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ARTICLE INFO ABSTRACT
Keywords: Objective: The clinical effects of artificial dermis in treating skin and soft tissue defects accompanied by bone or
Skin and soft tissue defects tendon exposure were assessed.

Bone or tendon exposure

Approach: A retrospective analysis was conducted on the clinical data of 45 cases of skin and soft tissue defects
Artificial dermis

accompanied by bone or tendon exposure admitted to the trauma surgery department of Fujian Provincial
Hospital between February 2018 and August 2020. They were divided into the artificial dermis and control
groups. The wound was assessed using the Vancouver Scar Scale (mVSS), and the postoperative visual analogue
scale (VAS) scores were recorded at 3, 6, 9, and 12 months after surgery. At the 12-month after surgery, skin
sensation recovery was evaluated using the criteria of the British Medical Research Council (BMRC).

Results: The cases included 26 males and 19 females, aged 50 to 85 years. All patients were followed up for an
average of 13.8 months (range: 12-18 months). Compared with controls, the wound healing time of the
observation group was longer (35.8 £+ 10.6 vs. 28.5 + 4.8, P = 0.007), without significant differences for the
number of operations and length of hospitalization. The mVSS scores were not different between groups (Pgroup =
0.294), but the scores decreased with time (Pyme < 0.001), and the groupxtime interaction was significant
(Pinteraction < 0.001). Similarly, the VAS scores were not different between groups (Pgoup = 0.667), but the scores
decreased with time (Pgime < 0.001); the group x time interaction was not significant (Pinteraction = 0.274). At the
12-month mark following the operation, in the artificial dermis group, the MCRR score was S3+ in 23 patients,
while it ranged from SO to S3 in two patients; in the control group, S3+ was observed in 17 patients, and S0-S3 in
three (P = 0.815).

Conclusion: Artificial dermis treatment is considered a safe and effective alternative therapy for patients with skin
and soft tissue defects accompanied by bone or tendon exposure who cannot tolerate or are unwilling to undergo
autologous skin flap transplantation. It offers the advantages of minimal donor site trauma, simplicity in oper-
ation, and favorable postoperative functional recovery.
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Introduction

In recent years, there has been a notable rise in the number of pa-
tients with skin and soft tissue defects accompanied by exposed bones or
tendons resulting from traumatic incidents like traffic accidents and
industrial mishaps. Addressing these injuries poses a significant clinical
challenge [1]. Such injuries are frequently encountered in cases of
trauma, surgical incisions, burns, and the like [2,3]. Given the elevated
risks of grafting thick skin flaps directly onto exposed tendons or bones,
which may lead to graft failure and tendon adhesion, the preferred
treatment approach often involves local or free flap transplantation
[4-6]. Conventional treatments such as autologous skin grafts and free
flap transplantation are associated with drawbacks, including aesthetic
impairments and the occurrence of complications like infections, func-
tional deficits, and pain [7-9]. These deficiencies impact appearance
and give rise to complications such as infections, functional limitations,
and discomfort [10,11]. While certain clinical progress has been made,
challenges persist due to the intricate grafting procedures, extensive
donor site damage, limited donor site area, and postoperative compli-
cations [12,13]. Consequently, searching for more effective and secure
treatment approaches is particularly important. Yannas et al. [14]
introduced the utilization of artificial dermis for skin defects in 1980,
achieving favorable clinical outcomes. The artificial dermis resembles
real skin in structure and function [15-17]. Compared to autologous flap
transplantation, artificial dermis offers reduced surgical risks, decreased
invasiveness, dependable wound coverage, and tissue regeneration,
presenting several advantages [18,19].

In the treatment of patients aged 50 or above with skin and soft tissue
defects accompanied by exposed bones or tendons, particularly those
who are unable or unwilling to undergo traditional autologous skin flap
transplantation due to factors such as age and underlying health con-
ditions, this article seeks to explore the use of artificial dermis or a
combination of artificial dermis and autologous split-thickness skin
grafting as an alternative treatment approach. This study retrospectively
analyzed the clinical data from 45 patients with skin and soft tissue
defects involving bone or tendon exposure who were admitted to the
authors’ hospital between February 2018 and August 2020 and who
received an artificial dermis graft or skin flap. The study observed the
effects of artificial dermis (Pelnac) on wound healing, skin regeneration,
and functional recovery. The aim is to provide a more viable, safe, and
effective treatment option.

Innovation

Complex treatment is usually required for skin and soft tissue defects
accompanied by bone or tendon exposure. Autologous skin flap trans-
plantation, for example, needs to be performed under general anes-
thesia. However, younger individuals have a higher risk associated with
anesthesia than older individuals. On the other hand, artificial dermis
can be performed under local anesthesia. It reduces surgical trauma,
improves the patient’s quality of life, promotes wound healing, and re-
duces the risk of infection and complications.

Materials and methods
Study design and patients

This retrospective study included consecutive patients who under-
went surgery between February 2019 and August 2020. The inclusion
criteria were (1) patients with skin and soft tissue defects exposing bone
or tendon and (2) patients aged 50 and above. The exclusion criteria
were (1) patients with artificial skin necrosis requiring conversion to
autologous skin flap transplantation, (2) patients with clinical condi-
tions that could affect wounds (e.g., complicated with cardiovascular,
cerebrovascular, liver, kidney, or lung diseases, chronic infection, dia-
betes, blood vessel occlusion, or stenosis of the affected limb), (3)
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patients with hypertrophic scarring, or (4) patients unable to attend
follow-ups for various reasons after surgery.

Twenty-five patients who were either unable to tolerate or unwilling
to undergo skin flap treatment underwent artificial dermis grafting,
including 15 males and 10 females, aged 64.8 + 11.0 years. Twenty
patients were included as controls, comprising 12 males and eight fe-
males, aged 61.1 + 6.3 years. All of them had skin and soft tissue defects
with bone or tendon exposure due to acute injuries or poor wound
healing. In the artificial dermis graft group, the size of the skin and soft
tissue defects ranged from approximately 2 x 5 cm to 8 x 12 cm. The
causes of these injuries included 12 cases of traffic accidents, six cases of
crush injuries, five cases of contusions, one case of decubitus, and one
case of delayed wound healing (Supplementary Table S1). Twenty pa-
tients received artificial dermis in combination with autologous split-
thickness skin transplantation, while five underwent sole artificial
dermis transplantation without the subsequent autologous split-
thickness skin grafting.

Methods

The treatment approach involved thorough debridement and the
transplantation of an artificial dermis (Pelnac, provided by Japan Gunze
Co., Ltd.), followed by a two-stage autologous split-thickness skin
transplantation.

Artificial dermis grafting: The surgical procedure included a one-
stage thorough debridement and artificial dermis grafting. During the
operation, iodine tincture, normal saline, and hydrogen peroxide were
used for repeated rinsing to remove contaminants and necrotic tissue
from the wound surface, maintaining wound cleanliness. In cases where
the wound surface exposed bone, any contaminated or necrotic super-
ficial bone was excised. Contaminated bone was removed until bleeding
was observed while preserving the periosteum around the fracture site.
For wounds with contamination and limited viable soft tissue, a vacuum
sealing drainage (VSD) device was employed for wound management.
After one week, the VSD device was removed, and wound healing
progress was assessed. If fresh granulation tissue had developed, artifi-
cial dermis grafting was applied. In cases where the bone was exposed,
an electric drill was used to create perforations in the bone to promote
granulation growth. An appropriate piece of artificial dermis was chosen
and cut to match the wound’s size and shape. The artificial dermis was
placed onto the wound, ensuring a proper fit. Antibacterial sutures were
utilized to secure the artificial dermis to the surrounding skin, with
Vaseline gauze used to cover the artificial dermis.

Two-stage autologous blade-thickness skin transplantation: In the
case of large wounds, autologous split-thickness skin transplantation
becomes necessary. Typically, around 2-3 weeks following the thorough
debridement and artificial dermis grafting, the dressing or VSD device is
removed, and fresh granulation tissue begins to develop on the wound.
Suitable autologous skin grafts are then transplanted onto the wound
surface. These grafts are firmly affixed using sutures. The selection of an
appropriate donor site, usually the thigh, is made, and the chosen area is
cleaned and subjected to local anesthesia. The skin donor area can be
covered with Vaseline gauze cotton pads and elastic bandages for
pressure dressing. After the skin grafting procedure, the skin-receiving
area is also bandaged with Vaseline gauze, intermittently spun Vase-
line gauze to reduce its thickness, and cotton balls and cotton pads for
pressure dressing.

Skin flap: For the patients who underwent skin flap grafting, all steps
were the same as for the artificial dermis group, except that a skin flap
was harvested based on the characteristics of the primary wound and the
surgeons’ experience and used to cover the primary wound.

Follow-up

The patients were routinely followed up at 3, 6, 9, and 12 months
either in person or by telephone. The modified Vancouver scar scale
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(mVSS) [20] and the British Medical Research Council (BMRC) skin
sensation recovery [21] were used to evaluate the wounds, and the Vi-
sual Analogue Scale (VAS) was used to evaluate the pain. The mVSS
scores vascularity (normal = 0, pink = 1, red = 2, and purple = 3),
pigmentation (normal = 0, hypopigmentation = 1, and hyperpigmen-
tation = 2), pliability (normal = 0, supple = 1, yielding = 2, firm = 3,
ropes = 4, and contracture = 5), and height (flat = 0, < 2 mm = 1, 2-5
mm = 2, and >5 mm = 3). The total score is /13. The BMRC was scored
as SO = anesthesia; S1 = deep pain sensibility; S1+: superficial pain
sensibility; S2 = pain and some touch sensibility; S2+: pain and some
touch sensibility with some over response; S3: pain and some touch
sensibility without over response, using static two-point discrimination
(S2PD) >15 mm, moving two-point discrimination (M2PD)>7 mm;
S3+: sensory localization, S2PD between 7 and 15 mm, M2PD between 4
and 7 mm; S4: complete recovery, S2PD < 6 mm, M2PD < 3 mm.

Statistical analysis

The continuous data were presented using means + standard de-
viations and analyzed using Student’s t-test if normally distributed
(Shapiro-Wilk test) or as median (interquartile range) and analyzed
using non-parametric tests (Mann-Whitney U test). Repeated measure
analyses of variance were used to compare the groups in relation to time.
The categorical data were presented as n (%) and analyzed using
Fisher’s exact test. All analyses were performed using SPSS 22.0 (IBM,
Armonk, NY, USA). Two-sided P-values were considered statistically
significant.

Results

The median interval between wound and surgery was 4.0 (Q1-Q3:
0.92-9.5) days in the artificial dermis group and 5.5 (Q1-Q3: 1.25-11.5)
days in the control group (P = 0.384). Table 1 shows the baseline
characteristics of the patients. There were no significant differences in
age, wound area, exposed area, sex, cause of wound, and leakage type
between the two groups.

All patients were followed up for 12-18 months. The healing time
was longer in the artificial dermis group compared with the control
group (35.8 £+ 10.6 vs. 28.5 £+ 4.8 days, P = 0.007). There were no
significant differences in the number of operations and hospital stays
between the two groups (P = 0.837 and P = 0.450, respectively). At 12-
month following the operation, in the artificial dermis group, the BMRC
score was S3+ in 23 patients, while it ranged from SO to S3 in two pa-
tients; in the control group, S3+ was observed in 17 patients, and S0-S3
in three (P = 0.815) (Table 2).

Table 1
Comparison of the baseline characteristics.

Artificial dermis Skin flap group(n P

group (n = 25) = 20)
Age (years) 64.8 £ 11.0 61.1 £6.3 0.176
Wound area (cmz) 34.6 + 22.9 24.6 + 13.8 0.090
Exposed area (cm?) 49 +1.8 43+1.3 0.173
Sex 0.787
Male 14 (56) 12 (60)
Female 11 (44) 8 (40)
Cause of wound 0.588
Traffic accident 12 (48) 10 (50)
Crush injury 6 (24) 8 (40)
Contusions 5(20) 2(10)
Decubitus 14) 0
Delayed wound healing 1(4) 0
Leakage type 0.479
Bone 13 (52) 7 (35)
Tendon 8 (32) 10 (50)
Bone and tendon 4 (16) 3 (15)
Time from injury to surgery 4.0 (0.92,9.5) 5.5 (1.25,11.5) 0.384

[days,M(Q1,Q3)]
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Table 2
Patient outcomes.

Artificial dermis group (n  Skin flap group (n P

= 25) = 20)
Wound healing time 35.8 +10.6 28.5 + 4.8 0.007
(days)
Number of operations 3.2+0.7 3.2+05 0.837
Hospital stay (days) 32.7 £ 6.5 31.4 + 4.7 0.450
BMRC 0.815
S3+ 23 (92) 17 (85)
S0-S3 2(8) 3(15)

BMRC: British Medical Research Council.

In the artificial dermis group, the mVSS scores at 3, 6, 9, and 12
months after surgery were 12.1 + 0.5, 10.0 +£ 1.1, 8.2 +£ 1.0, and 5.6 +
1.2, respectively, while in the control group, the values were 10.2 + 0.7,
9.4 +£ 0.7, 8.6 £ 0.8, and 6.9 + 1.1, respectively. There were no dif-
ferences between groups (Pgroup = 0.294), but the scores decreased with
time (Pgme < 0.001), and the groupxtime interaction was significant
(Pinteraction < 0.001). Similarly, the VAS scores at these time intervals
were 5.8 + 1.4, 3.8 + 1.1, 2.2 £+ 1.1, and 1.0 + 1.0 in the artificial
dermis group and 5.8 + 1.5, 3.7 £ 1.0, 2.6 + 0.7, and 1.4 + 0.5 in the
control group. There were no differences between groups (Pgroup =
0.667), but the scores decreased with time (Pgpme < 0.001); the group-
x time interaction was not significant (Pipteraction = 0.274) (Table 3). The
wound healing process of two typical cases treated with artificial dermis
is shown in Figs. 1 and 2.

Notably, one patient in the artificial dermis group exhibited partial
limitation of limb movement due to tendon tissue adhesion. In contrast,
the remaining patients did not experience intractable infections, severe
functional limitations, or complications like non-healing wounds.

Discussion

For patients with skin and soft tissue defects involving bone or
tendon exposure due to various causes, when they are unable to tolerate
or are unwilling to undergo autologous skin flap transplantation, it be-
comes imperative to transition from a “Rob Peter to pay Paul” approach
to a restorative paradigm of “Directly Repair the Wall.” Artificial dermis
transplantation involves the application of a collagen sponge mesh
scaffold biological material, which has a low risk of rejection, to cover
the wound. As collagen accumulates and the artificial dermis degrades,
it establishes a histological structure akin to the normal dermis on the
wound surface. Combining autologous split-thickness skin grafting ul-
timately facilitates wound healing [16,17,22]. The artificial dermis
mesh scaffold structure prompts the organized growth of capillary buds
and fibroblasts on the wound surface. In wounds with bone or tendon
exposure, there is a deficiency in the growth pathway from the basal
endothelial cells of the wound surface. Therefore, implanting an artifi-
cial dermis after creating perforations on the bone can effectively
stimulate granulation tissue growth [11]. In this study, 18 patients with
bone exposure had point-like perforations made in the bone using an
electric drill to induce blood seepage, followed by artificial dermis im-
plantation and VSD technology. After removing the VSD device one
week later, the wound’s granulation tissue exhibited robust growth,
creating favorable conditions for autologous split-thickness skin trans-
plantation. The wound healing time was longer with the artificial dermis
graft than with the flap, probably because of the absence of blood vessels
and actual cells in the initial graft.

Infection, hematoma, and vasospasm are recognized as significant
culprits in artificial dermal graft failures [23-25]. To better manage
wound infections and reduce graft failure incidents, early debridement
combined with VSD can expedite the vascularization process of artificial
dermis and reduce the time interval between the two-stage autologous
split-thickness skin grafting [26,27]. In this study, 25 patients who un-
derwent artificial dermis graft were included, with 20 undergoing



Y. Zhang et al.

Table 3
Repeated measure analysis of variance (mVSS and VAS).
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Artificial dermis group (n = 25) Skin flap group (n = 20) P for group P for time P for interaction

mVSS 0.294 <0.001 <0.001

3 months 12.1 £ 0.5 10.2 + 0.7

6 months 10.0 £ 1.1 9.35+0.7

9 months 82+1.0 8.6 £0.8

12 months 56 +1.2 6.9 +1.1
VAS 0.667 <0.001 0.274

3 months 58 +1.4 58+ 1.5

6 months 3.8+11 3.7+1.0

9 months 22+1.1 2.6 £0.7

12 months 1.0+1.0 1.4+£05

mVSS: modified Vancouver scar scale; VAS: Visual Analogue Scale.

artificial dermis and autologous split-thickness skin transplantation,
while five patients had artificial dermis transplantation without a sub-
sequent two-stage autologous split-thickness skin graft. Notably, one
patient faced complications due to a substantial area of bone exposure,
resulting in incomplete coverage of the bone surface by granulation
tissue and uncontrolled infection. Necrosis occurred after the artificial
dermis and autologous split-thickness skin transplantation, eventually
leading to wound healing. For patients with large wounds and in-
fections, multiple debridement and early VSD are essential before
employing artificial dermis to manage wound infections and foster
granulation tissue growth on bone or tendon surfaces. Comprehensive
hemostasis should be ensured, and interstitial spaces and blood clots
must be ruled out.

Artificial dermis offers several advantages in treating skin and soft
tissue defects with bone or tendon exposure. Firstly, the artificial dermis
is a transparent, soft, and elastic material that conforms to the wound
surface and seamlessly blends with the surrounding skin, resulting in
improved aesthetics [28]. It has a positive impact on the psychological
and social well-being of patients, reducing anxiety and self-esteem issues
stemming from cosmetic imperfections. Secondly, the utilization of
artificial dermis obviates the need for autologous tissue transplantation,
avoiding trauma and potential complications in the donor area. As a
result, postoperative pain and discomfort are significantly diminished
for patients, and the recovery period is notably shortened, thereby
enhancing the patient’s overall quality of life. Furthermore, artificial
dermis material carries a low risk of rejection reaction, provides stable
coverage of the defect area, and fosters an optimal healing environment
for soft tissue and bone or tendon recovery [10]. The production and
application of artificial dermis are relatively straightforward, making
clinical procedures more convenient and expeditious. In this study, the
wounds of all 25 patients healed well, exhibiting elastic and soft skin
with minimal scarring and contractures, along with limited pigmenta-
tion. Over a 12-month postoperative period, mVSS and VAS scores
gradually declined, and the BMRC rate reached 92 %. There were no
differences between the artificial dermis and control groups regarding
the mVSS, VAS, and BMRC. The mVSS and VAS scores decreased in both
groups, while the velocity of the mVSS decrease appeared faster in the
artificial dermis group.

Nonetheless, artificial dermal treatments do have certain limitations.
Firstly, for extensive skin defects, due to the constraints of artificial
dermis materials, achieving outcomes comparable to traditional flap
transplantation may be challenging, especially in cases involving tendon
adhesion to exposed tissue [3]. In this study, one patient experienced
partial movement restriction of the affected limb, likely attributable to
tendon adherence to surrounding tissue following multiple wound
treatments and prolonged immobilization. Consequently, it is essential
to comprehensively evaluate the patient’s defect extent and feasibility
throughout the treatment process. Secondly, owing to individual vari-
ations among patients, some individuals may exhibit differential toler-
ance to artificial dermis materials, necessitating close monitoring for
potential adverse reactions during treatment. Additionally, this study

employed a retrospective design, which may introduce certain selection
biases, and the analysis was limited by the characteristics collected from
the medical records. In the future, larger-scale randomized controlled
clinical trials will be imperative to validate its long-term effectiveness
and safety.

Considering the advantages and limitations above, several recom-
mendations can be made. Firstly, customized treatment plans are
paramount in terms of treatment selection, given the individual vari-
ances and distinct disease characteristics among patients. Different pa-
tients may exhibit diverse responses to artificial dermis materials and
surgical interventions. Hence, factors such as the patient’s age, under-
lying causes, general health status, and postoperative recovery capacity
must be comprehensively assessed when devising a treatment strategy.
Artificial dermis can be considered the preferred treatment method for
minor skin defects involving bone or tendon exposure. Secondly,
meticulous preoperative evaluation and vigilant postoperative moni-
toring are pivotal to ensuring treatment efficacy. The patient’s overall
condition and the specific attributes of the skin defect should undergo a
thorough evaluation before the procedure to determine the feasibility of
the treatment plan. Regular follow-ups are essential after the operation
to detect and promptly address any potential adverse reactions.

Lastly, while this study has demonstrated significant clinical out-
comes for artificial dermis treatment, the limited sample size prevents a
full assessment of its long-term efficacy and safety. Therefore, larger
randomized controlled trials will be necessary to validate its effective-
ness and compare it with traditional treatments.

Conclusion

This study provides substantial evidence supporting using artificial
dermis in treating skin and soft tissue defects with bone or tendon
exposure. Artificial dermis could achieve comparable outcomes to skin
flap, although with a longer recovery time. With the continuous
advancement of science and technology, coupled with the accumulation
of clinical experience, artificial dermis treatment is anticipated to unlock
even greater potential in this field in the future, offering enhanced
therapeutic outcomes and improved quality of life for patients.
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Fig. 1. Typical case #1, a 78-year-old male patient whose wounds were treated with artificial dermis. The patient was admitted to the hospital due to trauma-
induced left foot pain and bleeding for 1 hour. A. A 3 x 4 cm exposed bone defect on the left lateral malleolus. B. A 3 x 4 cm exposed defect of the extensor
tendon of the third toe of the left foot. C & D. Artificial dermal grafting performed 2 weeks after thorough debridement. E. Two months after the artificial skin
grafting, most of the remaining artificial dermis survived. F. The wound healed satisfactorily 10 months after the operation, with pigmentation and local scars and
good flexion and extension function of the toe.
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Fig. 2. Typical case #2, a 76-year-old female patient whose wounds were treated with artificial dermis. The patient was admitted to the hospital following a car
accident that resulted in multiple injuries sustained over 2 h. Additionally, a decubital ulcer had developed on her sacrum due to more than 1 month of bed rest. A.
The wound defect area in the sacrum measured about 8 x 12 cm, with exposure of the sacrum and necrosis of the sacral fascia. B. Thorough debridement was
performed. C. The negative pressure drainage system (VSD) was utilized to treat the wound. D. After 4 weeks, the wound’s granulation tissue appeared fresh, with no
significant secretion or exudate. E. Artificial dermis was implanted. F. Three months post-operation, the wound exhibited granulation growth covering the exposed
bone surface. G. At 5 months post-operation, the wound surface had dried, and the periphery of the wound had partially healed. H. By 12 months post-operation, the
wound surface had healed and formed a crust with lighter pigmentation and smoothed scarring.
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