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RESEARCH ARTICLE
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ABSTRACT

Purpose: This study aims to assess the efficacy and safety of Pelnac dermal regeneration template assisted by
vacuum sealing drainage (VSD) and a split-thickness skin graft to cover the large skin and soft-tissue
defects at foot and ankle. Methods: This study began from March 2013, up to February 2017. A total of 16
patients met the inclusion and exclusion criteria and were included. For every patient, 2 separate operations
were performed, the first being thorough debridement of necrotic tissues immediate coverage of VSD at
continuous negative pressure suction, and the second being the autologous split-thickness skin graft. At
each follow-up, relevant data were documented. Results: The average follow-up was 16.5months (range, 12
to 42months). No infections, hematoma, or seroma were observed. 13 out of 16 patients had a complete
skin graft “take” (100%). Patients’ satisfaction of esthetic appearance was 76.5 ± 5.2/100. The VSS value was
2.2 ± 2.1, representing a good result. Regarding the sensory recovery, the response “normal or near normal”
could be obtained in 14/16 patients. Mean AROM for extension/flexion of the ankle was 48.5 ± 4.8� (range
35–62�), and 93.7% (15/16) of patient could obtain a satisfying functional result. Conclusions: Our report indi-
cated Pelnac provided an effective method for management of complex wounds with underlying bone or
tendons exposed.

Keywords: Pelnac; artificial dermis; vacuum sealing drainage (VSD); large skin and soft-tissue defect;
prospective study

INTRODUCTION

In various surgical fields [1–4], reconstruction of
complex wound with large soft-tissue defects and
underlying structure exposure remains a difficult-to-
solve problem. In the department of orthopedics,
high-energy injury is the most common etiology for
large skin and soft tissue defects. Due to the lack of
subcutaneous and muscular tissues attached around
the foot and ankle, there is a greater possibility of
bone and tendon exposure. Early management of
these severe soft-tissue injuries could be of upmost
significance on prevention of tissue necrosis and sec-
ondary infection, sparing time and tissues for fol-
lowing serial operations.

Currently, skin grafts or flaps of various types
(local, regional or distant; pedicle or free flaps)

remain as the predominant treatment methods for
repair of the large soft tissue defects [5, 6].
However, there is no a single optimal method that
is indicted to all the cases. The main drawbacks of
them are bulkiness, the risk of complications and
failure, donor site morbidity, long hospitalization,
unfavorable cosmetic, and functional results [6, 7].

In 1980, artificial dermis Integra was invented
and its use was advocated by Burke and Yannas [8].
Since then, various types of artificial dermis prod-
ucts as Alloderm [9], Dermagraft, Terudermis [4],
Matriderm [3], and Pelnac [10] have been put into
market and become a popular alternative in recon-
struction surgery fields. The Pelnac (Gunze Co.,
Ltd., Kyoto, Japan) is also a bilayer structured der-
mal substitute similar to Integra and others, but dif-
ferent in the origin of collagen and some biological
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characteristics. It consists of the underlying atelocol-
lagen matrix layer acting as a scaffold for dermal
regeneration, and an overlying semipermeable sili-
cone layer acting as a temporary epidermis [10, 11].
Since its availability on the market in 1996, Pelnac
had been used for treatment of complex full-thick-
ness skin defects in various causes, including a case
of giant nevus followed up for 22 years, and exhib-
ited the superior performance [1, 11–13]. The only
concern is the need of second-stage operation that
an ultrathin split-thickness skin graft is used for
final closure after the dermal regeneration template
has taken [11].

By far, the application of Pelnac for repair of the
complex wound with bone/tendon exposure has not
been studied so extensively. Given this, we con-
ducted this prospective study to assess the efficacy
and safety of Pelnac dermal regeneration template
assisted by vacuum sealing drainage (VSD) dressing,
after approximately 3weeks, with a split-thickness
skin graft to cover the complex soft-tissue defects at
foot and ankle.

MATERIALS AND METHODS

Study Design

This is a prospective study, beginning from March
2013, up to February 2017. The inclusion criteria
were traumatic soft tissue defects with exposed
underlying tissues (bone, and/or tendon) at foot
and ankle. In these injuries, the loss of surrounding
tissue precluded definitive treatment by simple
wound care, primary closure and skin graft, or
some more elaborate reconstructive techniques were
unacceptable by patients. The exclusion criteria
included advanced age (�70 years), diabetes, heavy
smoking, and long-term use of glucocorticoid, which
might compromise wound healing.

Patients and Materials

During the study period, a total of twenty one
patients were treated with PelnacVR dermal regenera-
tion template (manufactured by Gunze Co. Ltd.,
Kyoto, Japan; supplied by Guangzhou Jiyuan bio-
technology co. LTD; certification number: 3641815).
During the follow-up period, 5 patients were lost
due to contact information change or personal
affairs, leaving 16 patients for final data analysis.
There were 13 men and 3 women, with a mean age
of 33.5 years (range, 10 to 64 years). The mechanism
of injury was traffic accident in 7 cases, bruise injury
by heavy object in 5 cases, crush injury in 3 cases,
and falling from height in 1 case. The site of skin

and soft-tissue loss was medial foot in 6 cases, dor-
sal foot in 5, medial foot and medial malleolus in 5
cases. The underlying tissue exposure involved bone
in 4 cases, tendon in 7 cases, tendon and bone in 4
cases, and bone loss at the medial foot in 1 case. The
mean size of skin loss was 68 cm2, and the range
was 12 to 380 cm2. This study was approved by the
Institutional Review Board of the No.252 Hospital of
People’s Liberation Army of China and written
informed consent was obtained from each patient
before the reconstruction surgery began.

Operative Technique

For every patient, 2 separate operations were per-
formed. The first procedure involved thorough
debridement of necrotic tissues, meticulous hemosta-
sis, and then immediate coverage of VSD at continu-
ous negative pressure suction. For bone exposure in
adult case, a rongeur forcep was used to remove the
necrotic tissues and a kirschner wire was used to
slightly drill into the exposed bone surface to induce
punctate bleeding; in children case, the surgical
knife blade was used for the slight bleeding. For
cases with tendons exposed, the contaminated tis-
sues around were cleared, with aponeuroses pro-
tected carefully. After adequate hemostasis was
controlled, the artificial dermis Pelnac was trimmed
to the appropriate size and shape to achieve a ten-
sion-free closure and interrupted 3-0 or 4-0 absorb-
able stitch was used to suture the artificial dermis to
the surrounding skin. The overlying silicone layer
was stabbed with No.11 scalpel blade to facilitate
drainage of effusion. Immediate coverage with VSD
was applied, for 2–3weeks. Afterwards, VSD was
removed and the wound surface was inspected.
Based on the freshness of the wound bed, a second
debridement and VSD coverage or artificial dermis
coverage was performed.

The second procedure involved the split-thick-
ness skin graft. At about 3weeks (median, 22 days;
range, 15–37 days) after the initial procedure, the
color of tissue beneath the silicone layer changed as
pink from white, indicating the adequate vasculari-
zation and formation of dermis-like tissues. Then,
silicone layer was removed and a moderate debride-
ment of the granulation tissue was performed, if
necessary. Autologous split-thickness skin graft
(0.2–0.4mm) harvested from the anteromedial thigh
was applied over the Pelnac dermis. Based on our
experience, for small size tissue defects (<6 cm2) tie-
over fixation was performed was removed after
10–12 days; for large size wound (�6 cm2), VSD was
applied for 2–3weeks. The skin graft survival was
evaluated. Routine intravenous antibiotics were
administered for 3 days after surgery to prevent
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infection. Patients were encouraged to start slight
movement of ankle joint at 3–5 days after
skin grafting.

Follow-Up

Postoperatively, every patient was routinely fol-
lowed up at 2weeks, 1, 3, 6, and 12months on an
outpatient basis, according to our strict protocol. At
each follow-up, epithelialization, scar quality of the
grafted skins and potential complications (infection,
hematoma, seroma, or skin graft failure) were eval-
uated and documented. At the final follow-up
(12months or more), patients’ satisfaction with the
esthetic appearance (hundred-mark system), func-
tional recovery (motion and sensibility), the scar
quality and need of reoperation were evaluated
and documented.

Scar quality was evaluated by Vancouver Scar
Scale (VSS), which included 4 variables (pigmenta-
tion, vascularity, pliability, and height), each with
higher score indicating more severe scarring (Table
1) [14]. Active range of motion (AROM) of the ankle
in term of extension/flexion was measured by a
goniometer, with the same area of uninjured side as
a control. The difference value of ROM between
injured and uninjured side over 20� was classified
as unacceptable, 6–20� as acceptable and <6� as
excellent, based on our clinical experience. Patients’
subjective feeling was used to evaluate the sensory
recovery and the potential response could be
“normal or near normal”, “slight loss”, “significant
loss”, and “complete loss”.

RESULTS

The average follow-up was 16.5months, ranging from
12 to 42months. The time to reepithelialization of the
wound was 31.5±3.6days (range, 26–45days). The
“take” of Pelnac was 100% in all the 16 patients. There
were no infections, hematoma, or seroma during the
phase when Pelnac was applied. In 13 out of 16 patients,
there was complete skin graft “take” (100%), while in
the remaining 3 patients there was partial skin graft loss
(5%–12%) but not requiring additional surgery.

At the final follow-up, patients’ satisfaction for
the esthetic appearance of the grafted area was in
average 76.5 ± 5.2/100. The VSS value was 2.2 ± 2.1
(range, 0–6), representing a good result. Regarding
the sensory recovery, the response “normal or near
normal” could be obtained in 14/16 patients, while
“slight loss” in the remaining 2 patients and no
response of “significant loss” or “complete loss”.
Mean AROM for extension/flexion of the ankle on
the grafted area was 48.5 ± 4.8� (range 35–62�), and
in 93.7% (15/16) of the patients an acceptability and
excellence rate was found. The only one case of flex-
ion deformity of ankle was in a 10-year child who
had a soft-tissue defect of 8.5 cm �6 cm with ten-
dons exposed at dorsal foot due to severe traffic
injuries. At the 3rd year after reconstruction the
grafted areas developed serious scar contracture,
leading to a fixation deformity of ankle. Not before
long, he received soft tissue release and got the final
favorable functional result (Figure 1).

Figures 2 and 3 presented the 2 typical cases
that two young men had a large skin and soft-tissue
loss by 22.5 cm �12 cm and 26.3 cm �14.5 cm with
bone/tendon exposure, due to traffic accidents.
Considering patients’ demanding of functional

TABLE 1. Vancouver scar scale.

Vancouver scar scale

Parameter Descriptor Points

Pigmentation Normal 0
Hypopigmentation 1
Mixed 2
Hyperpigmentation 3

Vascularity Normal 0
Pink 1
Red 2
Purple 3

Pliability Normal 0
Supple (flexible with minimal resistance) 1
Yielding (gives way to pressure) 2
Firm (inflexible not easily moved; resistant to manual pressure) 3
Banding (rope-like tissue that blanches with extension of scar) 4
Contracture (permanent shortening of scar producing deformity or distortion) 5

Height Normal (flat) 0 0
0mm and <2mm 1
�2mm and <5mm 2
�5mm 3
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recovery of ankle joint and our experience in treat-
ing these injuries, we decided to use Pelnac artificial
dermis coverage and autologous skin graft to man-
age this injury. At the follow-up, both patients had
an acceptable functional recovery at the
grafted area.

DISCUSSION

The goal of reconstructive surgery via autologous or
exogenous tissues for wound coverage is to optimize
functional and esthetic outcomes. Traditionally, local
flap technique, cross leg flap technique and distant

FIGURE 1. At the final follow-up, about 5 years after his first surgery for repair of complex wound, got the final favorable
functional result of the ankle joint.

FIGURE 2. A 33-year man sustained an accidental crush injury to the left foot and ankle, with severe skin and soft tissue loss by
22.5 cm �12 cm and exposed tendons (A). Wound lavage and debridement were performed (B); immediately, Pelnac artificial
dermis was covered and VSD was applied (C, D). Autologous split-thickness skin graft was performed at 21days after the initial
procedure (E, F). At 32 days after the initial operation, the skin graft had a 100% survival (G). At the follow-up, patients obtain an
acceptable esthetic appearance (82%) and a satisfying functional recovery of 51.5� for ankle fixation/extension (H–J).

FIGURE 3. A 27-year man sustained an accidental crush injury to the right lower extremity, with skin and soft tissue loss by
26.3 cm �14.5 cm and bone and tendons exposed at the dorsum of foot (A). Wound lavage and debridement were performed (B);
Pelnac artificial dermis was covered and VSD was applied (C, D). Autologous split-thickness skin graft was performed at 24days
after the initial procedure (E). At 34days after the initial procedure, the skin graft had a 100% survival (F). At the last follow-up,
the patient had a satisfying functional recovery of 47.5� for ankle fixation/extension, and a 65% satisfaction rate of esthetic
appearance (G–J).
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flap technique have been always the primary recon-
struction methods for soft-tissues defects with
underlying tissue exposure in lower extremities.
Local flaps such as sural nerve pedicled island flap,
posterior tibial artery perforator flap and peroneal
artery perforator flap et al had the potential for
recovery of sensibility with good padding, but were
associated with an increased risk of donor site mor-
bidities [15]. Free flap such as anterolateral thigh
skin flap or musculocutaneous flap generally pro-
vided a more favorable clinical outcome, however,
with a higher demanding of technique or surgical
skill [16]. As for cross-leg flap technique, both lower
extremities must be fixed in a forced position for a
long time, which likely was associated with a com-
promised joint function [17]. Furthermore, the use of
the above techniques is frequently hindered by the
magnitude of tissue defect and/or limited donor
site, especially in those multiple injuries patients.
Artificial dermis, a substitute that allows dermis-like
tissue growth into matrix layer and vascularization
over exposed bone/tendons, provides a powerful
alternative for the reconstructive surgery. In this
study, we used staged Pelnac artificial dermis cover-
age and autologous split-thickness skin to treat com-
plex wound with underlying bone/tendon exposure
at foot and ankle, and finally got the satisfying clini-
cal results.

The primary advantages of artificial dermis
included its simplicity, immediate and plentiful
availability [2, 18]. The underlying atelocollagen
matrix layer serves as a scaffold for ingrowth of
fibroblasts, macrophage and endothelial cells to
form a true dermis. The overlying silicone layer
served as a temporary barrier to prevent bacterial
invasion and moisture evaporation, thereby reduc-
ing the infection. After the dermal graft has taken
successfully, only a very thin split skin graft har-
vested from the donor site is needed for final clo-
sure, which hardly affected donor site. The
immediate and plentiful availability of artificial der-
mis products provides the reconstruction option for
orthopedic surgeon in management of complex
wound where native tissues are unavailable or unac-
ceptable to the patient.

For adult patients with complex wound, a favor-
able functional result is generally obtained via artifi-
cial dermis. However, for prepubertal children, any
reconstruction option may be less capable because
none of them can evade the scar tissue. Scar tissues
of the grafted area will cause contractures during
the puberty, which result in positioning and mobi-
lity problems. As described in this study, the boy
underwent reconstruction surgery via Pelnac artifi-
cial dermis at 10 years old and developed scar tissue
contractures at the 3rd year after initial procedure,
which caused wearing shoes, foot skin abrasion, and

mobility problems during the puberty. The same
problem could be also encountered in reconstruc-
tions of other wounds. Gronovich et al. [2] pre-
sented a case of post-burn breast reconstruction of a
12-year-old girl using Integra, who finally obtained
a satisfying outcome at her 19 years old. Therefore,
routine years’ follow-up through adolescence was
necessary in those preadolescent children receiving
reconstruction of tissue defects for juxta-articular or
breast lesions.

The assistive application of VSD was an addi-
tional improvement, which significantly reduced the
complications of wound sites [19] via accelerated
drainage of hematoma or seroma, and improved the
“take” of split-thickness skin graft [20]. In this study
no infections, hematoma, or seroma were observed
and all patients had an acceptable take of skin graft
(100% in 13/16, and 88–95% in 3), which can be
largely due to the application of VSD. Several stud-
ies reported the use of negative pressure therapy
could dramatically reduce the “waiting time” for
artificial dermis incorporation and vascularization
[20, 21]. In this study, we did not observe this signif-
icant effect; the average time between Plenac place-
ment and well-vascularization of neodermis was
22 days (15–37 days). This period was comparable to
that of most previous studies [22–24], but greatly
longer than one study [20] which used combined
Terudermis or Pelnac and Vacuum-assisted closure
(VAC) to treat complex wound with bone or ten-
don exposed.

Some drawbacks associated with artificial der-
mis should be taken into consideration, before a
decision is made. The high cost of artificial dermis is
the primary drawback. In most developing coun-
tries, artificial dermis products have not been
included in public health insurance category, and is
only be partly reimbursed by commercial insurance.
The long hospitalization stay and need of secondary
procedure is another drawback. Tissue engineering
at molecular level for reduction of “waiting” time of
well-vascularization of neodermis could be a better
attempt [13]. Moreover, the risk of infection could
not be completely avoided, even if negative pressure
suction device was applied. Accordingly, postopera-
tive strict clinical surveillance of the wound sites is
necessary to track down and drain hematomata or
excretions under the silicone layer.

Although there were numerous studies that
assessed the safety and effectiveness of Pelnac or
other dermal regeneration templates on the treatment
of complex wound, this study was not simply a repet-
itive or validation study. The prospective design, a
minimum of 12-month follow up and focus on a spe-
cific site (foot or ankle) are the major advantages of
this study. Numerous technical details including stab-
bing the overlying silicone layer and use of VSD were
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combined to promote the Pelnac “take” and reduce
the complications. In addition, we reported a revision
case in a prepubertal boy, who received surgery of
soft tissue release and got the final favorable func-
tional result. Therefore, for these prepubertal cases,
much consideration should be taken for the optimal
treatment choice; and if dermal regeneration template
was decided, close follow-up should be performed
until by the end of adolescence. The absence of a con-
trol group for direct and objective comparison with
Pelnac artificial dermis is the limitation of this study.
In the future, more comparative prospective trials are
needed to evaluate the long-term benefits of artifi-
cial dermis.

In conclusion, we used the Pelnac artificial der-
mis assisted by VSD, after approximately 3weeks,
with split-thickness skin graft coverage to success-
fully treat 16 cases of large skin and soft-tissue
defects with underlying tissues (bone, tendon)
exposed at foot and ankle. Most patients obtained
an acceptable esthetic appearance and functional
recovery except for one prepubertal boy, who devel-
oped serious scar contracture during the puberty.
Our report indicated Pelnac artificial dermis as an
effective technique for management of complex
wound with underlying bone or tendons exposed.

ACKNOWLEDGMENTS

We are grateful to L Wang and D Zhang of the
Department of Orthopedics for their kind assistance.
No organization sponsored the research.

DECLARATION OF INTEREST

All the authors declare that they have no conflict of
interest with any organization that sponsored
the research.

REFERENCES

[1] Chen X, Chen H, Zhang G, et al. Management of
wounds with exposed bone structures using an artificial
dermis and skin grafting technique. Clin Plast Surg. 2012;
39(1):69–75.

[2] Gronovich Y, et al. Post-burn breast reconstruction using
an artificial dermis—a long-term follow-up. Burns
Trauma. 2016;4:1–4.

[3] Haslik W, Kamolz L-P, Manna F, et al. Management of
full-thickness skin defects in the hand and wrist region:
first long-term experiences with the dermal matrix
Matriderm. J Plast Reconstr Aesthetic Surg. 2010;63(2):
360–364.

[4] Lee J-W, Jang Y-C, Oh S-J, et al. Use of the artificial der-
mis for free radial forearm flap donor site. Ann Plast
Surg. 2005;55(5):500–502.

[5] Cho EH, Shammas RL, Carney MJ, et al. Muscle versus
fasciocutaneous free flaps in lower extremity traumatic
reconstruction: a multicenter outcomes analysis. Plast
Reconstr Surg. 2018;141(1):191–199.

[6] Nelson JA, Fischer JP, Brazio PS, et al. A review of pro-
peller flaps for distal lower extremity soft tissue recon-
struction: is flap loss too high? Microsurgery. 2013;33(7):
578–586.

[7] Bekara F, Herlin C, Somda S, et al. Free versus perfora-
tor-pedicled propeller flaps in lower extremity recon-
struction: what is the safest coverage? A meta-analysis.
Microsurgery. 2018;38(1):109–119.

[8] Yannas I. Design of an artificial skin. 1. Basic design prin-
ciples. J Biomed Mater Res. 1980;14:65–81.

[9] Rowe NM, Morris L, Delacure MD, et al. Acellular der-
mal composite allografts for reconstruction of the radial
forearm donor site. Ann Plast Surg. 2006;57(3):305–311.

[10] Suzuki S, Matsuda K, Isshiki N, et al. Clinical evaluation
of a new bilayer “artificial skin” composed of collagen
sponge and silicone layer. Br J Plast Surg. 1990;43(1):47–54.

[11] Suzuki S, Kawai K, Ashoori F, et al. Long-term follow-
up study of artificial dermis composed of outer silicone
layer and inner collagen sponge. Br J Plast Surg. 2000;
53(8):659–666.

[12] Suzuki S, Morimoto N, Yamawaki S, et al. A case of
giant naevus followed up for 22 years after treatment
with artificial dermis. J Plast Reconstr Aesthetic Surg.
2013;66(8):e229–e233.

[13] Gan M, et al. Combined treatment using artificial dermis
and basic fibroblast growth factor (bFGF) for intractable
fingertip ulcers caused by atypical burn injuries. Burns.
2005;31:514–517.

[14] Baryza MJ, Baryza GA. The Vancouver Scar Scale: an
administration tool and its interrater reliability. J Burn
Care Rehabil. 1995;16(5):535.

[15] Sun X, et al. Repair of soft tissue defect in the heels of
children with the perforator flaps of the posterior tibial
artery with nerve anastomosis. Chin J Pediatr Surg. 2012;
33:122–125.

[16] Feng Y, et al. Microsurgical repair of skin defects at the
foot. Chin J Microsurg. 2013;36:87–89.

[17] Lv F, et al. The calf retrograde island flap for repair of
foot soft tissue defect. J Prac Orthop. 2008;14:757–759.

[18] Yeong E-K, Huang H-F, Chen Y-BT, et al. The use of
artificial dermis for reconstruction of full thickness scalp
burn involving the calvaria. Burns. 2006;32(3):375.

[19] Morykwas MJ, Simpson J, Punger K, et al. Vacuum-assisted
closure: state of basic research and physiologic foundation.
Plast Reconstr Surg. 2006;117(Supplement):121S.

[20] Eo SR, Kim YS, Cho SH, et al. Vacuum-assisted closure
improves the incorporation of artificial dermis in soft tis-
sue defects: Terudermis(VR ) and Pelnac(VR ). Int Wound J.
2011;8(3):261.

[21] Molnar JA, DeFranzo AJ, Hadaegh A, et al. Acceleration
of Integra incorporation in complex tissue defects with
subatmospheric pressure. Plast Reconstr Surg. 2004;
113(5):1339–1346.

[22] Taras JS, Sapienza A, Roach JB, et al. Acellular dermal
regeneration template for soft tissue reconstruction of
the digits. J Hand Surg. 2010;35(3):415–421.

[23] Helgeson MD, Potter BK, Evans KN, et al. Bioartificial
dermal substitute: a preliminary report on its use for the
management of complex combat-related soft tissue
wounds. J Orthop Trauma. 2007;21(6):394–399.

[24] Heitland A, Piatkowski A, Noah EM, et al. Update on
the use of collagen/glycosaminoglycate skin substitute-
six years of experiences with artificial skin in 15 German
burn centers. Burns. 2004;30(5):471–475.

6 Z. Lv et al.

Journal of Investigative Surgery


	Abstract
	INTRODUCTION
	MATERIALS AND METHODS
	Study Design
	Patients and Materials
	Operative Technique
	Follow-Up

	RESULTS
	DISCUSSION
	Acknowledgments
	DECLARATION OF INTEREST
	REFERENCES


