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KEYWORDS Summary We present our results of one-stage resurfacing following syndactyly release with
Artificial dermal the Pelnac™ artificial dermal substitute. From 2016 to 2020, raw areas after digit release were
substitute; restored with an artificial dermal substitute in 145 webs from 62 patients (average age, 33.1
Congenital months) including 65 simple incomplete web spaces, 29 simple complete web spaces, 20
syndactyly; complex complete web spaces, and 31 complex complicated web spaces. Fourteen patients

Without skin graft;
Syndactyly release;
One-stage

were syndromic. The average follow-up period was 33.4 months (range, 7-55 months).
Postoperative outcomes assessed as according to the Vancouver scar scale (0—14) averaged 1.8
(range, 0-11) and web creep score (0-5) averaged 0.7 (range, 0-4). Patient- and family-pro-
vided visual analog scale scores averaged 1.1 (range, 0-10) for appearance. In conclusion, the
Pelnac™ artificial dermal substitute is a minimally invasive, simple, and effective option for
one-stage resurfacing of defects in syndactyly release.

© 2023 British Association of Plastic, Reconstructive and Aesthetic Surgeons. Published by
Elsevier Ltd.

Various surgical techniques have been reported for syn-
dactyly reconstruction to achieve the desired objectives of
an adequate anatomical web space, tension-free primary
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closure of soft tissues and a final pleasing cosmetic ap-
pearance with minimal risk of long-term complications, in-
cluding web creep. More recently, there has been a move
toward the use of graft less techniques.’* Not all cases of
syndactyly are amenable to complete release without skin
grafting; for example, distal finger defects following com-
plex complicated syndactyly release or in cases with sig-
nificant skin shortages. Consequently, skin grafts are still
needed in these patients with potential donor and recipient
site morbidities.”
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For decades, artificial dermal substitutes have been used
to promote healing in full-thickness skin wounds by facil-
itating dermal regeneration with resultant higher quality of
skin.”” Acting as scaffolds for the ingrowth of fibroblasts
and endothelial cells thereby contributing to neodermis
formation,®? artificial dermal substitutes may be effective
in preventing scar formation and contracture. Various arti-
ficial dermal substitutes including Integra®, Biobrane®, and
Matriderm® are used in clinical practice for the treatment
of burn wounds, chronic wounds, and coverage of scalp
defect after excision of malignant tumors.'®"!

In congenital syndactyly, recent studies have reported
promising results with a combination of Matriderm® and skin
grafting for coverage of skin defects.'”'® Similarly, a 2-
stage approach using Integra® has shown effective wound
healing compared with the traditional pedicled groin flaps
following syndactyly release in patients with Apert syn-
drome.’® Both Landi et al."® and Wall et al.'® reported the
relatively successful use of a one-stage hyaluronic acid
scaffold without skin grafting. In the People’s Republic of
China before 2018, Pelnac™ (Pelnac, Gunze, Tokyo, Japan)
was the only artificial dermal substitute product approved
by the Food and Drug Administration of the United States,
and, therefore, it has been used to treat various skin de-
fects followed by split-thickness skin grafts, such as wounds
with bone or tendon exposure in upper and lower
limbs.”"”""° This study aimed to report our experience with
the use of Pelnac™ in patients with syndactyly.

Methods

Population and sample

We retrospectively analyzed all patients who had undergone
syndactyly release with the use of the Pelnac™ artificial
dermal substitute from 2016 to 2020 at our hospital. Ethical
approval waiver was granted by the Hospital Ethics
Committee of Tongji Medical College of Huazhong University
of Science and Technology because the technique had pre-
viously been approved by Wuhan Union Hospital for use as a
new technique. Patient consent was obtained for all pro-
cedures. Written informed consent was obtained from all
participants before the study.

Surgical procedure

All surgical procedures were performed under general an-
esthesia and tourniquet control. A proximally based dorsal
rectangular flap was used to reconstruct the web in all cases,
spanning two-thirds the length of the proximal phalanx with
dorsal and volar zig-zag incisions in the digits (Figure 1). In
patients with complex complete syndactyly, the nails were
dissected longitudinally, and lateral subcutaneous soft tissues
of separated digits were exposed. The pulp of the syndactyl
digits was separated using a longitudinal incision to match the
size of the ipsilateral nail and web spaces were reconstructed
using the dorsal proximal rectangular flap. We routinely used
two 0.88-mm Kirschner (K) wires, drilled into the separated
fingertips and transfixed the metacarpophalangeal joints to
keep the fingers in an extended and abducted in position for
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Figure 1 Dorsal (red line) and palmar (blue dashed line)
markings for the release of syndactyly using a dorsal rectan-
gular flap technique.

immobilization. All flaps were sutured with 6-0 Monocryl su-
ture (ETHICON, Johnson & Johnson, New Brunswick, NJ, USA)
without tension. After hemostasis, any skin defects were
completely covered by the Pelnac™ artificial dermal substitute
and secured with 5-0 Prolene interrupted sutures (Johnson &
Johnson). The digits were then dressed with loose gauze and
secured with elastic bandages. Dressings were changed every
5 days to ensure adherence of the Pelnac™ without compli-
cations and K wires were removed at 4 weeks. The silicone
film over the Pelnac™ artificial dermis was not removed until
there was complete wound healing and rehabilitation com-
menced shortly after removal of the K wires, with a night
splint applied for a further 3 months.

Assessment

The Vancouver scar scale (VSS) was used to estimate scar
quality on the basis of 4 parameters: pigmentation (range,
0-3), vascularity (range, 0-3), height (range, 0-3), and
pliability (range, 0-5). A visual analog scale (VAS) with a 10-
cm line was used to evaluate the cosmetic outcomes of
reconstructive surgery. On the VAS, zero indicates a normal
appearance of the commissure and digit, while 10 indicates
an unacceptable cosmetic result. The VAS assessment was
performed by surgeons, patients (> 14-year-old), or their
parents (< if the child was less than 14 years old).?’ Three
senior hand surgeons (W.K., Z.P., and L.X.) who were not
involved in the care of these patients independently eval-
uated the appearance of the reconstructed fingers and the
average scores from these surgeons were recorded.

Web creep was assessed using a 5-point scale based on its
extent from the base of the web to the proximal inter-
phalangeal (PIP) joint crease where 0 represented a normal
and soft web, 1 represented a thickened web without web
creep, 2 represented web creep one-third of the distance
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Figure 2 a, b. Preoperative photographs of a 6-month-old boy with simple complete syndactyly. c-f. Dorsal and palmer views of the
raw areas after digit release and artificial dermal substitute covering. g, h. Photographs taken 28 months postoperatively.

from the web base to the PIP joint crease, 3 represented
web creep to two-thirds of the distance from the web base
to the proximal PIP joint crease, and 4 represented web
creep to the crease.”’

Results

From July 2016 to June 2020, 62 patients (48 males, 14
females) with congenital syndactyly (75 hands) were
treated with this surgical approach by 3 surgeons of level 3
seniority. There were a total of 145 syndactyly web spaces
with the following distribution: simple incomplete syndac-
tyly (n = 65), simple complete syndactyly (n =29), complex
complete syndactyly (n=20), and complex complicated
syndactyly (n=31). The associated syndromes in 14 chil-
dren included Apert syndrome (n=1), Poland syndrome
(n=#6), and constriction ring sequence (n=7).

The average age of patients was 33.1 months (range, 6
months to 27 years) at the time of surgery, and average
follow-up period was 33.4 months (range, 6-55 months). All
wounds covered by the Pelnac™ artificial dermal substitute
healed within 37 days on average (range, 21-48 days)
without early complications such as wound dehiscence, flap
or skin necrosis, vascular compromise, venous complica-
tions (Figures 2 and 3). Hypertrophic scarring was not ob-
served in any of the patients. Superficial infection
developed in 2 web spaces of a 9-month-old patient with
complex syndactyly at 4 weeks after surgery; the silicon film
was removed and the wound was washed, together with
administration of oral antibiotics. The infection was con-
trolled within 7 days and all skin defects healed 12 days
later by secondary intention without skin grafting.

Results of clinical assessment

The average VSS score was 1.8 (range, 0-4); subscale score
averages were 0.2 for scar height (range, 0-2), 0 for
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vascularity, 0.7 for pigmentation (range, 0-2), and 0.9 for
pliability (range, 0-2 points). The surgeon-provided VAS
(VAS-Surgeon) score averaged 1.4 (range, 0-5) while the
patient- and family-provided VAS score (VAS-F) averaged 1.1
(range, 0-5). Web creep averaged 0.7 (range, 0-2). Of the
145 web spaces analyzed, 3 web spaces in 3 patients had
web creep evaluated as grade 2, which slightly interfered
with hand function. Revision surgery was performed in 2 of
these patients with double opposing Z-plasty technique with
good results.

Further analysis of the 3 different groups of patients:
simple syndactyly (38 patients), complex complete syn-
dactyly (10 patients), and complex complicated syndactyly
(14 patients) revealed comparable web creep and VSS
scores. Unsurprisingly, the VAS scores for appearance in

Figure 3 a, b. Preoperative photographs of a 4-year-old boy
with complex complete syndactyly. c-f. Photographs taken 6
months postoperatively.
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Figure 4 Comparison of web creep, VSS scores, and VAS scores for three groups of patients: simple syndactyly, complex complete
syndactyly, complex complicated syndactyly. VSS: Vancouver scar scale. VAS: Visual-analog score. VAS-F: Visual-analog score (patient

and family-provided).

complicated syndactyly were higher than those simple
syndactyly and complex complete syndactyly in both sur-
geon and patient assessment, indicating a less satisfactory
result (Figure 4).

Discussion

In this study, we reported our experience with a one-stage
technique using the Pelnac™ artificial dermal substitute to
resurface raw areas after separation of congenital syndac-
tyly. Different types of congenital syndactyly were included
in this study and on average, skin cover was achieved at 37
days. At the end of the follow-up period, good cosmetic
outcomes were observed with VAS scores averaging 1.1 for
appearance from patients and families. All patients or par-
ents were satisfied with the outcomes and importantly, skin
graft donor sites were successfully avoided in these patients.

To achieve primary closure of raw areas without skin
grafting, a number of graftless techniques had been de-
scribed. ' Despite this, primary closure can be challenging in
certain cases, such as complex complicated syndactyly or
distal digital defects, as the techniques are mainly aimed at
resurfacing proximal web defects. Several surgical methods,
such as secondary intention or application of biomaterial
have been performed to avoid skin grafting. Withey et al.?°
reported an open-finger technique, in which 7-8 zig-zag flaps
with narrow bases were precisely designed between the
midaxial line of each digit and the raw area between flaps
allowed to heal by secondary intention. However, other
surgeons warned that this may lead to excessive scar con-
tractures and hypertrophic scarring.? It has been reported
that wound healing for full-thickness skin wounds > 1cm in
diameter after secondary intention results in extensive
scarring and severe deformities with limitations in mobility.**

The use of artificial dermal substitutes to facilitate
wound healing in congenital syndactyly release is not
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new.'? " In these studies, artificial dermal substitutes were
considered important for preventing contracture and im-
proving skin quality with skin grafting, however, these sur-
geries required multiple stages with skin grafting. In our
previous studies, we found restoration of wounds with bone
and tendon exposure with a one-stage artificial dermal
substitute approach'®' can achieve wound healing within
certain time periods depending on the defect size, and the
final healed skin area exhibited similar morphological
characteristics to the neighboring intact skin. Our previous
animal studies also demonstrated that wound healing via
artificial dermal substitutes can be achieved by epidermal
regrowth together with adnexa in rodent models.?* In ad-
dition, previous clinical observations demonstrated re-
generation of hair follicles and sweat glands, and also good
sensory recovery in new skin derived from artificial dermal
substitute-treated wounds after full-thickness skin defects.

The use of a one-stage technique with artificial dermis
has many advantages, of which the most important is to
avoid the need for a skin graft donor site by the use of an
“off the shelf” material. The use of the rectangular flap
technique (Figure 1) also allowed minimal scars to be placed
on the dorsum of the digits or hand. This is an important
consideration as most graftless technique involve the need
to recruit further skin from the dorsal hand or the entire
dorsal surface of the fingers to reconstruct the commissure
with resultant prominent scar formation in these areas.”
Another limitation of graftless techniques is that any extra
skin recruited if often effective only for resurfacing prox-
imal web defects, but lack of skin can often be encountered
in more distal regions of separated fingers, with exposed
bone or tendon. The flexibility of using an artificial matrix
therefore allows more custom-made resurfacing of any
parts of the digits.

Our results of scar assessment averaged 1.8 using the VSS
score, indicating that scar quality after Pelnac™ treatment
was comparable to other techniques.?>'?° The results of the
VAS assessment for appearance showed a high rate of
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satisfaction for patients/parents and also surgeons. There is
a slightly higher (worse) score for surgeons (1.4) as com-
pared to parents/patients (1.1); in our opinion, this may
partly be explained by the fact that parents have a deeper
appreciation for the improvement in appearance as they
constantly compared the current appearances of the hand
to its preoperative appearance. In addition, although
meaningful statistical analysis was not possible due to the
small numbers and heterogeneity of the cases, we found a
higher score in complicated syndactyly as compared to
simple and complex complete syndactylies, which may be
related to the overall morphology of the digits.

Limitations

Our study had some limitations. Since only a relatively small
number of cases were involved in the present study and no
control group was used, it was difficult to conclude that this
new approach is superior to other techniques. Further stu-
dies should be performed to compare the use of artificial
dermis with conventional skin graft methods, especially for
complicated cases. In conclusion, the Pelnac™ artificial
dermal substitute presents an effective option for one-stage
resurfacing of defects in syndactyly release.
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