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Abstract

Purpose Aim of this study was to compare the use of split-thickness skin graft (STSG) with and without additional
MatriDerm® application in a predominantly one-step procedure for the treatment of severe traumatic soft tissue defects of
the lower limb.

Methods This retrospective study included patients treated in a European level I trauma center between June 2013 and July
2018 in terms of a severe traumatic soft tissue defect of the lower extremity using STSG alone or in combination with the
acellular dermal substitute MatriDerm®. The healing of the soft tissue defect was measured by assessment of the take rate.
Outcome quality of the scar tissue was assessed using the Vancouver Scar Scale.

Results A total of 147 cases were included in this study. The overall healing rate (number of patients with take rate >75%)
was 88/147 (60%) and did not demonstrate significant differences between the treatment groups (p=0.15). Despite the differ-
ence in wound complexity between the treatment groups, there was no difference regarding the scar tissue quality 12 months
postoperatively. In about 25% of all cases, a post-operative event was mentioned that had to be revised surgically.
Conclusion Surgical treatment with STSG and additional MatriDerm® application can be recommended as satisfactory
alternative for dermis replacement in patients with severe skin defects, independent of age. The additional MatriDerm® use
allows for bridging of exposed ligaments, tendons, vessels or bones without relevant differences in cosmetical outcome.

Keywords Split-thickness skin graft (STSG) - MatriDerm® - Acellular dermal matrix (ADM) - Vancouver Scar Scale
(VSS) - Severe soft tissue defect - Wound - Burns

Introduction

There are several treatment options for the treatment of com-
plex soft tissue defects of the lower leg of various causes,
such as split-thickness skin graft (STSG), local or free flaps
[1-3]. STSG is considered the first step of the reconstruc-
tive ladder, however nowadays a common approach is to
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combine the use of STSG with a dermal substitute. Dermal
substitutes can bridge the steps of the reconstructive ladder,
by replacing the missing dermis without the need to perform
a flap procedure. MatriDerm® is a collagen-elastin dermal
matrix used for dermis replacement providing a basic frame-
work for the regeneration of the dermis [4-6].

There are several publications on the use of MatriDerm®
in the clinical literature. However, only a few large case
series or controlled studies are available for defects in the
lower extremities: a retrospective analysis of 56 soft tissue
defects treated with one-step reconstruction using dermal
skin substitutes demonstrated, that in cases where flap sur-
gery is unavailable or undesirable, the use of dermal skin
substitutes in combination with split-thickness skin grafting
can be a promising alternative for covering severe soft tis-
sue defects [7]. In a retrospective study of 34 patients with
defects of the lower extremities, the acellular dermal matrix
presented an improvement in skin quality with elastin and
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collagen. A skin graft along with a simultaneous applica-
tion of MatriDerm® demonstrated to be safe and effective
and led to a significantly better outcome from the perspec-
tive of skin elasticity [8]. A recently provided prospective
study in 60 patients with diabetic foot ulcer demonstrated
that MatriDerm® enabled effective healing and improved
elasticity [9].

The purpose of this study was to compare the use of
STSG with and without additional MatriDerm® application
for the treatment of severe traumatic soft tissue defects of the
lower limb and to evaluate the occurrence of adverse events
and the outcome quality of the scar tissue.

Methods

This retrospective chart review included patients who were
treated surgically in a level I trauma center between June
2013 and July 2018 for severe traumatic soft tissue defects
with exposed structures, such as tendons, ligaments, vessels,
or bone of the lower extremities, using single autologous
STSG (group 1) or in combination with the application of
the dermal substitute MatriDerm® (group 2) (MedSkin Solu-
tions Dr. Suwelack AG, Billerbeck, Germany). MatriDerm®
was used based on manufacturer’s recommendations in all
cases. Data collection was performed between January 2019
and March 2020. During this range of time, all available
documents for these cases were retrieved from the electronic
medical records and from the hospital archives. Patients who
met the following inclusion criteria were eligible for partici-
pation: Age over 18 years, severe soft tissue defect of the
lower extremities. Patients with tumorous soft tissue defect
were excluded from the study.

Standard surgical procedure

In group 1, debridement of the soft tissue defect was per-
formed followed by hemostasis. Then, STSG (thickness
0.2 mm) was adapted to the size of the wound and placed
on the defect zone. The skin graft was used in mesh or sheet
version. After a non-adherent contact layer was placed on
top of the STSG, either conventional wound dressing, or
a negative pressure wound therapy (NPWT) device with
a pressure setting of 80 mmHg was applied (RENASYS
TOUCH, Smith & Nephew GmbH, Hamburg, Germany)
[10]. After 5 days, NPWT was removed at bedside.

Also in group 2, debridement of the wound was done fol-
lowed by hemostasis (Fig. la—c). MatriDerm® was placed
either in a one-step procedure in dry condition directly in the
wound base of the defect (Fig. 1d, e) and moistened in situ
with sterile saline or ringer solution. STSG was placed on
top MatriDerm® (thickness 1 mm, size 52X 74 mm) in the
same procedure in the one-step approach. In the two-step
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procedure, MatriDerm® was placed on the wound base,
covered with a non-adherent contact layer, and NPWT was
applied for 5 days [10]. Coverage with STSG was performed
in a second surgical step after 5 days.

All surgical procedures were performed by the same four
senior surgeons according to the above described surgical
treatment concept.

Outcome measures

The take rate of the soft tissue defect was measured as part
of a routine protocol by assessment at day 7 postopera-
tively. Subsequently, photo documentation was performed
every two days until day 18 as part of the wound checks.
The healing rate was defined as number of patients with a
take rate >75%. Assessment was performed by two inde-
pendent investigators without knowledge of the treatment.
The duration of hospitalization was assessed. Safety was
analyzed by recording of post-operative complications and
documented surgery-related adverse events. Clinical out-
come (Fig. 1f, g) was assessed using the Vancouver Scar
Scale (VSS) one month and 12 months postoperatively in
two treatment groups (STSG: n = 44; STSG + MatriDerm®:
n=69) including all cases with complete documentation of
treatment progress (n=113). The VSS detects the four vari-
ables vascularity, height/thickness, pliability, and pigmen-
tation demonstrating the quality of the scar. This scoring
system ranges between 0 and 13 with 0 as the best result,
representing healthy skin [11].

Statistical analysis

Given the nature of this research, a statistical sample size
calculation using an unpaired t test has not been performed.
Data included in this research were collected as a consecu-
tive case series from the Investigator’s standard patient
population in an Excel data sheet (Excel 2018, Microsoft
Corp., Redmond, WA, USA). Rates were compared by chi-
squared test. Continuous and metric data were presented by
mean and standard deviation and compared by Wilcoxon
signed-rank test.

Results

A total of 147 cases (134 patients, 13 patients with both
legs involved) were included in this evaluation. Sixty-
three soft tissue defects in 55 patients treated with STSG
alone (group 1) and 84 severe soft tissue defects, such
as dermis, subcutaneous tissues, tendons, ligaments, fas-
cia, vessels or bone, in 79 patients treated with STSG in
combination with MatriDerm® (group 2) met the eligi-
bility criteria. Patients with a severe soft tissue defect of
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Fig. 1 a—c Forty-five-year-old
major trauma patient secondary
transferred from another hospi-
tal with decollement injury and
extensive necrosis of the left
lower leg. Debridement of the
soft tissue defect was performed
followed by hemostasis. d, e
MatriDerm® was placed in dry
condition directly in the wound
base of the defect. STSG was
placed above MatriDerm®. f, g
Clinical results with almost free
range of motion of the ankle
joint and excellent VSS of 0
points

the lower extremities were predominantly male with a Soft tissue defects consisted of 18 open fractures with
gender ratio of approximately 3/1 (99 male/ 35 female).  extensive decollement, 43 thermic and chemical burns, 78
Patients’ age ranged from 18 to 90 years with a mean age  severe soft tissue lesions, and 8 ulcers. Overall, soft tissue
of 52+ 17 years. The mean age was 53 + 18 years in group  defects were more severe in group 2 (Fig. 2). The majority
1 and 52 + 16 years in group 2. Frequencies of relevant  of open fractures were treated using MatriDerm® in com-
medical history as documented in patients’ medical reports  bination with STSG. In contrast, injuries due to burns were

are listed in Table 1.

Table 1 Frequencies of relevant
medical history

treated with STSG alone in 31 cases of second-degree deep

Relevant medical history

Parameter All STSG +Matriderm® STSG
Relevant medical history (more than one answer
possible)
Peripheral Artery Disease 4 3 1
Adipositas 14 8 6
Hypertension 27 18 9
Diabetes mellitus 9 5 4
Nicotine abuse 8 5 3
Coronary heart disease 7 4 3
Chronic obstructive pulmonary disease 7 3 4
Renal insufficiency 5 3 2
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Fig. 2 Distribution of patients
to the exposed soft tissue struc-

STSG n=63

STSG + MatriDerm n =84

tures involved. Deeper wounds
with exposed tendons, liga-
ments and bone were predomi-

epidermis.

nately treated with additional

MatriDerm®
27% 17 patients

30% 19 patients

7% 6 patients

11% 7 patients

8% 7 patients

22% 14 patients

27% 23 patients |

8% 5 patients

38% 32 patients

2% 1 patient bone I 20% 16 patients
Table 2 Germ colonization in n=147
the intra-operative samples
Parameter All STSG + Matriderm® % STSG %
Germ colonization
Yes 48 21 44 27 56
No 99 63 64 36 36
Most frequently found bacteria in
descending order:
1. Staphylococcus aureus 16 6 10
2. Staphylococcus epidermidis 15 3 12
3. Pseudomonas aeruginosa 7 5 2
4. Escherichia coli 5 5 0

n number of cases

partial thickness burns, and with STSG plus MatriDerm®
in 12 third-degree full-thickness burns. There was no dif-
ference in terms of frequency between left and right leg.
The defect was predominately located in the distal lower leg
and foot. About one-third of all patients demonstrated germ
colonization in the intra-operative samples. Staphylococcus
aureus and Staphylococcus epidermidis were found most
frequently (Table 2).

The number of scheduled surgical revisions until defini-
tive coverage was higher in group 2 (3.4 +2.4) than in group
1 (2.6 +1.5; p=0.03), indicating that the treatment was used
in complex wounds following more severe injuries. In a sub-
group of 92 patients with wounds without exposed anatomi-
cal structures, the number of prior surgical revisions was
2.5+ 1.41in group 1 and 3.0+2.2 in group 2. A two-step pro-
cedure of MatriDerm® treatment was recorded in 15 patients
with mean hospitalization of 39+ 25 days. NWPT was the
post-operative treatment in 140 cases (Table 3). Immobiliza-
tion with a cast was used in one-third of the cases.

The overall healing rate (number of patients with take
rate >75%) was 88/147 (60%). In group 1, healing rate was

@ Springer

Table 3 Distribution of patients in both treatment groups to post-
operative NPWT

Study group [n=147] STSG + MatriDerm® STSG [n=63]
[n=284]
Postoperative treatment
With NPWT 82 58
Without NPWT 2 5

42/63 (67%) compared to group 2 with a healing rate of
46/84 (55%) (p=0.15). The results regarding the VSS of
two treatment groups one month and 12 months postop-
eratively are presented in Fig. 3. In an additional subgroup
analysis depending on different exposed soft tissues, in the
largest subgroup with exposed muscle, there was a trend
toward better VSS results after use of STSG in combina-
tion with additional MatriDerm® (VSS =4.4 points) than
after use of STSG only (VSS =5.3 points) (p=0.112).
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Fig.3 Scar quality assessment X ®
according to the Vancouver Scar STSG | T — STSG + MatriDerm
Scale [11] VSS after VSS after epidermis VSS after VSS after
1 month 12 months 1 month 12 months
4.8 3.8 dermis
4.6 =t subcutaneous fat tissue 4.3 5.0
4.0 fascia 4.9 4.7
515 4.8 muscle 4.4 44
b
5.4 4.0 [ tendon 45 42
bone 43 3.8

Table 4 Complication rates

Complications (n =147)

Parameter All STSG+MatriDerm® % STSG %
Complication
Healing distur- 21 15 18 6 10
bances with
revision
Seroma 8 7 8 1 2
Hematoma 2 2 2 1 2
Infection 2 2 2 0 0
Fall with tear of scar 1 1 1 0 0
Swelling 1 1 1 0 0
Thrombosis 1 0 0 1 2
Total 36 28 33 9 14

The number of days in hospital was significantly less in
group 1 (26 days=+ 17 days) than in group 2 (36 + 19 days)
(p=0.001).

In about 25% of the cases, a post-operative event was
mentioned that had to be revised surgically. The majority of
the events included healing disturbances, such as remaining
defects, necrosis, or delayed healing (Table 4). Complica-
tions were recorded after 5-285 days postoperatively. The
events recorded after more than 100 days included scar insta-
bility, fistula, and swelling. The number of cases with at least
one necessary surgical revision was 4 in group 1 versus 18
in group 2 (p=0.02).

Discussion

The use of STSG may result in clinically relevant complica-
tions, such as hypertrophic scaring, keloids or disabling con-
tractures, especially across joint surfaces [12, 13]. This has
led to the development of dermal templates to improve the

reconstruction of the dermis, which is very important for the
quality and functionality of the reconstructed skin [14—-18].

In this study, a large collective of 147 cases was included
of whom almost two-thirds were treated using STSG in
combination with MatriDerm®. Soft tissue defects were
predominantly located at distal lower leg and foot. Deeper
wounds with exposed tendons, ligaments and bone were
treated with additional MatriDerm®. While these wounds
were found to be clinically complicated, covering with a flap
was not possible due to concomitant diseases. Especially
in patients with disturbances of arterial blood flow treat-
ment with MatriDerm® in addition to STSG seemed to be
the best alternative therapeutic option prior to amputation,
when skin flaps were not possible due to reduced circulation.
Interestingly, one-third of all patients demonstrated presence
of bacteria at the time of surgery. More patients with germ
colonization were treated with STSG only.

The healing rate was slightly lower in the group treated
with STSG plus MatriDerm® compared to the group with
STSG. After detailed processing of these cases, this differ-
ence seemed to be related to the fact that complex wounds
with exposed ligaments were predominately treated with
additional MatriDerm®. A relevant difference could not be
found between the treatment groups in terms of the scar
quality according to the VSS. Improved skin elasticity as
seen in other studies [7, 8] was found in some patients
treated with STSG combined with MatriDerm® demon-
strating that good clinical results and scar quality might be
reached by this treatment technique in severe wounds.

The overall complication rate was 25% in the current
study. In 15% of the cases, a surgical revision had to be per-
formed. The number of patients with documented adverse
events (33%) or necessary revision surgery (21%) was higher
in the group treated with STSG and additional MatriDerm®
application than in the comparison group. In addition, the
mean number of hospitalization days was higher in this
group. This might reflect that the more complex wounds and
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more patients with concomitant diseases were treated using
this method (Fig. 2, Table 1), but on the other hand, also
the treatment regime itself may have been a reason for revi-
sion surgery. Furthermore, we observed that open fractures
were associated with more complicated wounds. Therefore,
more often, treatment with MatriDerm® was chosen since
MatriDerm® facilitates the bridging of exposed soft tissues,
such as tendons, ligaments, and vessels, and was then used
instead. In contrast, due to the frequent use of NPWT in
burns, the dermis quite often remained intact so that treat-
ment with MatriDerm® was not necessary [19].

Another aspect to be discussed is that in the current
study, a longer duration of treatment in hospital and more
surgical revisions were found in the group with additional
MatriDerm® use. Although this is actually disadvanta-
geous compared to the standard therapy with STSG cover-
age alone, it must be taken into account that treatment with
MatriDerm® may avoid plastic flap coverage, joint disarticu-
lation, or limb amputation in extreme cases. In this regard,
it is an established salvage procedure for the treatment of
highly problematic wounds in our setting.

The limitations of this study include the variety of age of
patients as well as the sequential nature of the two treatment
groups. However, the most important outcome assessment of
this study was to evaluate the healing rate of the soft tissue
defect using the surgical technique as described above. The
decision to use MatriDerm® was dependent on the intra-
operative assessment and the discretion of the treating sur-
geon, and was not subject to a randomized or blinded proto-
col. Since the treatment group with STSG and MatriDerm®
included some cases with a two-stage treatment concept in
addition to those with a one-stage approach, a bias could
not be excluded with certainty here. STSG and STSG plus
MatriDerm® both were used with or without NPWT post-
operatively. As the use of NPWT may have an impact on the
take rate of STSG, this might be a confounder imparing the
statistical power of the study resulting in a potential bias.
Nevertheless, the power of the retrospective study includes
the large number of patients managed according to clear
inclusion and exclusion criteria, with a consistent treatment
concept in the same hospital by the same group of experi-
enced surgeons.

Conclusion

Based on the good clinical results of this study, surgical
treatment with STSG and additional MatriDerm® application
can be recommended as satisfactory alternative for dermis
replacement in patients with severe skin defects, independ-
ent of age. The additional MatriDerm® use allows for bridg-
ing of exposed ligaments, tendons, vessels or bones. Rel-
evant differences in cosmetical outcome were not observed.
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