4: amputation distal to the constriction band.

Often called acrosyndactyly or fenestrated syndactyly,
digital fusion in ACB is different from developmental syn-
dactyly. In developmental syndactyly, the most proximal
part of the webspace is always involved, but in acrosyn-
dactyly the proximal portion is usually uninvolved, mani-
festing as a small sinus in the most cases. Furthermore, the
lengths of digits are usually normal in developmental syn-
dactyly but typically shorter in acrosyndactyly. In cases of
severe lymphedema and subsequent ischemia, the band(s)
should be released urgently to improve blood flow.

Imaging study of choice is plain radiography though
it is not needed in Patterson type I deformity. Doppler ul-
trasound is considered in evaluating distal blood flow in
preoperative planning of deep bands that seem to be fixed
to the underlying bone. When surgical planning is consid-
ered for separation of complex syndactyly, plain radiogra-
phy with multiple views is necessary. If there is suspected
compression of vessels, nerves, muscles or tendons, then
other imaging modality such as MRI is considered, though
its utility is questionable in the small patient.

Surgical management is indicated urgently in cases
where ischemia and worsening lymphedema are apparent
shortly after birth. In other cases, the usual time of surgery
is in late infancy or early childhood as there is abundant
subcutaneous fat and the skin is highly elastic. Surgery is
performed to improve appearance by releasing the band
and releasing the attachment of digits. If functional im-
pairment is present, the operation can improve tethering
and tendon gliding. In most cases, the main goal is to im-
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Figure 2. Plain radiograph (A) and clinical images (B) of a patient with Iowa type IV radial polydactyly. The ulnar deviation of the ulnar partner is clear on this palmar view,
thus a closing wedge osteotomy is necessary to bring the retained (ulnar) thumb back into neutral alignment. After osteotomy and closure, plain radiograph (C) and clinical
photograph (D) show good alignment. One year postoperative view (E) shows excellent alignment and function.

Figure 3. Dorsal (A) and palmar (B) views of a hand with amniotic constriction bands. This hand demonstrates several of the key findings in this condition, including fenes-
trated syndactyly, amputation, and deep bands.

prove the contour of the limb. Itis the authors’ preference  be helpful. Staged repair is performed when repairing two
toavoid Z-plasties especiallyin deep narrowbandsbecause ~ adjacent bands to avoid ischemia.

they are not necessary and introduce additional scarring The functional and aesthetic outcome of the surgery
for no real benefit. In more shallow bands, Z-plasties can 4 mostly dependent on preoperative status of the bands.
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Adverse outcomes include contour depression or asymme-
try, scarring and contracture. Complications of surgery in-
clude distal limb ischemia, flap ischemia, wound healing
problems, and venous insufficiency.

7. Hypoplastic Thumb

The thumb is the functional cornerstone of the hand
since it is perfectly adapted for pinching and grasping.
Congenital hypoplastic thumb is defined as any condition
of the thumb which manifests as deficiency in the bony,
articular, musculotendinous or cutaneous components. It
can present as a wide spectrum of deficiency from simply
ashallow first webspace with a normal thumb to complete
absence of the thumb (10).

The thumb is normally broader than the other dig-
its with ample movement in multiple directions, one of
the very few features that actually differentiates humans
from other animals. The normal first webspace in the hand
spans a gentle curvilinear depression between the firstand
second metacarpophalangeal (MP) joints.

Thumb hypoplasia can be associated with multiple
syndromes and/or other environmental causes. The inci-
dence of thumb hypoplasia is 1 out of 100,000 live births,
with a large number having associated cardiac anoma-
lies like Holt-Oram syndrome and VACTERL, or hemato-
logic abnormalities like Fanconi anemia and thrombocy-
topenia absent-radius (TAR). Patients can present any time
in life but in mild cases, especially if bilateral or in the
non-dominant side, it can go unnoticed until later in life
when abnormal appearance or function becomes more
pronounced. A practical categorization for thumb hy-
poplasia which also aids in surgical planning is the mod-
ified Blauth classification (11, 12).

Type I: thumbs have minimal shortening and narrow-
ing. Surgical intervention is not necessary.

Type II: thumbs have narrowing of the first webspace,
hypoplastic intrinsic thenar muscles, and laxity of the
metacarpophalangeal (MP)joint. Reconstruction is recom-
mended.

Type IIIA: thumbs have features seen in type Il thumbs,
butalso have extrinsic tendon anomalies and a hypoplastic
metacarpal. Reconstruction is recommended.

Type IIB: thumbs have features seen in type IIIA
thumbs, but also have an absent or diminutive proximal
metacarpal and instability of the carpometacarpal joint.

Pollicization is the treatment of choice, although a mi-
nority of surgeons offer vascularized metatarsophalangeal
joint transfer.

Type IV: pouce flottant or floating thumb. The thumb is
attached to the hand with a small skin pedicle. It has no
function. These thumbs are best treated with pollicization.

Type V: aplasia or complete absence. These thumbs are
also best treated with pollicization.

The stability of the MP joint is difficult to assess in an
infant because of global joint laxity. However, as the child
grows, the laxity becomes more evident on examination.
Patients with lax MP joints of the thumb sometimes use a
“metacarpal grasp” -using the thumb metacarpal head to
brace against an object- thus avoiding the distal thumb be-
cause it is unstable.

Intrinsic thenar muscle hypoplasia is usually evident
early especially if there is a normal contralateral side. Pa-
tients lack strong opposition and there is a hollow or de-
pression in the area of the normal thenar muscles. An in-
competent ulnar collateral ligament can sometimes mask
a shallow webspace, thus it is best to assess the web-
space by the angle achieved between the index and thumb
metacarpals. Extrinsic muscle abnormalities include ab-
normal size, length, strength, and insertion of the thumb
flexor and extensors. These anomalies are typically man-
ifested as joint deviations and/or lack of flexion or exten-
sion creases. The functional ability of the carpometacarpal
joint can sometimes only be made by allowing the child to
grow and watching the toddler at play-if the thumb is by-
passed in favor of the index finger, the joint is likely non-
functional.

The firstimaging modality used is plain radiography. It
can demonstrate the status of the metacarpal, CMC joint,
any abnormalities of the index finger, and the status of
the distal radius and ulna (to assess radial longitudinal
deficiency). MRI can aid in demonstrating soft tissue ab-
normalities, for example in muscles and tendons, but it is
rarely used. The surgeon should focus on treating the indi-
vidual deficiencies that are present in the thumb, with the
modified Blauth classification as a guide.

Index finger pollicization is performed as a proce-
dure transposing the index finger into the position of the
thumb, by shortening and repositioning the index finger
into arecessed, pronated, and palmarly-abducted position
and creating a well-contoured webspace. The authors per-
form index finger pollicization at around two years of age.
The greatest determinant of long term postoperative func-
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tion after pollicization is the preoperative state of the in-
dex finger. Abnormal index fingers are typically seen in
patients with radial longitudinal deficiency. These neo-
thumbs do not function as well as those who have polliciza-
tions of normal index fingers (13-15).

8. Vascular Anomalies

There are two types of vascular anomalies: tumors and
vascular malformations. Tumors demonstrate vascular hy-
perplasia such as hemangiomas while vascular malforma-
tions are defined as localized defects of morphogenesis.
There are two subcategories for vascular malformations:
slow-flow lesions such as capillary, lymphatic, and venous
malformations (Figure 4) and fast-flow lesions such as ar-
teriovenous malformations (AVMs). The difference in nat-
ural history between hemangiomas and malformations
is that hemangiomas have a biphasic growth with both
growth and the proliferation early in life and subsequent
involution; however, malformations have the tendency to
slowly expand throughout life, punctuated by more rapid
growth in early life and during puberty. Vascular anoma-
lies can occur anywhere in the upper extremity involving
all components of soft tissue, bone, and joint (16).

Inregards to pathogenesis of vascular anomalies, there
appears to be arole for the somatic activating mutations in
the phosphatidyl inositol-3-kinase (PIK3CA)/mammalian
target of rapamycin (mTOR) pathway. These (and other) ar-
eas are the target of intensive basic science research.

Imaging modalities of choice are ultrasonography as
the initial step and MRI for surgical planning. Moreover,
angiography is useful for high-flow AVMs. The manage-
ment of hemangiomas is often conservative with no in-
tervention or with medical therapy such as steroids and
beta-blockers. Malformations can undergo interventional
radiological treatments including sclerotherapy and em-
bolization. Sclerotherapy around major upper extremity
nerves can cause nerve injury; however, there are certain
indications for surgical management such as pain, func-
tional compromise, rapid growth, ischemia, and ulcera-
tion. Preoperative planning is critical and multiple debulk-
ing procedures might be necessary. It is ill-advised to sac-
rifice normal structures in most of these lesions as compli-
cate eradication is only possible for well-defined, smaller
lesions.

The outcome of the vascular malformation surgeries,
like most of other hand anomalies, depends on the de-
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gree of involvement. The more the contractions of joint
or tendon/muscle, the lower the chance of improvement
after surgery. Bleeding and skin flap compromise are the
two most common complications of the surgery in these
cases. Poor preoperational planning and incision place-
ment could cause skin flap compromise; however, with
meticulous hemostasis and liberal use of drains and hemo-
static agents, hematoma and bleeding can be avoided. Un-
fortunately, recurrence and persistent growth are com-
mon problems after surgery. Sclerotherapy should be
avoided as a non-operative management in palmar venous
malformations. Unless it can be used to fully eradicate a le-
sion, sclerotherapy (particularly with alcohol) is extremely
destructive and can make subsequent surgical resection
very difficult and highly risky.

9. Radial Longitudinal Deficiency

Radial longitudinal deficiency (RLD) is a congenital
anomaly with an incidence of 1in 30,000 to 100,000 live
births. There is hypoplasia of the radial side of the hand,
wrist and forearm. Bilateral and unilateral cases happen
in equal frequency. There are various degrees of abnormal-
ities in bony, articular, muscular (radial extensors of the
wrist), and other soft tissue components such as nerves
(radial and or median nerves coalesced into one ‘radian’
nerve). Developmental anomalies in the apical ectodermal
ridge (AER) between the fourth and seventh weeks of ges-
tation are likely responsible.

RLD constitutes a spectrum of anomalies ranging from
minimally-shortened radius with a normal hand to com-
plete absence of the radius, radial carpal bone (scaphoid
and trapezium)and thumb. Other fingers especially the in-
dex finger can be affected but the degree of severity lessens
from the radial to ulnar side of the hand. Elbow and shoul-
der abnormalities can also be present.

RLD is classified based on the degree of involvement.
The original Bayne and Klug (17) classification remains
widely accepted, though a few modifications have been in-
troduced. The most common types are type Il and IV.

Typel: minimal radial shortening of 2 mm as compared
to ulna. The elbow is normal and the thumb is present,
though possibly hypoplastic.

Type II: radius is hypoplastic, wrist is deviated, ulna is
bowed and thumb and radial carpal bones are absent.

Type I1I: the radius is partially absent, usually the distal
2/3rd. The thumb and radial carpus are severely affected. A
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Figure 4. Extensive venous malformation of the ring finger (palmar view, A). A mid-lateral incision has exposed the malformation showing its full extent (B).

fibrous anlage is associated with flexion and pronation of
the wrist.

Type IV: the radius is absent and the wrist is severely de-
viated - sometimes beyond 90 degrees. The thumb is usu-
ally absent. Often a small remnant of proximal radius will
ossify during the adolescent growth spurt.

Modifications to the original classification system in-
clude introduction of three additional types:

1. Type N: thumb hypoplasia with normal radius.

2. Type 0: absent or hypoplastic carpal bones with nor-
mal radius.

3. Type V: humeral abnormalities.

RLD is frequently associated with other conditions.
These conditions can include VACTERL association, Holt-
Oram syndrome, craniofacial microsomia, and Fanconi
anemia. The degree of involvement in RLD is detected with
plain radiographs which also help in classification. The
hand-forearm angle (HFA), and the hand-forearm position
(HFP) should be measured on anterioposterior (AP) radio-
graphs. These measurement help assess long-term suc-
cess of surgical correction versus non-operative treatment.
For the majority of patients, non-operative management
with splinting and stretching is used early in infancy. This
treatment may be a long-term solution for mild RLD (types
0, I, and II) or a short-term “bridge” solution in prepara-
tion to bring the wristinto neutral position for subsequent
surgery in more severe cases (types Il and IV).

Two methods of surgical management have been in-
troduced for severe cases: centralization and radialization.
Centralization involves carving a notch in the carpus to ac-
commodate the distal ulna after bringing it to the central
position to correct the deviation. In this operation, the
base of the third metacarpal is aligned with the central car-

pus and the distal ulna. Tendon transfers are performed
to rebalance the wrist muscles. Long-term problems from
the original centralization procedure include stiffness and
growth arrest. To remedy these issues, Buck-Gramcko in-
troduced radialization which involved first stabilization
of the radial carpal column into the distal ulna without
carpal resection, and second transfer of the dorso-radial
muscle mass ulnarly to contract the deforming forces and
provide long-lasting correction. There continues to be de-
bate about what constitutes centralization versus radial-
ization. Preoperative soft tissue distraction techniques
have made these operations easier (18). Regardless, long
term outcomes show recurrence of wrist radial deviation
despite the type of operation undertaken.
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