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Abstract Porcine acellular dermal collagen (PDC), which
is a biological material derived from processing porcine
dermis, has already been used for urologic, gynecologic,
plastic, and general surgery procedures up to now. The
aim of this study is to investigate the effectiveness of PDC
on wound healing as a dermal substitute in the rat model.
Twenty Wistar albino rats were divided into two groups.
Standard full-thickness skin defects were created on the
back of the rats. In the control group (Group 1), the dress-
ings moisturized with saline were changed daily. In the
study group (Group 2), porcine dermal collagen was
implanted onto each wound and fixed with 4–0 polypropyl-
ene sutures. Contraction percentages of wound areas were
calculated on the third, seventh, tenth, and fourteenth days
by using the planimetric program. On fourteenth day, the
wound areas were excised for histopathological examina-
tion, inflammatory scoring, and evaluation of collagen de-
position. The study group was superior to the control group
in terms of inflammatory scoring, type I/type III collagen
ratio, and wound contraction rates. Porcine dermal collagen
may be used effectively and safely on full-thickness wounds
as a current dermal substitute.
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Introduction

The process of wound healing is a progressive and dynamic
event with predictable stages that occur with varying inten-
sities [1]. Most skin wounds can heal naturally. The quality
of skin wound healing can be improved by the application of
scaffolds as skin replacement materials [2]. Many are based
on artificial materials such as polylactic or polyglycolic
acid. Alternatively, biologically derived materials such as
deepithelialized dermis, collagen-based, or fibrin-based
materials have been developed as wound repair biomaterials
[3].

Porcine acellular dermal collagen (PDC) implant is a
biologic material derived from processing porcine dermis.
Up to the present day, it has been used for various urologic,
gynecologic, plastic and reconstructive surgery, and general
surgery procedures, especially for different hernia repairs.

This study aimed to investigate the effectiveness of PDC
on dermal wound healing in the rat model.

Materials and Methods

Animals

Twenty healthy adult male Wistar albino rats weighing 200–
250 g were used. All the rats were obtained from our animal
research center. The rats were housed in stainless-steel cages
in an animal room maintained at 22 °C with 12-h dark–light
periods. All were fed with the same amount of a laboratory
pellet diet and water ad libitum and fasted for 12 h before
the procedures. The procedures in this experimental study
were performed in accordance with the National Guidelines
for the Use and Care of Laboratory Animals and approved
by the Animal Ethics Committee of Ankara Research and
Training Hospital.
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Surgical Technique

Two groups were randomly constituted with ten rats for
each. The rats were anesthetized with intraperitoneal injec-
tions of 25 mg/kg ketamine hydrochloride (Ketalar, Parke-
Davis, Eczacibasi, Istanbul, Turkey). The operation sites
were shaved and disinfected with povidone-iodine. A 2×1-
cm rectangular-shaped incision was performed on the back
of the rats centered on the midline, and then standard full-
thickness skin defect, including panniculus carnosus, was
created on this site. In the control group (group 1), no
intervention was made on dermal wounds. The wounds
were cleaned daily with saline and covered with moisturized
dressings. In the study group (group 2), PDC was implanted
on each wound. Each side of the scaffold overlapped the
edge of the defect, and it was fixed with 4–0 polypropylene
interrupted sutures. PDC implant was removed to limit the
contraction on the third postoperative day. The wound was
daily irrigated with saline and covered with moisturized
dressings. All wounds were followed for 14 days, and no
complication developed during this period. Open wounds
were drawn on acetate paper with a marker pen on the third,
seventh, tenth, and fourteenth days and photographed with a
digital camera. The surface area of wounds was measured
with planimetric program on the computer by scanning the
acetate sheets. Percentage of contraction was calculated by
the following formula:

Percentage of contraction% xth dayð Þ ¼ 100

� total wound area on xth day=total wound area on day 0ð Þ � 100½ �

Total wound area on xth day was contraction percentage
of wound area obtained by planimetric program on the third,
seventh, tenth, and fourteenth days. The original wound area
on day 0 was assumed to be 100 % for all wounds.

Histopathological Analysis

All rats were sacrificed with high-dose ketamine hydrochlo-
ride on postoperative 14th day. The wound area was excised
en bloc together with the scar tissue. All specimens were
fixed in 10 % phosphate-buffered formaldehyde solution for
24 h at room temperature. Histopathological assays were
performed in a blind manner by a pathologist. Specimens
were washed in tap water and dehydrated through graded
alcohol series. After passing through the routine histological
series, tissues were embedded in paraffin blocks. Five-
micrometer sections were cut, deparaffinized, and rehy-
drated. Sections were counterstained with hematoxylin and
eosin (H&E), Masson trichrome, and reticulin stain (method
of silvering). The intensities of polymorphonuclear leuko-
cytes and mononuclear leukocytes and the degrees of fibro-
blast proliferation and vascular proliferation were evaluated

by inflammatory scoring to determine the general character-
istics of scar tissue in the sections stained with H&E. The
qualitative assessment of total collagen deposition was per-
formed by using the Mason trichrome stain. The collagen
fibers were identified as blue color stained with Mason
trichome. In reticulin stain, the fibers observed in the form
of thin black fibers were determined as type III and yellow
fibers as type I collagen.

The number of polymorphonuclear leukocyte and
mononuclear leukocyte, and the degrees of vascular
proliferation and fibroblast proliferation were measured
by numerical scale from 0 to 3 for determination of
inflammatory scores.

The structural density of collagen was scored by numer-
ical scale from 1 to 5: (0) indicates the lack of collagen; (1)
indicates the presence of collagen in the form of single fiber;
(2) indicates the presence of collagen in the form of a few
fibers; (3) indicates more intense but loose collagen; (4)
indicates that collagens overlay a microscopic field but have
gaps between them; and (5) indicates that collagens overlay
a microscopic field and have very dense structure.

Table 1 Wound contraction rates of the groups (%)

Days Groups Mean (%)

Day 0 Control 0

Permacol® 0

Day 3 Control 15.1

Permacol® 10.9

Day7 Control 42.5

Permacol® 49.3

Day 10 Control 64.8

Permacol® 78.7

Day14 Control 83.6

Permacol® 92.0

Fig. 1 The comparison of wound contraction rates between the groups
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Statistical Analysis

Multiple comparisons between the groups were performed
with one-way analysis of variance and post hoc tests. Differ-
ences between the groups were analyzed with the Mann–
Whitney U test. Statistical analysis was performed with the
SPSS 15.0 for Windows (SPSS Inc., Chicago). Values of p<
0.05 were considered to be significant.

Results

In the study group, when Permacol® implant was removed
from the wound base on the third postoperative day, it was seen
that the wounds had been filling up with pink granulation
tissue. On 14th day, the wound closure had almost been com-
pleted. In the control group, the granulation tissue had been
slowly moved from the wound base to the wound surface.

The wound contraction progressed more slowly in control
group. Wound contraction rates were evaluated in the form of
mean and standard deviation. The wound contraction rates
were 0.92±0.01 in the study group and 0.836±0.02 in the
control group. As a result of statistical analysis, wound con-
traction rate was significantly higher in study group than the
control group during and at the end of the experiment (p<
0.05) (Table 1 and Fig. 1). Wound healing was better in study
group than in control group on third, seventh, and fourteenth
postoperative days (Figs. 2, 3, and 4).

The mean inflammatory scores of the groups were given
in Table 2. According to these scores, a significant differ-
ence was found between the control and study groups (p<

0.05). The scores were better in study group than in the
control group.

The mean collagen scores and type I/type III collagen
ratios of the groups were given in Table 3. When these
values were compared statistically, significant difference
was found between the groups (p<0.05). The collagen
scores and type I/type III collagen ratios were higher in
study group than in control group.

Discussion

The process of wound healing is a progressive and dynamic
event with predictable stages. Wound healing comprises four
primary stages that occur in a sequential cascade of overlap-
ping processes: hemostasis, inflammation, proliferation, and
remodeling [1]. Most of skin wounds can heal naturally, but
additional surgery necessitates immediate coverage using skin
substitutes to aid repair and regeneration when extensive or
irreversible damages to skin are caused [4].

There is a wide range of materials being used as dermal
substitutes. The materials should protect wounds from in-
fection and fluid loss. The material should be stable enough
to function as a provisional matrix and should not elicit
immunogenic reactions. Composition, pore size, and
degradability of the substitute should support cell migration
and function [2]. Commercially available natural biological
materials originate four types of tissue: acellular bovine
pericardium, human cadaveric dermis, porcine small intes-
tinal submucosa, cross-linked PDC, and non–cross-linked
porcine dermal materials [5].

Fig. 2 The appearance of the
wounds on third postoperative
day (control group (a),
Permacol® group (b))

Fig. 3 The appearance of the
control (a) and Permacol® (b)
groups on seventh
postoperative day
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PDC is a biomaterial derived from porcine dermis by
enzymatic and chemical removal of cellular components,
leaving a cross-linked collagen and its constituent elastin-
rich matrix [6]. This architecture very closely resembles the
human tissue. A precisely controlled degree of cross-linking
is introduced into the structure, making it resistant to the
collagenase enzymes responsible for the breakdown and
resorption of implanted collagen. Because the biomaterial
is acellular, it contains no substance capable of provoking an
immunogenic reaction, which is a very important feature in
a product designed for implantation into human tissue. PDC
implant is able to support host cell infiltration and revascu-
larization, and within a few months, it becomes an integral
part of the body. As such, it gradually becomes permanently
incorporated into the surrounding tissue, providing strength
and contour support [7]. However, in our study, PDC im-
plant was removed on the third postoperative day to limit
the contraction. Therefore, we could not evaluate the incor-
poration of the implant into the surrounding tissue.

Zheng et al. [8] showed that PDC induced a milder
inflammatory response, less adhesion formation, more or-
derly collagen deposition, and neovascularization than poly-
propylene mesh and reached a comparable tensile strength
in 90 days. PDC demonstrated essential properties of an
ideal hernia repair material: low inflammation, less elastin,
lower adhesion rates, and more contracture (thus, less lax-
ity). Furthermore, it demonstrated near-equivalent result in
the categories of vascularity, integration, and peak tensile
strength when compared with well-studied human acellular
product [9]. Di-isocyanate cross-linking of PDC prevents
biodegradation and mineralization in the presence of infec-
tion. Furthermore, systemic antibiotic can easily reach the
implant because of neovascularization and thereby helps
eradicate infective organisms in the implant. This property
allows its use in contaminated wounds [10]. It is non-

allergic, non-antigenic, and entirely biocompatible. For that
reason, it has been used successfully in many different ways,
including abdominal wall hernia repairs, incisional and par-
astomal hernias, as well as for pelvic floor surgery [11]. In
an experimental porcine model of fistula-in-ano, Himpson et
al. [12] concluded that, when the fistula tract was complete-
ly removed and durable infill material used, it was possible
to treat fistulas successfully even in presence of infection or
contamination. The same authors suggested that PDC pro-
vided tissue repair regeneration with stability and facilitated
successful wound healing because of the cross-linked nature
of the product.

The histological results of the majority of the studies in
which PDC implant was used exhibited minimal inflamma-
tory response, whereas two studies showed moderate to
strong inflammatory response [5]. The polymorphic neutro-
phils migrate to the site of local injury. These inflammatory
cells phagocytize bacteria and assist in the removal of devi-
talized tissue [1]. During this process, especially in prolifer-
ation phase, monocytes differentiate into macrophages,
which then release numerous growth factors responsible
for angiogenesis and granulation tissue formation. The mac-
rophages are responsible for amplifying, coordinating, and
sustaining the wound healing response [1]. In our study,
mean histological scores of both polymorphonuclear and
mononuclear leukocytes were higher in the study group than
in the control group.

Vascularization of dermal substitutes is critical for high
take rate of these substances [2]. The application of colla-
gen/elastin scaffolds showed increased vascularization
1 week after wounding in a porcine excisional wound model
[13]. Implant infiltration by endothelial cells and subsequent
vessels formation is a favorable mesh attribute [5]. In our
study, vascularization scores were higher in the study group
in the control group.

Fig. 4 The appearance of the
wounds on fourteenth
postoperative day (control
group (a), Permacol®
group (b))

Table 2 Mean histological
scores of the groups

aSignificantly different when
compared with control group

Groups PMNL MNL Vascular proliferation Fibroblast proliferation

Control 0.30±0.18 0.90±0.56 2.20±0.63 2.00±0.66

Permacol 0.80±0.42a 1.50±0.70a 2.90±0.31a 2.80±0.42a
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Fibroblasts are a heterogeneous population of cells found
in numerous tissues and are of mesenchymal origin. Dermal
fibroblasts have numerous functions, only in synthesizing
and depositing extracellular matrix components, but also
proliferation and migration in response to chemotactic, mi-
togenic, and modulatory cytokines [14]. The fibroblast pro-
liferation scores were also higher in the study group than in
the control group.

Collagen, which is beneficial for endoepidermal growth
to promote healing, is a major functional extracellular ma-
trix protein of the dermal layer of skin [15]. Type I collagen
is the predominant collagen of the dermis and forms colla-
gen fibers that maintain dermal configuration [16]. Collagen
matrices have been shown to promote fibroblast repopula-
tion in a controlled way in the wound area, decreasing
wound contraction and scarring [17]. In our study, the
collagen scores and type I/type III collagen ratios were
higher in the study group than in the control group.

All these parameters that were important for effective
wound healing, including polymorphonuclear leukocyte,
mononuclear leukocyte, vascularization, and fibroblast pro-
liferation were better in the study group than in the control
group. Therefore, we concluded that the positive effects of
PDC on wound healing might be attributable to these useful
histopathological alterations.

PDC is non-allergenic, non-antigenic, and entirely bio-
compatible [11]. Because of smooth surface and lack of
foreign body reaction, PDC can be placed in contact with
the bowel and with adipose tissue. It does not facilitate the
formation of a biofilm and thus is ideal for use in operations
with a high risk of infection. Systemic antibiotics will have
access to the infection site via blood vessels growing
through this material [7].

Because of the above-mentioned effects and advantages of
PDC onwound healing and abdominal wall hernia repair, PDC
may effectively and safely be used on full-thickness wounds as
a current dermal substitute. Further studies are needed to
completely evaluate the effects of PDC on wound healing.
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