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Abstract T i s s u e engineering and dermal substitution are current

ly prominent topics of wound healing research. However, no ex

tensive clinical trails with objective evaluation criteria have been 
published to date that support long-term clinical effectiveness of 

dermal substitution. 
A clinical trial on acute burn wounds and reconstructive wounds 
was conducted with a dermal substitute composed of bovine type I 
collagen and elastin-hydrolysate. The substitute was applied in a 
one-step procedure with a split-thickness autograft on top. This 
experimental treatment was compared to the conventional treat
ment, the split-thickness autograft only. After one week, the per
centage of the autograft survival was assessed. Objective measure
ments of skin elasticity parameters were obtained three and 
twelve months after surgery with the Cutometer SEM 474. After 
one year, scars were also evaluated by planimetry to establish scar 
contraction and by a generally accepted clinical scar assessment 
tool: Vancouver Scar Scale. In addition, the patients gave their 
impression concerning the outcome. Thirty-one patients with 
acute burn wounds (42 paired treatments) and 31 patients with 
scar reconstructions (44 paired treatments) were included. 
Autograft survival was not altered by the substitute for recon
structive wounds whereas a significant reduction of nine percent 
(p=o.oi5) was established in the burn category for substituted 
compared to control wounds. The reduction in autograft survival 
for substituted acute burn wounds was acceptable because the 
necessity for regrafting was not increased. 

Cutometer measurements showed no improvement of different 
elasticity parameters after dermal substitution in burn surgery. 
For the group with scar reconstructions, dermal substituted wounds 
demonstrated a statistically significant improvement of elasticity 
compared to control wounds after three months. However, the 
evaluation after one year indicated no statistically significant dif
ferences between both treatments for Cutometer data, planimetry 
data, the Vancouver Scar Scale and the impression of the patient 
for both categories. 

The clinical trial shows that the dermal substitute can be applied 
in an one-stage grafting model. The dermal substitute was proven 
effective on a short-term basis in reconstructive wounds, however 
the data did not support a long-term clinical effectiveness of der
mal substitution. 
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Introduction 

The autologous, split-thickness meshed skin graft is generally regard
ed as the standard treatment for extensive full-thickness wounds, 
such as acute burn wounds. This conventional treatment requires 
the creation of additional skin defects for harvesting autografts. 
Moreover, it leads to a poor functional and cosmetic outcome of the 
wound site as result of the scar formation, which becomes clinically 
apparent as hypertrophy, poor skin elasticity, malfunction of joints 
and undesirable cosmetic appearance. 
Research of the past decade has been focused on artificial replace
ments of epidermis and dermis to improve the functional and cos
metic outcome as well as to reduce the need for autologous skin 
transplantation. Equivalents of the dermis have been developed to 
serve as a template for dermal repair and to improve the quality of 
scar tissue'. With different materials for dermal replacement, prom
ising results were obtained in in vivo studies2"4 and in small clinical 
trials5"7 with respect to functional and cosmetic outcome. Never
theless, it has been reported that the substitute might affect the sur
vival of the overlaying epidermal replacement in one-stage grafting 
models7;8. It was postulated that interpostitioning of the substitute 
may affect the survival of the graft due to an increased diffusion 
distance for nutrients and oxygen to the autograft8. Thinner mesh 
grafts have been applied to overcome this potential problem and 
apparently improved the survival of the autograft7*. Another option 
to prevent graft loss is the two-stage grafting model as employed 
with Integra. This is a commercially available collagen-based der
mal substitute combined with a silicone top layer that functions as 
a temporary epidermal replacement5. The top layer is removed 
when the artificial dermis appears to be vascularised, which is gen
erally after two to three weeks. The delay in grafting is considered 
acceptable for patients with life-threatening burns who underwent 
primary excision and lack available donor-sites for immediate graft
ing9. However, for smaller burns and other wounds where split-skin 
grafting is indicated and supposed feasible in one operation, one-
stage grafting should be advocated to avoid unnecessary operations 
and prevent delay of wound closure. 
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We conducted a clinical trial to study the effect of a dermal substi
tute in a one-step procedure. This substitute was selected after in 
v)'fro,0and in vivo"1" tests and after limited tests in a human wound 
model6 It was found to be superior to other collagen sponges con
cerning the wound healing parameters and histopathology. The 
substitute was applied in combination with a split-thickness auto
graft and compared with a conventional treatment using only a 
split-thickness autograft. The autograft was of similar thickness for 
both treatments. The effectiveness of the substitute itself could there
fore be established, because the presence of the substitute was the 
only altered variable in this paired design. We focused on two cate
gories that are frequently treated with split thickness autografts: 
acute burns and reconstructive wounds. The reconstructive wounds 
were created to release a scar contracture that remained after a burn 
injury. 

This communication is concentrated on the feasibility of dermal 
substitution as one-stage grafting model and on its clinical effec
tiveness evaluated by means of objective and subjective criteria. 
The scar evaluation protocol involved devices suitable for objectify
ing skin elasticity (the Cutometer) and planimetry for surface area 
calculations. In addition, scars were subjected to the Vancouver Scar 
Scale, for a clinical scar assessment, and patients were asked for their 
impression. 

Patients and methods 
Material 

The dermal substitute (Dr. Otto Suwelack Skin & Health Care AG, 
Billerbeck, Germany) is a highly porous i-mm-thick membrane and 
consisting of a native bovine type I non-crosslinked collagen fibre 
template coated with u-elastin hydrolysate derived from bovine 
ligamentum nuchae (GfN-Herstellung von Naturextracten GmbH, 
Michelbach, Germany) in a concentration of three weight-to-weight 
percent ratio. The matrices were treated with -/-irradiation (1000 Gy) 
and stored at room temperature. Figure 1 shows scanning electron 
microscopy images of the collagen/elastin dermal substitute. 
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Figure 1 Scanning electron microscopy pictures 
of the collagen/elastin dermal substitute 

Original magnification is 75X (a) and 1500X (b). 
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Study design 

The protocol was approved by the ethics committee from our hospi
tal. Patients were eligible if they were admitted to our hospital and 
needed surgical treatment for acute burn wounds or a reconstruc
tion of scar tissue that remained after a burn injury. Patients were 
enrolled in the period of August 1996 to July of 1997. All patients or 
their legal representative gave informed consent before surgery. 
During the operation, the experimental and conventional treatments 
were confined to anatomically related areas to allow a paired, 
intraindividual comparison. Preferably, a right/left comparison was 
made; if not feasible, a superior/inferior or medial/lateral compari
son within a wound surface area was performed. To exclude any bias 
due to selection of the surgeon or researcher, the experimental treat
ment was confined to the right, superior or medial site, respectively. 

Operation procedure 

Burn wounds were treated with silver sulphadiazine or cerium-
silver sulphadiazine cream before surgery. Large, full-thickness 
wounds without vital dermal and epidermal remnants were excised 
and grafted within the first week of admittance if the condition 
of the patient was good or acceptable. Other wounds that did not 
demonstrate a healing tendency despite adequate local treatment 
and wounds of patients with an initial poor condition were operat
ed between two or three weeks postburn. The burned tissue was 
scrubbed with chlorhexidine and cleaned with saline. Debridement 
of the necrotic tissue was either performed by avulsion'3, tangential 
excision'4 or scrubbing. For information about bacterial contamina
tion of the surface area of the burn wounds, bacterial swabs were 
taken from both sites during surgery. The substitute was soaked 
into Dulbecco's Modified Eagle's Medium (Gibco, Paisley, UK) and, 
after hemostasis had been reached, applied to the wound bed of the 
experimental site. Split-thickness grafts obtained from unburned 
skin with a Zimmer dermatome (Zimmer Inc., Dover, Ohio, USA) 
were applied on both the experimental and control treatment areas. 
If possible, parts of the same graft were used to allow a proper eval
uation of both sites. The mesh technique'5 or micrografting accord
ing to Meek-Wall'6 was used to expand the autograft to cover the 
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burn area. The expansion rate of the graft was adjusted depending 
on the extent of the burned total body surface area and the anatom
ical location. The type of graft was always the same for the paired 
treatments because both experimental and control treatments were 
confined to comparable wounds and locations. The split-thickness 
graft was fixated with Surfasoft (Mediprof, Bleijswijk, The Nether
lands), a monofilament polyamide woven sheet, and staples'7. Gauzes 
soaked in a solution of 30 % polyethyleneglycol, 20% sorbitol and 1% 
Povidoniodine in water, were applied daily on top of the Surfasoft 
and fixated with bandages. The Surfasoft and staples were removed 
after five to seven days. To prevent desiccation of the autograft, the 
sandwich graft technique could be applied in case of a 1:4 or 1:6 
expansion rate by placing glycerolised human cadaver donor skin 
(Euro Skin Bank, Beverwijk, The Netherlands) on top of the auto
graft'8. Figure 2 includes the clinical application of the substitute and 
split skin graft for a full thickness chest burn. 

For reconstructive wounds, the following protocol was applied. Du
ring the operation, a clean full-thickness wound was created with a 
wound bed of fat and muscle tissue by means of double-Y incision to 
release the contracted scar tissue. After creation of an adequate 
wound bed and hemostasis, the dermal substitute was applied after 
soaking into Dulbecco's Modified Eagle's Medium. The split-thickness 
graft was meshed (ratio, 1:1.5) and applied without spreading on the 
experimental and control site. Paraffin gauze and absorbent cotton 
soaked in the polyethyleneglycol/sorbitol/Povidon-iodine solution 
were placed on top of the graft and fixated with staples. The gauze 
and cotton were removed after five to seven days. In all cases, experi
mental and control site were treated identically for both categories. 

Patients 

The burn group included 84 wound areas of 31 consecutive patients 
(42 pairs of wound areas). The mean age of the patient at admittance 
was 32.9 years with a standard deviation (SD) of 13.3 years. The per
centage of second and third degree burned total body surface area 
(TBSA) was 19.8 (SD: 14.5) percent, which included 9.0 (SD: 11.2) per
cent third degree burns. An overview of the patient characteristics is 
listed in Table 1. On average, the wounds were operated after 18.9 
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Figure 2 Clinical 
application of the 
dermal substitute 
for burns 

Figure 2 shows a case 
report of a eighteen 
year old patient who 
sustained a flame burn 
injury involving his 
chest. Total burned 
surface area was 
34 percent, including 
27 percent third degree 
burns. Primary excision 
was performed after 
four days by means of 
avulsion. The dermal 
substitute was applied 
to the right side of the 
chest (figure 2a) and 
covered with an auto
graft meshed to a 1:3 
ratio (figure 2b). 
After ten months 
the surface area of 
the substituted area 
appeared smoother 
in comparison to the 
control treatment 
(figure 2c). 
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Figure 3 The parameters of the skin elasticity 
measured by the Cutometer SEM 474 

The figure demonstrates the deformation-time 
curve of the Cutometer during and after a controlled 
vacuum of 500 mbar. The Cutometer measures the 
deformation of the skin in millimetres. For this study, 
a measuring probe with a diameter of six millimetres 
was used to exert the vacuum for three times on the 
skin surface for a period of one second, every time 
followed by one second of normal pressure. 
The following definitions for the different parameters 
were applied: 
• Maximal skin extension: deformation at the 

end of the vacuum period, which is time point t,; 
• Pliability: difference between the maximal 

deformation and the deformation after one 
second of normal pressure (deformation at t, 
minus deformation at t2); 

• Elasticity: extent of skin stretching within the first 
o.i second of the vacuum period (time point t01); 

• Retraction: relaxation of the skin within the 
first 0.1 second after the ending of vacuum (mea
sured at time point t,,) 

• Visco-elasticity: extent of skin stretching after the 
first 0.1 second of the vacuum period (deformation 
at t, minus deformation at t01). 



Dermal substitution in burns and reconstructive surgery: 
a clinical evaluation 

Figure4 Dermal substitution in reconstructive surgery: cosmetic and functional outcome 

Figure 4 shows a case report of a scar reconstruction of the left upper arm. Figure 4a demonstrates 
the full-thickness wound that was created to release a scar contracture. The dermal 
substitute had been applied in the medial part of the wound (the left side of the illustration). 
On the lateral side of the wound, the fat tissue was covered directly with a split-skin graft only. 
The take of the split-thickness autograft on top of the substituted and non-substituted site was 
good, as illustrated in Figure 4b. The cosmetic outcome after three months is shown in Figure 4c, 
whereas the functional outcome at this time point is illustrated by the plots of the Cutometer 
measurements in Figure 4d. Figure 4e shows the cutometer readings after twelve months. 

Figures Retardation of epithelialisation rate due to the interposition of the dermal substitute 

A full-thickness skin defect of the neck region 
for scar reconstruction, providing a marked 
example with respect to delay of revascularisa
tion and epithelialisation rate of the autograft, 
which was sometimes encountered after the 
interpositioning of a dermal substitute. 
The standard split-skin graft treatment was 
applied on the lateral side (in the illustration: 
right) whereas the experimental treatment 
with the dermal substitute was applied to the 
medial side. Figure 5a illustrates the difference 
between both treatment areas, six days 
post-surgery. Figure 5b illustrates the same 
areas three months post-surgery. Skin elasticity 
measurements are given in Figure 5c. 
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days post-burn. The category of burn wounds varied with respect to 
depth, type of debridement, and the method of graft expansion as 
well as the rate of expansion. In two cases with large expansion rates 
(1:4 and 1:6), the sandwich graft technique was performed. Charac
teristics of the wound type, debridement, as well as the type and 
location of treatment is given in Table 2. Bacterial swabs were rou
tinely taken for the burn wounds to establish the contamination 
rate at surgery. Wounds treated with the dermal substitute as well 
as the control wounds were contaminated in 22 cases at surgery. 
Staphylococcus aureus was present in 13 substituted and in 14 con
trol wound areas. Pseudomonas aeruginosa was cultured 4 times 
from substituted and conventionally treated areas. Other bacteria 
present at the time of surgery that were infrequently found were 
Escheria coli, Enterobacter, Flavobacterium, Streptococcus pneumoni
ae and faecalis. All types of bacteria were equally distributed over 
the experimental and reference wounds. 

Reconstructive surgery was performed on 44 scars of 31 consecutive 
patients, resulting in 88 wound areas that allowed the evaluation of 
44 pairs of substitute and conventionally treated sites. Seven patients 

Reconstructive 

Number of paired wound areas 

Number of patients 

Average age at surgery (SD) 

Average tota l burned body surface area (SD) 

Average third degree burned body surface area (SD) 

Acute burns 

42 

31 

32-9 (19-3) 

19.8(14.5) 

9.0(11.2) 

wounds 

44 

31 

33-9 (175) 

27.6 (17.5) 

20.3 (15.2) 

Number of male/female patients 18/13 20/11 

Number of inhalation injuries after burn injury 

Number of f lame burn 25 30 

Number of scald 5 1 

Number of steam injuries 1 o 

Table 1 Patient characteristics in both categories 
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(42 pairs) 

Location of treatment 

Neck 

Trunk 

Upper extremity 

Lower extremity 

Type of debridement 

Full-thickness wounds 

Type of expansion 

No expansion 

Mesh technique 

Meek-Wail technique 

1:4 2 (1 sandwich graft) 

1:6 

1:4 

1 (1 sandwich graft) 

(44 pairs) 

Axilla 

Arm 

Elbow 

Wrist 

Hand 

Groin 

Leg 

Knee 

Foot 

11 

-
10 

2 

2 

4 

2 

6 

3 

-

6 

5 

3 

2 

1 

5 

1 

-
5 

1 

Avulsion 

Tangential excision 

Scrubbing only 

Tangential excision 

Scrubbing only 

3 

14 

2 

17 

6 

-
-
-
-
-

1:1 

1:1.5 

1:2 

1:3 

16 

12 

7 

4 

40 

-
-

Table 2 Wound and treatment characteristics in both categories 
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that previously enrolled the study with acute burn wounds were 
subsequently included into the category of reconstructive surgery. 
The shortest period after the initial burn treatment was 49 days post-
burn, and the longest period was 39 years (average 4.7 years). The 
mean age of the patients was 33.9 (SD: 17.5) years at the time of 
reconstructive surgery. Patient, wound and treatment characteris
tics of the are given in Table 1 and 2. 

Wound site evaluation 

The take of the split-thickness autograft was defined as the per
centage of the graft that appeared to be vital and showed a good 
adherence to the wound bed five to seven days post-surgery. The 
take was assessed for both treatments at the same time point to 
allow paired statistical analysis. After the graft was revascularised, 
epithelialisation of the interstices of the graft was necessary to pro
vide complete wound closure. The wound was considered closed 
when more than ninety-five percent of the grafted surface area 
was epithelialised. The necessity of regrafting during the period of 
admittance was registered, which is regarded as being indicative 
for the final success of the initial transplantation. In two patients, 
the autograft became ineligible for early wound healing analysis 
because of the cadaver donor skin of the sandwich graft treatment 
that was placed on top of the graft. 

Scar elasticity parameteis: the Cutometer 

The Cutometer Skin Elasticity Meter 474 (Courage & Khazaka Elec
tronic GmbH, Cologne, Germany) was used for the evaluation of dif
ferent skin elasticity parameters since it was established as a reliable 
and valid instrument creating reproducible data'9. The Cutometer 
measures the deformation of the skin in millimetres during a con
trolled vacuum. The measurements were performed during outpa
tient visits three and twelve months after surgery. For this study, a 
measuring probe of six millimetres in diameter was used to exert a 
controlled vacuum of 500 mbar on the skin surface for a period of 
one second, followed by one second of normal pressure. Each mea
surement was repeated for three times. The same definitions were 
applied for the Cutometer parameters as stated previously in other 

146 



Dermal substitution in burns and reconstructive surgery: 
a clinical evaluation 

publications'9120. Figure 3 illustrates a deformation-time curve of the 
Cutometer and the derived parameters that are described below. 
The maximal skin extension is the deformation at the end of the 
vacuum period. Pliability is defined as the difference between the 
maximal deformation and the deformation after one second of 
normal pressure. Elasticity stands for the extent of skin stretching 
within the first 0.1 second of the vacuum period. Retraction is 
defined as relaxation of the skin within the first 0.1 second after the 
ending of vacuum. The difference between the deformation after 0.1 
second and the maximal deformation is defined as visco-elasticity. 

Scar contraction: Planimetry 

Scar contraction was evaluated through planimetry by photogra
phy, which was shown to be a reliable and accurate technique to 
objectify surface areas of skin lesions (this thesis, chapter 2). With a 
Polaroid Macro 5 SLR photocamera (Polaroid UK Ltd., Vale of Leven, 
United Kingdom), photos were taken at fixed distance resulting in 
full-size images (1:1 enlargement). Due to size of the scar generally 
three or four photos were required to register the entire surface 
area. The margins of the drawings were then traced on a plastic 
transparent sheet, scanned and transported to computer-software 
(Adobe Photoshop, Adobe Systems Inc., San Jose, California, USA). 
The surface area of the scar was calculated from the number of pix
els. The scar surface areas were measured during the operation and 
one year after surgery. A pilot-study demonstrated that margins of 
the operated acute burn wounds, which were clear at surgery, 
became indistinguishable to surrounding scar tissue. The category 
of burn scars was therefore not considered for planimetry analysis 
since the scar margins became elusive. Because margin blurring 
was also observed for reconstructive wounds, some study areas of 
this category had to be omitted from the contraction analysis as 
well. This decision regarding the accurateness of the measurements 
was based on clinical judgement. 

Clinical evaluation of scar tissue: the Vancouver Scar Scale 

A trained independent research nurse subjected all scars to the 
Vancouver Scar Scale during outpatient visits twelve months post-
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surgery through blinded evaluation. The Vancouver Scar Scale is 
generally utilised as a burn scar assessment tool2,i" and is a clinical 
evaluation of four parameters of scar tissue: vascularisation, pliabili
ty, height, and pigmentation. Pigmentation and vascularisation are 
visually determined. The height of a scar is measured with a simple 
measuring rod", whereas scar firmness is assessed by wrinkling a 
skin fold. The complete adapted Vancouver Scar Scale is listed below: 
• vascularisation: normal colour, pink, red or purple; 
• pliability: normal, supple, yielding, firm, ropes or contracture; 
• scar height: flat, less than 2 mm, between 2 and 5 mm, or more 

than 5 mm; 
• pigmentation: normal, hypo-, mixed or hyperpigmentation. 

Patient's impression 

The research nurse asked patients to give an overall impression of 
scars in both treatment groups. The impression was expressed on a 
numerical rating scale between zero and ten. Zero represents the 
worst imaginable scar whereas a ten stood for a scar not different 
from normal skin. 

Statistical analysis 

The data were analysed by the statistical program SPSS for Win
dows 8.0 (SPSS Inc. Chicago IL, USA). After being tested for normality 
by means of the Kolmogorov-Smirnov test, a paired sample t test 
could be applied for all parameters of the take-rate, the Cutometer, 
scar contraction and treatment preference. The McNemar test was 
performed on the dichotomous paired data of wound closure and 
regrafting. The Wilcoxon-signed-rank-test was performed on the 
semi-quantitative data of the Vancouver Scar Scale. The two-tailed 
significance criterion for these tests was set at 0.05, both the 95% 
confidence interval of the difference (CI) and p-value are given when 
appropriate. 
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Results 
Wound Site Evaluation 

In the category of burns, 40 of the 42 paired treatments of burn 
wounds were evaluated 6.5 days (SDa.5) after surgery. Two paired 
treatments became ineligible for assessment because the cadaveric 
skin of the sandwich graft made the autograft invisible. The dermal 
substitute caused a significant 9.1 percent take reduction in acute 
burn wounds (73.4% for substituted vs. 82.5% for non-substituted 
wounds, p=o.oi5). 
The group of reconstructive surgery was measured at 6.1 days (SD:o.8) 
after surgery. All reconstructive wounds were included for the wound 
evaluation and graft survival one week post-surgery. Although a sig
nificantly lower number of wounds were completely epithelialised 
after one week for substituted reconstructive wounds compared to the 
control wounds, no significant take reduction was established for this 
group. Figure 4 represents a case report of the category with scar recon
structions that includes the clinical application of the dermal substi
tute and the survival of the autograft after one week. 

Substitute Control p-value 

Average Take (SD) 

Number of wounds >95% closed 

Number of regrafted wounds 

Reconstructive wounds (n=44 of 44) 

Average Take (SD) 

Number of wounds >95% closed 

Number of regrafted wounds 

734 (21.0) 

9 

4 

80.8 (19.9) 

4 

0 

82.5(15.6) 

13 

2 

83.2 (20.6) 

15 

0 

0.015 

N.S.' 

N.S-

N.S. 

O.OOl ' 

N.S."' 

Table 3 Wound evaluation parameters one week after grafting 

paired sample t test, ' McNemar test 
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The impeded epithelialisation of substituted areas seemed related to 
the delay of revascularisation caused by the barrier function of the 
substitute. Figure 5 illustrates a marked difference in epithelialisa
tion between both treatment areas without hampering the effective
ness of the dermal substitute treatment after three months. Data of 
wound evaluation parameters of both categories are listed in Table 3. 

Cutometer 

Eighty-six percent of the burn scars (11=36) were analysed after three 
and twelve months. 
After burn surgery, no improvement was found of elasticity parame
ters in the substitute-treated wounds compared to the conventional 
treatment. An overview of the Cutometer results is listed in Table 4. 
Cutometer measurements were performed on 70% of the recon
structive wounds after 3 months and on 75% of the paired treatment 
areas after 12 months. Substituted reconstructive wounds demon
strated a significant improvement of pliability (the mean being 
increased with 50%, p<o.ooi), elasticity (33% increase, p=o.04), max
imal skin extension (33% increase, p=o.oo2) and the immediate re
traction (31% increase, p=o.oi) compared to nonsubstituted wounds. 
After one year, comparable (absolute) differences were measured 
between substituted areas and control areas, however at this time 
no statistical significance was reached. The relative effect of the der
mal substitute on skin elasticity parameters was decreased, as both 
sites became suppler (see Table 4). 

Planimetry 

Planimetry was performed only on scars in the reconstructive cate
gory. Burn scars were not considered for planimetry analysis because 
the margins consequently became elusive. Twenty-seven pairs of 
reconstructive scars (61% of 44 paired wounds) were measured with 
good accuracy with a mean follow-up of 393 (SD:io3) days. The re
maining scar area of the substituted area was not significantly dif
ferent from that of the control group: 70.7 (SD:34.3)% of the original 
wound area versus 76.3 (SD:394)%. This difference was not signifi
cant following the paired student t test (CI: -17.3 - 6.1, p=o.34). 
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Substitute Control 95% CI' 

Increase by Increase by 

p-value' substitute substitute 

Burn wounds 

3 months1 

Extension 

Pliability 

Elasticity 

Retraction 

Visco-elasticity 

72 months' 

Extension 

Pliabil ity 

Elasticity 

Retraction 

Visco-elasticity 

0.1S 

0.14 

0.13 

0.12 

0.05 

0.22 

0.17 

0.15 

0.14 

0.07 

0.18 

0.14 

0.13 

0.12 

0.05 

0.22 

0.18 

0.16 

0.15 

O.06 

-0.04 - O.05 

-0.03 - O.03 

-0.03 - 0.03 

-0.02 -0.02 

-0.01 -0.03 

-0.06 - 0.03 

-0.05 - 0.02 

-O.04 - O.02 

-0.04 - 0.01 

-0.02-0.01 

0.763 

0.985 

0.914 

0.915 

0.369 

0.470 

0.348 

0.374 

0.276 

0.742 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

-0.01 

-0.01 

-0.01 

0.01 

0 

0 

0 

0 

0 

0 

-6 

-6 

-7 

17 

Reconstructive wounds 

3 months' 

Extension 

Pliability 

Elasticity 

Retraction 

Visco-elasticity 

;2 months' 

Extension 

Pliability 

Elasticity 

Retraction 

Visco-elasticity 

0.24 

0.21 

0.16 

0.17 

0.08 

0.40 

0.35 

0.28 

0.29 

0.12 

0.18 

0.14 

0.12 

0.13 

0.06 

0-34 

0.30 

0.24 

0.23 

0.10 

0.02 - 0.10 

0.03 - 0.10 

O.OO - 0.06 

0.01 - 0.08 

0.00 - 0.05 

-0.04-0.14 

-0.03 - 0.13 

-0.03-O.10 

-O.OI - 0.12 

-0.01 - O.05 

0.002 

0.000 

O.041 

0.011 

0.079 

0.229 

0 245 

0.250 

0.074 

0.185 

0.06 

0.07 

O.04 

0.04 

0.02 

O.06 

0.05 

O.04 

0.06 

0.02 

33 

50 

33 

31 

33 

18 

17 

17 

26 

2 0 

Table 4 Cutometer results in both categories after three and twelve months 

1 Cl= Confidence Interval of the di f ference,2 paired sample t test; the days of fo l low-up (5D) 
were respectively3110 (29) days,4 350 (83) days,5102 (26) days, and 350 (95) days. 
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The Vancouver Scar Scale and patient 's opinion 

An independent observer subjected all areas to the Vancouver Scar 
Scale after one year and asked the patient to give his or her impres
sion (a score between o and 10). This evaluation was obtained for 37 
burn scar pairs (follow-up: 322 days, SD: 89) and 30 reconstructive 
scar pairs (follow-up: 322 days, SD:8g). The non-parametric data of 
the Vancouver Scar Scale showed no statistically significant differ
ence with the Wilcoxon signed rank test. Although more patients 
gave higher ratings for the substituted site compared to the control 
area for the burn category (6.0 versus 5.8) and scar reconstructions 
(6.6 versus 6.2) again no statistically significant difference could be 
established for this parameter. 

Discussion 
Dermal substitution is one of the main topics of current wound 
healing research. In this communication, an extensive objective and 
subjective evaluation is presented on the application of a dermal 
substitute in burns and reconstructive surgery. The dermal substi
tute, composed of bovine type I collagen and coated with a-elastin-
hydrolysate was selected for this trial after extensive laboratory10 

and animal4;";12 studies. 
Substitutes may act as a barrier for vascular ingrowth and may 
hamper diffusion of nutrients by increasing the distance between 
wound bed and the graft. Therefore, the survival of the overlaying 
graft can be at risk after dermal substitution. As others718 we indeed 
found a reduction of graft take for substituted wound areas of burn 
wounds. However, no significant influence was established on the 
number of regrafting procedures. This implied that the reduced 
graft take did not give rise to clinical consequences. 
For reconstructive wounds, no differences related to dermal substitu
tion were found between the experimental and control groups 
regarding graft take and regrafting. However, the rate of epitheliali-
sation seemed to be reduced in this group, since a significantly lower 
number was found to have a surface area that was more than 95% 
closed after five to seven days. Clinical observation of the autografts 
learned that these grafts sometimes required one or two days more to 
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obtain the same degree of revascularisation in substituted wounds 
compared to the non-substituted sites. This phenomenon is clearly 
illustrated by Figure 5. After six days, the autograft on the substituted 
area still appears oedematous without re-epithelialisation of the 
mesh-interstices, whereas the nonsubstituted area appears com
pletely epithelialised. Nevertheless, the survival of the autograft was 
comparable for both sites. The cosmetic result after three months is 
shown in Figure 5b, whereas the Cutometer measurements at the 
same time point (Figure 5c) indicates superior functional results for 
the substituted area compared to split skin grafting only. Others 
described the same phenomenon of the delay of revascularisation 
after the clinical application of an acellular freeze-dried human 
cadaveric dermal matrix8. These observations imply that the auto
graft required some days more to achieve complete revascularisation, 
probably as result of the increased distance for capillaries to reach the 
autograft. Our findings regarding graft take and graft colour indicat
ed that the collagen/elastin substitute served as a good template for 
vascular ingrowth, as was already established in the animal model23. 

The elasticity of the scar was objectified by means of the Cutometer. 
No differences were found for the burn wound category with respect 
to elasticity parameters after three and twelve months. For recon
structions, all skin elasticity parameters demonstrated an improve
ment of the substituted site compared to the control areas. In the 
short term, a statistically significant difference was found between 
both treatments in favour of the dermal substituted areas. The 
increase of maximal extension, elasticity, and retraction was more 
than thirty percent. For the pliability, the average of the measure
ments was even improved with fifty percent after dermal substitu
tion. These results demonstrated unequivocally, by means of objec
tive evaluation criteria, that this dermal substitute has the capacity 
to influence scar formation. Nevertheless, the relative effect of the 
dermal substitute was diminished in the long term, as the difference 
was not statistically different after one year. Notably, elasticity 
parameters of substitute and control areas were considerably 
improved in the period between three and twelve months because of 
scar maturation. The effect of maturation on skin elasticity is clearly 
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Control treatment Substitute treatment 

Figure 6. Scar maturation indicated by change in skin extension 

The increase of cutometer measurements in time (represented by skin 
extension) is illustrated as percentage of the measurements on normal 
skin. The results of the substitute and control treatment have increased 
in the same extent between three and twelve months, however the 
relative effect of the substitute was reduced. 

shown by the cutometer parameter 'maximal skin extension' for sub
stituted and control areas in Figure 6. As elastic qualities vary within 
an extensive range for different anatomical regions, we expressed 
this parameter as percentage of the measurements on healthy 
unburned skin. Figure 6 shows therefore exclusively skin extension 
measurements of those scar reconstructions that also allowed cuto
meter measurements of healthy unburned skin on a similar anatomi
cal location. 

Also, we were not able to establish a favourable effect of the substi
tute over conventional split skin grafting with respect to scar con
traction. Although scar contraction is generally regarded as a dis
turbing and severe complication of burn wound healing2*25, it has 
seldomly been studied in clinical trials. The lack of clinical studies 
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involving planimetry contrasts a high numbers of publications on 
this subject in animal wound models"'2126127. The encountered prob
lems therefore appear to be related to the clinical application of plani
metry This is in accordance with problems that we encountered for 
planimetry of burn scars as margins of the treatment areas became 
difficult to delineate. Figure 2 demonstrates that margins of the sub
stitute which were clear at surgery (Figure 2b) were hardly visible 
after one year (Figure 2c). Even for the group of scar reconstructions, 
pairs had to be excluded from the analysis as we encountered prob
lems with respect to the accurateness of the measurements. Appar
ently scars with a good healing tendency became comparable to the 
surrounding older scar tissue, which made them less accurately 
traceable. The scars that showed some degree of redness and hyper
trophy were traced more easily. 

After one year, no significant differences were observed between 
substitute and control areas by means of the Vancouver Scar Scale 
of both categories for vascularisation, pliability, pigmentation and 
scar height. This scale is the most generally accepted and evaluated 
burn scar assessment tool, nevertheless its application is not indis
putable with regard to the requirements for an acceptable measure
ment scale such as the reliability, internal consistency and validity . 
The reliability of the scale was discussed in the original publication 
on this scar assessment tool. A Cohen's K of approximately 0.5 was 
reported which has to be considered as moderate29. By the analysis 
of our data, a moderate internal consistency28 was established for 
this scale (Cronbach's «=0.51). We concluded that the Vancouver 
Scar Scale at present is not a 'scale' and needs adaptations (and 
retesting) before application as clinical scar assessment tool. This is 
in agreement with the conclusions of the original publication2'. We 
contemplate a different approach to the parameter 'pigmentation' 
that can not be considered as an ordinal variable. Therefore it can 
not be part of a scale. In accordance with other objective parameters 
and the Vancouver Scar Scale, no statistically significant differences 
could be established for the patient's impression between dermal 
substituted and control areas, despite higher ratings for the substi
tuted sites. 
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The presented data show that acute bums and reconstructive 
wounds have different outcome with respect to take and elasticity 
parameters when a dermal substitute is applied. Burn wounds are 
characterised by unfavourable wound conditions compared to the 
clear-cut reconstructive wounds. The dead burned tissue offers an 
environment for microbes to survive and to proliferate, moreover 
eschar is difficult to infiltrate for neutrophils and macrophages In
flammation processes during wound healing and the presence of 
potentially toxic products from bacteria as well as lysosomal en
zymes from dead autologous cells are able to induce degradation of 
the collagen compound of the dermal substitute30. In burn wounds 
the collagen scaffold of the substitute might therefore have been 
degraded in part due to higher levels of factors like metallopro-
teinases and attenuate its clinical effectiveness like elasticity 
When a dermal substitute is applied, capillary buds have to cover a 
longer distance to establish revascularisation with the autograft 
The supply of nutrients and leukocytes via blood will be retarded 
until revascularisation has occurred and the survival of the auto
graft is easily affected depending on the wound conditions We hy
pothesised that local conditions might hamper autograft survival in 
substituted areas of burn wounds. Like others7*, we found a signifi
cant decrease in autograft survival for burn wounds without an in
crease m the necessity of regrafting. 

These results emphasise the importance of wound conditions on 
the effectiveness of a delicate system such as a dermal substitute It 
seems appropriate that the improvement of the control over wound 
conditions will increase the clinical effectiveness of the dermal sub
stitute in burn wounds. 

Our data do not support a long-term clinical effectiveness of the 
dermal substitute in acute burns and scar reconstructions in gen
eral. Nevertheless, some results merit highlighting for the discus
sion on dermal substitution and future wound healing research. 
Firstly, it has been shown incontrovertibly by the Cutometer data 
that the dermal substitute actively interferes with tissue repair' 
Nevertheless, the beneficial effect of the substitute diminished in 
the long term as both the control and substituted areas regain elas-
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tic qualities. We also concluded that long-term outcome of split 
skin grafting in general was better than we expected. It is there
fore remarkable that, to our knowledge, this manuscript presents 
one of the first studies that objectifies long-term outcome of scar 
formation after split skin graft transplantation. 
Secondly, the effectiveness of the dermal substitute appeared to 
correlate to the expansion rate of autografts. The substituted site 
seemed smoother and suppler compared to the control sites, espe
cially for areas where large expansion rates of the graft were 
applied (see Figure 2c). We compared the effect for small expan
sion rates (1:1.5 and 1:2) and larger expansions (1:3 or larger) for 
burn wounds separately. In concordance with the clinical impres
sion, the substitute performed better in the group with large 
expansion rates (11=13) as Cutometer measurements were higher in 
this subcategory for substituted compared to control areas. For 
example, the parameter 'skin extension' was approaching statisti
cal significance (p=o.o86, CI -0.008 to 0.108), despite the small 
number of burn scar pairs of this subcategory. In addition, the 
parameter 'pliability' of the Vancouver Scar Scale showed a statis
tically significant difference in favour of the substituted areas 
(p=o.025) whereas the patient's impression was higher in this sub
category for the substituted site versus the control area (6.1 versus 
5.6, CI= -0.2 to 1.3, p=o.i03). We hypothesise that this effect is 
caused by the artificial dermis that bridges the interstices of the 
autograft. This could also explain the smoother aspect of the scars 
that was mentioned by the patients. Hypertrophy occurs most fre
quently and severely in these interstices of the meshed autograft 
and gives the scar a cosmetically disturbed texture. The artificial 
dermis 'replaces' the dermis of the graft, which is otherwise lack
ing in these gaps. This finding has clinical relevance, as the neces
sity for dermal substitutes will increase for larger wound areas. 
These wounds are normally treated with autografts with larger 
expansion rates. We consider these differences between smaller 
and larger expansions as promising findings that have to be con
firmed in a study design that concentrates on the application of 
dermal substitutes with larger expansions of autografts. It also 
indicates that the substitute is not completely degraded by toxins 
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and inflammatory products in burn wounds and it is able to inter
fere with wound healing. 
Scar evaluation after one year provided no statistical evidence that 
supports the application of the dermal substitute in acute burns 
and reconstructive surgery. Despite highly statistically significant 
differences in the reconstructive category in favour of substituted 
wounds over the short term, both substituted and control areas 
become suppler and approach the appearance and function of nor
mal skin in the long term. The clinical effectiveness of the colla-
gen/elastin dermal substitute in terms of improving skin elasticity 
seemed to be diminished in time. Wound conditions, i.e. the type 
of wound, and the expansion of the split skin graft that is applied 
on top of the dermal substitute are considered to play a crucial role 
on the effectiveness of the substitute. Further improvements, like 
the application of a dermal substitute that is seeded with autolo
gous fibroblasts, may render a more effective dermal substitute31. 
Experimental and clinical studies of this 'living' dermal substitute 
are in progress. 
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