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ABSTRACT

Background: Local flabs and skin grafts are conventional
methods of repair congenital syndactyly. Skin grafting for
syndactyly repair is time consuming, has the potential risks
of scar contracture and web creep and the results obtained
are not always as functional and aesthetic as desired. In this
article, we describe a graft-less surgical technique for web
reconstruction in the correction of congenital simple syndactyly
by using the dorsal metacarpal double winged advancement
flab for web reconstruction with primary closure.

Patients and Methods: Between March 2016 and May
2017, 10 paediatric patients with 14 congenital simple sydac-
tylies were reconstructed with the dorsal metacarpal double
winged advancement flab. Complex syndactylies, Apert syn-
drome, Poland syndrome, traumatic and or post-burn syndac-
tylies were excluded from the study. Operation time, intraop-
erative complications, early and late post-operative
complications were followed-up clinically, and photographs
were taken, including dorsal and volar views before and after
the operation as well as at 2 month regular intervals for 1
year. The patient age ranged from 9 months to 48 months
(median of 28.5 months). The minimum follow-up period was
12 months (range, 12-28 months; mean, 21.4 months).

Results: The mean operation time was approximately 78
minutes (65-90min.) Soft tissue defects were closed primarily
without skin grafting in all cases. All the flabs survived
completely without early complications such as infection,
vascular compromise or delayed healing. No occurrence of
long-term complications including web creep, flexion con-
tractures, angulation deformity, or abnormal scarring formation
were found during the follow-up period. Cosmetical and
functional satisfactory outcomes were achieved in all cases
without secondary revision.

Conclusion: The dorsal metacarpal double winged ad-
vancement flab is a graft-less solution for web spac recon-
struction is non-tight congenital simple syndactyly.

Key Words: Dorsal — Metacarpal — Double winged — Flap —
Web — Reconstruction — Syndactyly.
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INTRODUCTION

The term syndactyly derives from the Greek
syn (together), and daktylos (finger), and refers to
the clinical appearance of fingers which fail to
separate into individual appendages which usually
occurs during the sixth and eighth weeks of em-
bryologic development [1]. Syndactyly is the most
common congenital anomaly of the hands, with an
incidence of 1 in 2000-3000 live births [2].

Syndactyly can be classified in several ways.
Anatomically the syndactyly is either simple or
complex, and complete or incomplete. Simple
syndactyly involves only soft tissues whereas
complex includes side-to-side bony fusion. When
the adjacent digits are fused all to the finger-tip it
is described as complete syndactyly, whilst the
incomplete type refers to only partial union. Syn-
dactyly can be an isolated finding or seen with
other anomalies such as acrosyndactyly, clindodac-
tyly, synostosis, cleft hand and polydactyl, or as
a feature in several syndromes including Apert,
Poland's, Pfeiffer, Jackson-Weiss and Holt-Oram

[3].

The principles of syndactyly reconstruction
involve separation of joined fingers early in life,
creation of both cosmetically acceptable and func-
tionally independent digits as well as a normal
web well-adjusted to other interdigital webs. Many
techniques for web space reconstruction have been
described over the years [4]. Alternative techniques.

Introduced are a dorsal triangular flap [5,6],
dorsally based rectangular flap, and a combination
of interdigitating dorsal and palmar triangular flaps
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[7]. All these local flaps, however, require a skin
graft to cover the resultant defect along the lateral
wall of the web, especially around the bases of the
fingers. However, use of skin grafts in addition of
being time consuming, can cause problems such
as donor site morbidity, graft loss, scarring, web
creep, contractures, pigmentation issues, and, rarely,
keloid formation [8,9].

Many authors have used the dorsal arterial
network of the hand to provide skin flaps allowing
skin graft-free reconstruction [10-12], including
dorsal hexagonal advancement flap, pentagonal
local flap and tri-lobed advancement flap. They
allow primary closure of the skin defects without
skin graft [13-15].

The goal of these methods is to improve web
reconstruction in atight syndactyly and facilitate
direct closure by moving skin from the dorsal hand
to the newly formed web and skin defects of the
sidewalls. In this paper, we present our experience
of the dorsal metacarpal double winged advance-
ment flap in the reconstruction of the web space
in congenital simple syndactyly of the hand.

PATIENTSAND METHODS

Between March 2016 and May 2017, 10 paedi-
atric patients with 14 congenital simple sydactylies
were reconstructed with the dorsal metacarpal
double winged advancement flap Fig. (1) [16],
including 8 complete and 6 incomplete congenital
simple syndactylies of fingers. The syndactyly was
unilateral in 6 patients and symmetrically bilateral
in 4 patients. The ages ranged from 9 month to 4
years, with an average of 25.2 month.

Exclusion crieteria:
- Complex syndactylies.
- Apert syndrome, Poland syndrome.
- Traumatic and/or post-burn syndactylies.

Surgical technique:

Under general anaesthesia, the flap and skin
incisions were outlined on the dorsal and palmar
sides Figs. (2A,B). The marking begins by drawing
alongitudinal line over the middle of each of the
syndactylised digits. The joint levels are marked
by horizontal lines both on the dorsal and on the
palmar aspect of the digits. The proximal phalangeal
region is divided into thirds. At the junction of the
upper and middle third, a horizontal lineis drawn.
The hexagonal flap's distal angle is located in the
middle of this line, which represents the distal
vertex of the normal web space, while the proximal

apex of the hexagonal flap started just proximal
to the level of metacarpo-phalangeal joint. The
dorsal flap was marked with width for proposed
web space and an approximate 3:1 length-to-width
ratio. From the middle portion of the flap, two
equilateral triangular wings were extended to be
inserted into the defects on the proximal side walls
of the involved digits after their separation.

The finger incisions were designed in dorsal
and volar zigzag pattern to fashion the triangular
flaps for resurfacing of the fingers. The dorsal
zigzag line begins distal to the apex of the vertex
angle of the hexagonal flap creating triangular
flaps with the mirror image, whereas the volar
Zigzag incisions start proximally over the proximal
finger crease to create inter-digitating flaps. The
lateral point of the triangular flaps reached the
midline of the fingers to achieve enough coverage.

Incisions were then made along the pre-marked
lines with no 15 surgical blade and use of magni-
fying loupes. Tourniquet ischaemia is achieved
after only elevating the hand to keep the vessels
full. This allowed easier identification of digital
vasculature during surgical dissection. The dorsal
flap was elevated over the para-tenon distally while
the proximal subcutaneous tissues were dissected
free to mobilize the flap distally. The deep soft
tissues between the metacarpal heads were main-
tained as a vascular pedicle of the flap harbouring
the perforators from the dorsal metacarpal arteries
(Fig. 2C).

Caution was advised during the entire dissection
procedure to minimize trauma to the perforators
and to ensure viability of the winged flap.

Digital separation proceeds from distal to prox-
imal and from dorsal to volar through the zigzag
incisions. The proximal dissection was done with
delicate protection to the neurovascular bundles
and was restricted in bifurcation of the common
digital artery which was carefully preserved. After
all the flaps had been elevated, the tourniquet was
deflated and the perfusion of the involved fingers
and the flaps was confirmed. In general, de-
fattening of the raised triangular flaps was per-
formed to facilitate primary closure. The dorsal
winged flap was advanced distally and volarly
through the inter-digital space. The distal apex of
the flap was sutured to an anchor-shaped incision
at the palmar side and the two wings were inserted
into the defects on the proximal sidewalls of the
involved digits (Figs. 2D,E). The donor site of the
dorsal flap was closed in aV-Y style (Fig. 2F).
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To avoid an inflammatory response from ab-
sorbable sutures during their degradation, we used
non-absorbable 6-0 polypropylene sutures. At the
end of the operation, the involved fingers were
positioned in abduction with sterile gauze dressings.
All patients were discharged on the following day
after assessment of the vascularity of the flap and
involved digits, followed by a change of dressing
every week. The sutures were removed after two
weeks and the dressings were permanently removed
at 3 weeks. A splint was applied only for two weeks
before the active range of motion of the fingers
was commenced. Patients were followed-up clin-
ically, and photographs were taken, including dorsal
and volar views before and after the operation as
well as at 2 month regular intervals for 1 year.

Operation time and intraoperative complications
including compromised digital perfusion or neu-
rovascular injury were recorded. Post-operative
complications: Full or partial flap loss, infection
or delayed healing were followed-up. Long-term
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evaluations included web creep, flexion contrac-
tures, degree of scarring, secondary angulation
deformity, decreased range of motion, and need
for reoperation.

© (D)

Fig. (1): Markings on both dorsal and palmar sidesfor incisions
(A,B). Donor site was closed in aV-Y style (C,D).

Fig. (2): Flap and skin incision were outlined on the dorsal and palmar sides (A,B). The dorsal double winged flap dissected
and mobilized distally maintaining the deep soft tissues between the metacarpal heads intact (C). The distal head of
the double winged flap was sutured to the tip of palmar incision, and the two wings were inserted into the defects on
the proximal sidewalls of the involved digits (D,E). The donor site on the dorsum of the hand was closed in a cross

and V-Y style. (F).
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The evaluation on the results was done in ac-
cordance with the following protocol [17]:

Good result: Adequateinterdigital space, similar
to normal fingers with skin of normal appearance;
possibility of superimposing one finger on another;
flap placed during surgery is intact, absence of

interdigital skin; need for skin grafting; and abnor-
mal healing.

Poor result: Absence or abnormality of inter-
digital space; impossibility of superimposing the
released fingers; total loss of the flap; abnormal
healing or need for skin grafting; and total loss of

abnormal healing; and completely normal function- finger functioning
ing of the fingers. '

, . . . RESULTS
Fair result: Inadequate interdigital space, with

abnormal appearance; difficulty in superimposing
one finger on another; partial loss of the flap or

Demographic criteria of the patients and clinical
outcomes are shown in (Table 1).

Table (1): Demographic of the patients and clinical outcomes.

(No) (momng So¢ Location  IMEUSTmype GRS PO Comp. Comp. o resits
1 26m M  Both hands 4th Complete 85 20 No No Good
2 28m M Left hand 4th Complete 85 16 No No Good
3 9m F  Left hand ard Incomplete 70 24 No No Good
4 48m M Right hand 2nd Incomplete 75 20 No No Good
5 16m F Both hands 3rd Incomplete 65 12 No No Good
6 32m F  Left hand ard Incomplete 70 22 No No Good
7 28m M  Both hands ard Complete 85 24 No No Good
8 22m M Right hand 2nd Complete 90 28 No No Good
9 36m F  Left hand 4th Incomplete 70 22 No No Good
10 40m M  Both hands 3rd Complete 85 26 No No Good

The male-to female ratio was six male patients
(60%) to four female patients (40%). One patient
was less than 1-year old (10%), seven were between
1 and 3 years of age (70%) and there were two
patients over 3 years old (20%). Six patients were
unilaterally affected (60%) while the remaining
four patients (40%) had symetrically bilateral
syndactyly. From the 14 simple syndactiles, the
third web was involved in 8 webs (57.14%) with
4 (28.57%) affecting the fourth web and 2 (14.28%)
affecting the second web.

All the 14 simple, (6 incomplete, and 8 com-
plete) syndactilesin 10 patients were reconstructed
with the present technique. The age group at the
time of surgery ranged from 9 months to 48 months
(median of 28.5 months). Intraoperative complica-
tions (poor perfusion of flaps and or neurovascul ar
bundle injury) were not found during the operation.
In all cases, the dorsal double winged advancement
flaps were adequately perfused and sufficiently
mobile to be transferred for reconstruction of the
commissure. Post-operatively, there were no early

complications such as hematoma, infection, or flap
necrosis and complete wound healing was experi-
enced in all cases within 2 weeks. The mean oper-
ative time was approximately 78 minutes (65-90
min.) After a minimum follow-up period of 12
months (range, 12-28 months; mean, 21.4 months),
the reconstructed webs remained satisfactory. The
appearance of the reconstructed web was similar
to that of the adjacent normal webs in terms of
skin quality, color as well as the dimension of the
web and its dorso-palmar inclination. No patients
developed flexion contractures, and all fingers
were able to fulfil the main functions of flexion
and abduction movement without revision surgery.
On follow-up, all patients had a normal to hypop-
igmented scar in the donor site of the flap with
supple pliability. The scar of the donor site was
flat in all patients except one case who showed a
mild hypertrophic scar which became flattened
after 6m with the use of silicone gel.

Figs. (3-6) show some results of this technique.



Egypt, J. Plast. Reconstr. Surg., July 2019 293

)

(B

Fig. (3): Case 1: A 40 months-old male with complete syndactyly in the third web space of hisleft hand with the pre-operative
markings of incisions of on both dorsal and palmar sides (A,B). Intra-operative dissection of the double winged flap
(C). Immediately post-operative after separation of the involved digits and in-setting of the flaps (D). After six months

with satisfactory clinical outcome,and normal function (E,F).
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Fig. (4): Case 2: A 28 months old male with right complete simple syndactyly in the third web space of his right hand with the
pre-operative markings of incisions of on both dorsal and palmar sides (A,B) intraoperative dissection and in-setting
of the double winged flap (C,D). After 18 months post-operative follow-up period with a satisfactory clinical outcome,
with cosmetically normal web space and normal function (E,F).
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Fig. (5): Case 3: A 36 months old female with left simple incomplete congenital syndactyly in the fourth web space of her left
hand with the pre-operative markings of incisions of on both dorsal and palmar sides (A,B). Intraoperative dissection
of the double winged flap (C). The interdigital and webl spaces were successfully reconstructed without skin after 8m
follow-up (D,E,F).



296 \ol. 43, No. 2/ The Dorsal Metacarpal Double Winged Advancement Flap

(A) (B)

© (D)

(F

Fig. (6): Case 4: A 9 months-old girl with left incomplete simple congenital syndactyly in the third web space with the pre-
operative markings of incisions of on both dorsal and palmar sides (A,B). Intraoperative dissection and in-setting of
the double winged flap (C,D). After 18 months post-operative follow-up period with a satisfactory clinical outcome,
with cosmetically normal web space and normal function (E,F).
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DISCUSSION

In congenital syndactyly, the goal of correction
is to establish aweb that is deep, less contracted,
and normal in appearance. Many techniques for
syndactyly release have been described over the
years. Most authors have regarded the dorsal skin
as a good donor for the creation of a normal web
space because of its dorsal origin [18]. Marios et
al., [19] advised a dorsal rectangular flap for web
coverage, combined with two volar triangular,
laterally based flaps. D'Arcangelo et al., [20] de-
scribed a technique involving the creation of a
dorsal omega-shaped flap and a palmar anchor
forming 2 lateral-palmar flaps. Glicenstein et al.,
[21] draw a T-shaped incision on the palmar side
with abroad dorsal flap to reconstruct web space.
Although all these dorsal flaps can create a wide
enough inter-digital commissure with an optimal
curve, skin grafting is still required to resurface
the remaining skin defect at the base of the fingers
along the lateral wall of the commissure where
skin is usually deficient in the standard technique
of syndactyly release. The use of skin graftsis
associated with numerous problems, including web
creep, graft loss, skin of different color, hyperpig-
mentation, hair growth, hypertrophic scarring and
secondary graft contraction [22]. In addition, the
use of skin graftsincreases the operative time, and
thus maximizing anesthetic exposure in this age
group. Recently, numerous studies have reported
that multiple general anestheticsimpair neurologic
development in infants and young children and
have a dose-dependent neurodegenerative effect
[23].

Excessive skin on the dorsum of the hand can
be easily advanced distally as a perforator pedicled
flap and form a new web space with matching
texture, thickness and color, this flap can be well
perfused by the underlying fascia pedicle and dorsal
metacarpal artery [24]. Ekerot [25] reported a tech-
nique using a dorsal flap from the syndactylized
proximal phalanges to substitute commissural skin
grafts. After that, a variety of dorsal flaps have
been described to repair syndactyly without skin
grafts [26,27].

Anisland V-Y advancement flap based on the
direct cutaneous branch of the dorsal metacarpal
artery, facilitating a graft-free web reconstruction
in syndactyly, has been reported [24]. Subsequently,
use of the dorsal metacarpal artery flap as an
elliptical transposition flap for web reconstruction
has been developed [28]. Such use may not achieve
a comfortable commissure as the web configuration
is not elliptical and results in a slightly longer
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dorsal hand scar extending to the web apex dorsally.
Meanwhile, this flap also is used as a pentagonal
island flap for web reconstruction, which is con-
figured by arectangle distally and a triangle prox-
imally. This techniqgue may provide an easy way
to close the dorsal incision, as well as graftless
resurface of the web space. However, it may not
achieve a satisfactory web due to the discrepancy
in web configuration and may have disadvantages
similar to those of alocal rectangular flap. Besides,
conspicuous scars or even hypertrophic scars on
the dorsal hand also are common in this series[14].
Recently, a dorsal omega flap [20] was introduced
for web reconstruction with good outcomes. How-
ever, skin grafts around the web space may not
be completely avoided, which may increase the
risk of scar contracture in the long term.

The web space after syndactyly separation is
left hexagonal on both the dorsal and palmar sides
with triangular defects on the bases of both side-
walls of the involved digits [16]. In the current
study, to optimize the outcomes of syndactyly
correction, alocal dorsal double winged metacarpal
artery advancement flap designed in a hexagonal
shape was used to reconstruct 14 web spaces in
ten paediatric patients. Adding two wings on each
side of the hexagonal flap was designed to cover
these triangular defects properly and to provide
anearly normal configuration for interdigital web
space, which iswider distally, tapers off proximally
and slopes at a 35-45° angle from the proximal-
dorsal to the distal-palmar plane [29].

The dorsal skin of the hand near the web space
where this double-wing flap is located is the best
material to reconstruct the web space. It has agood
elastic structure similar to the normal web space
and can offer a more aesthetic and anatomic cor-
rection of the web [16]. In addition, the flap is a
pedicle flap, perfused by the underlying fascia
pedicle between the metacarpal heads and dorsal
metacarpal artery giving it arich blood supply,
which makesit less prone to necrosis. Furthermore,
there is minimal scarring after primary closure of
the donor site on the dorsum of the hand.

All the defects on the proximal sidewall of
digits in our study received sufficient coverage
from the flap wings. No skin graft was needed in
any case. No one in our patients reported one of
the early post-operative complications. This may
be partially attributable to the capture of graft
failure as an additional complication in grafting
procedures; whereas this complication is necessarily
excluded from this study as a flap-only reconstruc-
tion was used in all cases, and thus, flap necrosis
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and infection remain the only reported early com-
plications.

During the follow-up period which was (range,
12-28 months; mean, 21.4 months), associated
complications including secondary contracture and
hyperpigmentation were not observed in any of
the cases. As the longest follow-up time was only
28 months, we could not evaluate the incidence of
web creep in the long run. Revision surgery, was
not required in any case. Overall, all patients
achieved good function, and cosmetic results fol-
lowing asingle surgery. The parents were especially
satisfied with the result that their kids stopped
hiding the inflicted hand, which may be seen as
an indication of patient satisfaction.

Conclusion:

In conclusion, based on the results of our study,
the key to successful syndactyly surgery is appro-
priate surgical design, caution in handling tissues
gently and promoting healing without infection.

The dorsal double winged metacarpal artery
advancement flap isasimple, rapid and safe tech-
nique for web reconstruction in congenital simple
syndactyly without skin grafts associated compli-
cations.
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