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Vacuum-assisted closure
improves the incorporation
of artificial dermis in soft
tissue defects: Terudermis®
and Pelnac®
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ABSTRACT
As a dermal scaffold, artificial dermal substitutes allow the body to accomplish its own tissue regeneration through
infiltration of cells and neovascularisation. However, they show not only rather lower take rates compared to
autologous skin grafts alone, but they also require more time for sufficient vascular ingrowth to overlay the
skin graft. To accelerate this overlaying, we applied vacuum-assisted closure negative-pressure settings over the
artificial dermis: Terudermis® and Pelnac® grafts. Fourteen patients with complex tissue defects were treated,
including bone exposure in two cases, tendon exposure in seven cases and soft tissue defects in five cases. Nine
cases had combined wound infections. The time interval between the first artificial dermis graft and the second
split-thickness skin graft over it was 7·64 days on average. Dermal substitutes took place completely in all cases
and there were no graft failures.
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INTRODUCTION
Various artificial skin substitutes have been
developed to restore functional and aes-
thetic integrity in patients with burns, trauma
and cancer. They have proved to be a
useful aid in many reconstructive surgical
procedures. Among them, AlloDerm® (Life
Cell Inc., The Woodlands, TX), Integra®
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(Integra Life Sciences Corp., Plainsborg, NJ), Key Points

• various artificial skin substi-
tutes have been developed to
restore functional and aesthetic
integrity in patients with burns,
trauma and cancer

• these substitutes serve as scaf-
folding for the in growth of
fibroblasts and endothelial cells
and provide good dermal regen-
eration templates

• many surgeons have proposed
the use of negative-pressure
wound therapy to improve split-
thickness skin graft take and
donor-site healing

SureDerm® (Hans Biomed Corp., Seoul,
Korea), Terudermis® (Terumo Corp., Tokyo,
Japan) and Pelnac® (Gunze Corp., Osaka,
Japan) have been widely used in resurfacing
complex tissue defects (1–11). These substitutes
serve as scaffolding for the ingrowth of fibrob-
lasts and endothelial cells and provide good
dermal regeneration templates. Although only
AlloDerm® can be applied in a one-stage oper-
ation with split-thickness skin grafting over
the wound bed simultaneously, most artificial
dermises require a second-stage skin graft and
still have a lower take rate because of mechan-
ical weakness, infection and haematoma
formation (4).

Many surgeons have proposed the use of
negative-pressure wound therapy to improve
split-thickness skin graft take (12–24) and
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donor-site healing (25). Huckfeldt et al. (26)Key Points

• VAC is known to help remove
deleterious substances from
the wound, relieve oedema
and stimulate cell prolifera-
tion, thereby promoting gran-
ulation and inhibiting chronic
inflammation

• furthermore, VAC also seems
to assist in neovascularisation
of skin grafts and tissue-
engineered skin substitutes

• however, investigators have not
yet shown the effects of sub-
atmospheric pressure as an
adjunct to optimise incorpo-
ration of Terudermis® and
Pelnac®, which are commonly
used products in Korea and
Japan

• we report the effect of subat-
mospheric pressure on various
complex wound defects that
would otherwise have required
more extensive surgery

applied a continuous microcurrent to improve
the skin graft take and Molnar et al. (27) and
Kim and Hong (9) reported that the vacuum-
assisted closure (VAC) system accelerated the
incorporation of Integra® and AlloDerm®
over the wound bed. VAC is known to
help remove deleterious substances from the
wound, relieve oedema and stimulate cell pro-
liferation, thereby promoting granulation and
inhibiting chronic inflammation. Furthermore,
VAC also seems to assist in neovasculari-
sation of skin grafts and tissue-engineered
skin substitutes. However, investigators have
not yet shown the effects of subatmospheric
pressure as an adjunct to optimise incorpo-
ration of Terudermis® and Pelnac®, which
are commonly used products in Korea and
Japan (1–3,10,11). We report the effect of sub-
atmospheric pressure on various complex
wound defects that would otherwise have
required more extensive surgery.

PATIENTS AND METHODS
After obtaining Institutional Review Board
approval, we retrospectively reviewed patient
records. Between January 2007 and July
2009, 14 complex tissue defects were recon-
structed using artificial dermis (Terudermis®
and Pelnac®) under subatmospheric negative-
pressure therapy (Table 1). Terudermis® con-
sists of the bottom layer, which is made of a low

antigenic atelocollagen that is produced from a
calf hide collagen eliminated the telopeptide
by a preparation of protease, and the sili-
cone top layer that prevents infection from
outside and controls permeability of water
such as exudation. Pelnac® is composed of
an inner sponge layer of collagen from a pig
and an outer layer of silicone. Split-thickness
skin grafts were applied over the surviving
artificial dermis as a second-stage operation.
The VAC (KCI Inc., San Antonio, TX) was then
replaced and again maintained at continuous
subatmospheric pressure (125 mmHg).

In all cases, the wounds were repeatedly
debrided until the graft bed was deemed
clinically appropriate. Complete excision was
performed on necrotic and inflammatory tis-
sues and meticulous haemostasis was achieved
to prevent seroma and haematoma formation.
Terudermis® or Pelnac® were then grafted
onto the region according to wound size and a
polyurethane foam was applied over a layer of
silicone upon the replaced artificial dermis. The
region was sealed with a transparent dressing
to avoid air leaks. After this, a tube that was
previously attached to the transparent dressing
was connected to the VAC and constant nega-
tive pressure (125 mmHg) was applied to the
region. No splint apparatus was placed in the
graft region, even if there was a joint nearby,
because the VAC itself worked as a splint
apparatus. The dressing was replaced every
4 days and the graft was observed through

Table 1 Patients’ summary

No. Age Sex Cause of defect Size (cm2)
Wound

site
Exposed in

wound Infection
Time until

STSG (days)
Dermal

substitute

1 54 M Burn 20 Hand Tendon × 8 TD
2 84 F Trauma 9 Foot Tendon PA 8 TD
3 15 M Burn 36 Ankle Tendon × 8 TD
4 43 F Necrotising fasciitis 768 Leg Tendon PA 7 PN
5 9 F Trauma 84 Thigh Soft tissue × 8 TD
6 36 M Trauma 30 Trunk Soft tissue MRSA 7 PN
7 19 M PBSC 72 Foot, ankle Tendon × 8 PN
8 5 F PBSC 99 Foot, ankle Tendon PA 8 PN
9 73 M Trauma 25 Leg Bone PA 7 PN

10 63 F Wound infection 45 Groin Bone MRSA 7 PN
11 68 F Trauma 68 Trunk Soft tissue × 8 PN
12 52 M Trauma 30 Foot Tendon MRSA 9 PN
13 73 M Trauma 60 Foot Soft tissue MRSA 7 PN
14 64 F Trauma 42 Leg Soft tissue MRSA 7 PN

F, female; M, male; MRSA, methicillin-resistant Staphylococcus aureus; PA, Pseudomonas aeruginosa; PBSC, postburn scar contracture; PN,
Pelnac®; STSG, split thickness skin graft; TD, Terudermis®.
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tissue analysis after obtaining a 3-mm punch
biopsy. The growth of blood vessels from the
recipient bed onto the artificial dermis was
considered to represent a successful take of the
artificial dermis. After the Terudermis® and
Pelnac® were deemed clinically incorporated
through histological confirmation, the silicone
layer was removed and the take rate was esti-
mated with visual inspection. Split-thickness
skin grafts were applied over the Terudermis®
and Pelnac® and the VAC was replaced
and again maintained at continuous subatmo-
spheric pressure. The VAC was removed after
7 days and skin graft survival was assessed.

RESULTS
There were seven male and seven female
patients, with a mean age of 47·0 years (range,
5–84 years) (Table 1). Complex tissue defects
were caused by trauma in eight patients,
burn in two patients, wound infections in
two patients and release of burn scar contrac-
tures in two patients. Defects occurred in the
lower extremities in ten patients, trunk in three
patients and hand in one patient. There were
five patients with soft tissue defects, seven with
tendon exposure and two with bone exposure.
Nine patients exhibited bacterial infections
on wound culture: five methicillin-resistant
Staphylococcus aureus and four Pseudomonas
aeruginosa. The average tissue defect size was
99·1 cm2 (range: 9–768 cm2).

There were no haematomas or seromas and
no signs of infection. No artificial dermises
or split-thickness skin grafts was lost. Two
kinds of artificial dermis – Terudermis® and
Pelnac® – survived completely within 9 days
and had their survival confirmed patholog-
ically. The average interval between initial
artificial dermis grafting and the follow-up
split-thickness skin grafting was 7·64 days
(range: 7–9 days). Patients achieved good cos-
metic results and stable coverage of their
defects.

CASE REPORTS
Patient 2
An 84-year-old woman with diabetes mel-
litus and hypertension sustained a crush
injury when a heavy object fell on the dor-
sum of her left foot (Figure 1). She under-
went serial debridements and treatment with

a VAC until she had a clean wound with
early granulation. After removal of the non

Key Points

• there were seven male and
seven female patients whose
ages ranged from 5 to 84 years

• complex tissue defects were
caused by trauma in eight
patients, burn in two patients,
wound infections in two
patients and release of burn scar
contractures in two patients

• case report (patient 2) an 84
year old woman with diabetes
melitus and hypertension sus-
tained a crush injury when a
heavy object fell on the dorsum
of her left foot

• she underwent serial debride-
ments and treatment with a
VAC until she had a clean
wound with early granulation

• wound culture performed at the
patient’s first visit to our clinic
showed P. aeruginosa infection

• a 3 × 3 cm sheet of Teru-
dermis® was grafted directly
onto the lesion with application
of VAC

• tissue analysis of the artificial
dermis from the wound bed
at the fifth postoperative day
showed revascularisation of the
graft

• VAC was applied continuously
for seven more days to achieve
acceptable results

• the grafts showed what
appeared to be 100% take
2 months after surgery

• patient 4 – a 43 year old
woman developed necrotising
fasciitis in her right lower leg

• the wound culture showed
P. aeruginosa infection

• the patient underwent serial
debridements and VAC treat-
ment was applied until she had
a clean wound with healthy
granulation tissue

• Pelnac®, an artificial dermis,
was grafted directly onto the
peroneus tendons and sur-
rounding tissues (graft size,
20 × 5 cm)

• VAC was applied again simulta-
neously over the Pelnac® graft

• on the sixth postoperative
day, punch biopsy confirmed
revascularisation of the wound
surface and visual inspection
showed graft survival

• VAC was continued for 7 more
days and the autologous skin
graft took completely within the
following 7 days

viable tissue at the wound site, the resulting
wound measured approximately 3 × 3 cm in
size and the second extensor digitorum longus
was exposed. Wound culture performed at
the patient’s first visit to our clinic showed
P. aeruginosa infection.

A 3 × 3 cm sheet of Terudermis® was
grafted directly onto the lesion with applica-
tion of VAC. Tissue analysis of the artificial
dermis from the wound bed at the fifth post-
operative day showed revascularisation of the
graft. Blood vessels were observed growing
vertically to the surface of the wound. Three
days later, a split-thickness skin graft of 0·011-
inch thickness was applied. VAC was applied
continuously for seven more days to achieve
acceptable results. The grafts showed a com-
plete take 2 months after surgery.

Patient 4
A 43-year-old woman developed necrotising
fasciitis in her right lower leg (Figure 2). After
the fasciotomy, the patient was transferred
to our department for coverage of her soft
tissue defects. The wound culture showed
P. aeruginosa infection. The patient under-
went serial debridements. VAC treatment was
applied until she had a clean wound with
healthy granulation tissue. Multiple tendons,
including the peroneus of the right lower leg,
were exposed with a wound defect 64 × 12 cm
in size.

Pelnac®, an artificial dermis, was grafted
directly onto the peroneus tendons and sur-
rounding tissues (graft size, 20 × 5 cm). VAC
was applied again simultaneously over the
Pelnac® graft. On the sixth postoperative
day, punch biopsy confirmed revascularisation
of the wound surface and visual inspection
showed graft survival. A split-thickness skin
graft, 0·011 inches thick, was performed the
next day over the Pelnac® and the whole
wound defect. VAC was continued for 7 more
days and the autologous skin graft took com-
pletely within the following 7 days. The patient
was satisfied with the final results.

DISCUSSION
With the development of multiple allografts,
the need for flap surgery, a more aggressive
and complicated procedure, has been reduced.
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Figure 1. Patient 2 (Table 1). (A) An 84-year-old female patient incurred trauma to the dorsum of her left foot. (B) The VAC was
applied until healthy granulation tissue was seen. (C) Terudermis® was grafted onto the wound bed. (D) Histological examination
of the dermal substitute Terudermis® on the fifth day after surgery showed successful neovascularisation (haematoxylin- and
eosin-stained section, ×100). (E) Two months after surgery, the wound showed good resurfacing with split-thickness skin grafting.

These allografts allow bone, tendon and other
Key Points

• many reports have indicated the
value of dermal regeneration
templates for trauma, burns,
cancer, scar release and recon-
struction of donor-site defects
where appropriate vascular sys-
tems are not available

• however, patients usually need
a second-stage operation with
skin grafting later, and there is
still a high possibility of graft
loss because of complications
and inappropriate care

• we believe that once the
bioartificial dermal replacement
can be integrated as neodermis,
the epidermis take rate might
increase as well

vital, although poorly vascularised, structures
to be successfully covered with vascularised
tissues without the use of a flap. Many reports
have indicated the value of dermal regen-
eration templates for trauma, burns, cancer,
scar release and reconstruction of donor-site
defects where appropriate vascular systems are
not available (1–11). However, patients usually
need a second-stage operation with skin graft-
ing later, and there is still a high possibility
of graft loss because of complications and
inappropriate care. Heimbach et al. (4) reported
that Integra® grafts had a survival rate of
76·8% in burn patients, and Machens et al. (5)
reported that the take rate was much higher

ventrally than dorsally in burn patients. Sheri-
dan et al. (6) noted the poorest results in areas
such as the axilla, groin, buttock and poste-
rior thigh, where autografts also show their
poorest outcomes. The main reasons behind
the loss of artificial dermis even before epider-
mal grafting included infection, haematoma
formation, seroma formation and improper
mobilisation; these factors also cause loss in
skin grafts. We believe that once the bioar-
tificial dermal replacement can be integrated
as neodermis, the epidermis take rate might
increase as well. Dermal matrices are gen-
erally known to become vascularised in 2–4
weeks and they eventually remodel into a
dermal equivalent (4,5). Manufacturers recom-
mend waiting at least 2 weeks before a skin

© 2011 The Authors
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Figure 2. Patient 4 (Table 1). (A, B) A 43-year-old female patient had necrotising fasciitis on her right leg resulting in complex tissue
defects involving multiple tendons. The defect was 64 × 12 cm in size. Pseudomonas aeruginosa infection was identified through
microbiological culture. (C) After serial debridements, a VAC was applied until healthy granulation tissue was visible. Then Pelnac®
was grafted on the healthy granulation tissues. This shows the sixth day after Pelnac® grafting. (D) A punch biopsy performed at the
same time showed neovascularisation of the Pelnac® graft. Blood vessels had grown up to the wound surface (haematoxylin- and
eosin-stained section, ×100). (E) Split-thickness skin grafting was performed on the seventh day after the Pelnac® graft was placed.
The VAC was applied again to accelerate the graft take. (F) The split-thickness graft took completely without any complications in
2 months.

graft is laid over the dermal matrix. Cells from
the epidermal autograft grow and form a con-
fluent stratum corneum, thereby closing the
wound and reconstituting a functional dermis
and epidermis.

With respect to trials aimed at improv-
ing the take rate of artificial dermis, Kim
and Hong (9) and Molnar et al. (27) applied
subatmospheric pressure for the acceleration
of AlloDerm® and Integra® incorporation
into complex tissue defects. They showed
that the VAC system could help increase
the graft take in difficult wounds by min-
imising haematoma and seroma formation,

optimising contact with the wound bed and
eliminating shear forces (12–24,30–32). The

Key Points

• manufacturers recommend
waiting at least 2 weeks before
a skin graft is laid over the
dermal matrix

• cells from the epidermal auto-
graft grow and form a confluent
stratum corneum, thereby clos-
ing the wound and reconsti-
tuting a functional dermis and
epidermis

VAC system also reduces the need for addi-
tional splinting in flexion crease areas because
the sponge becomes firm when subatmo-
spheric pressure is applied, making movement
impossible (27). In cases of wound infection,
micromechanical forces to the wound site
not only evacuate interstitial fluid and cellu-
lar debris, but also reduce oedema, helping
to control wound infection. Negative pres-
sure may also have antibacterial properties
through unknown mechanisms (33,34). There-
fore, the mean time for clinically assessed
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vascularisation of the artificial dermis is
shortened with increased incorporation. How-

Key Points

• in our series, Terudermis®
and Pelnac® were engrafted
successfully over an average
of 7·64 days without any
complications

• histological examination con-
firmed engraftment in our study
with complete neovascularisa-
tion through engraftment of
artificial dermis at 5–8 days

• this period was shorter than
the 2–3 weeks recommended
by the manufacturing company

• histological examination con-
firmed engraftment in our study
with complete neovascularisa-
tion through engraftment of
artificial dermis at 5–8 days

• therefore, the use of VAC
with Terudermis® and Pelnac®
decreases the waiting period,
minimises the risk of infection
and simplifies wound care,
eliminating these concerns

• these findings support the
idea that a certain amount
of negative pressure therapy
contributes to the beneficial
effects of artificial dermis and
skin engraftment over complex
wound beds

• in conclusion, successful split-
thickness skin engraftment
over artificial Terudermis® and
Pelnac® dermis grafts may
be accelerated with subatmo-
spheric pressure therapy in com-
plex tissue defects

• our report indicates that VAC
may help reduce the period of
hospitalisation and the associ-
ated medical costs, as well

ever, among the various biological artificial
dermis products, Terudermis® and Pelnac®,
which are commonly used in South Korea and
Japan (1–3,10,11), have not yet been shown sci-
entifically to have such an effect. In this series,
we were able to secure an increased rate of
incorporation for Terudermis® and Pelnac®
over the wound bed and shorten the time inter-
val between artificial dermal grafting and epi-
dermal grafting by applying the VAC system.

The VAC device was developed for con-
trolled continuous or intermittent subatmo-
spheric pressure of 125 mmHg, because
negative-pressure wound therapy decreases
perfusion beneath negative-pressure wound
therapy dressings (32). Although more than
700 articles have been published on the
expansion of indications for vacuum ther-
apy (29–32,35–40), we only found a few reports
indicating that it could accelerate the incor-
poration of artificial dermis, AlloDerm® or
Integra®, with onlay skin grafts (9,27).

The major concerns regarding the use of
artificial skin are the waiting period, the pre-
vention of infection and the need for meticu-
lous wound care (7). Ko et al. (10) successfully
placed a split-thickness skin graft over the
exposed tibia after 14–18 days of Terudermis®
engraftment. Lee et al. (11) reported that an
average period of 15·1 days was required for
engraftment to cover the radial forearm free
flap donor sites. In our series, Terudermis®
and Pelnac® were engrafted successfully over
an average of 7·64 days without any complica-
tions. This period was shorter than the 2–3
weeks recommended by the manufacturing
company. Histological examination confirmed
engraftment in our study with complete neo-
vascularisation through engraftment of arti-
ficial dermis at 5–8 days. Therefore, the use
of VAC with Terudermis® and Pelnac®
decreases the waiting period, minimises the
risk of infection and simplifies wound care,
eliminating these concerns. These findings sup-
port the idea that a certain amount of negative-
pressure therapy contributes to the beneficial
effects of artificial dermis and skin engraftment
over complex wound beds.

In conclusion, successful split-thickness skin
engraftment over artificial Terudermis® and
Pelnac® dermis grafts may be accelerated with
subatmospheric pressure therapy in complex

tissue defects. This corresponds to previous
reports describing AlloDerm® and Integra®
engraftment in conjunction with VAC treat-
ment. Our report indicates that VAC may help
reduce the period of hospitalisation and the
associated medical costs, as well.
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