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INTRODUCTION

When the full-thickness skin defect occurs, full-thickness skin 

graft (FTSG) or local flap is used in usual reconstruction method. 

However, for coverage of the large sized defect, the dermis cannot 

be reconstructed with these procedures, but it can be reconstruct-

ed with split-thickness skin graft (STSG). Therefore autologous 
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split-thickness graft is still considered as the mainstay for the 

treatment of the large skin defects caused by traumatic wound 

and after release of scar contracture
 
[1]. Despite of these versatility 

and advantages of skin graft, problems such as graft loss, scar con-

tracture, loss of elasticity, sensory impairment, adhesions of flexor 

tendons, and unfavorable aesthetic results including hypo- or hy-

per-pigmentation were regarded as the drawbacks accompanied 

with STSG [2-5]. To overcome these limitations, various and alter-

native methods have been attempted including regional flaps, 

FTSG, use of cultured human epithelium, alloplastic dermal sub-

stitutes or acellular dermal matrix (ADM) [6-9].
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Among these diverse methods, artificial dermal substitute or 

ADM graft combined with simultaneous STSG have been carried 

out effectively and easily nowadays. There are various kinds of 

dermal substances that have been developed, such as Integra (bo-

vine collagen-based), Matriderm (native bovine type I collagen fi-

ber template), and AlloDerm (freeze-dried extracellular matrix 

[ECM] derived from cadaver skin). Dermal substitute is an appro-

priate way to minimize scar contracture and to improve the qual-

ity of the grafted area in strained regions requiring elasticity, pli-

ability, and stability [9]. AlloDerm (LifeCell Corp., Branchburg, 

NJ, USA) is the most widely used. It is a freeze-dried product ob-

tained from the cadaveric skin and allowed to improve the struc-

ture of the dermis to contribute to wound healing and reduces 

scar contracture [10-12]. Matriderm (Dr. Suwelack Skin & Health 

care AG, Billerbeck, Germany) is a highly porous collagen-elastin 

matrix consisting of a native bovine type I collagen fiber template 

coated with an α-elastin hydrolysate derived from bovine liga-

mentum nuchae [9]. The structurally intact native collagen serves 

as an essential component of new ECM for the migration of cells 

and vascularization, and therefore MatriDerm provides a scaffold 

to restore the skin and modulates the formation of scar. Because 

this product contains elastin and collagen, reduces the tension 

and increases the elasticity of the newly formed skin when the 

wound is restored.

We used two types of dermal substitutes (CGDerm and Allo-

Derm) for full-thickness skin defects. One of the most popular 

dermal substitutes, AlloDerm, was extensively studied in vitro 

and animal tests and was found to be superior to other collagen 

materials with regard to wound-healing parameters [13-15]. A 

clinical study also proved that grafting AlloDerm improved der-

mal architecture and reduced scar contracture for small, acute 

uncomplicated wounds that did not require skin grafting for 

wound closure [16]. CGDerm is an another ADM derived from 

donated human skin, like AlloDerm, and provides a complex, 

three dimensional array of proteins that interact with one another 

and with host cells.

In this study, we investigated the clinical outcome of graft suc-

cess rate and evaluated skin quality by means of objective and 

subjective scar assessment tools for two types of ADM (CGDerm 

and AlloDerm) grafted skin. Also, we analyzed the quality of the 

grafted skin by comparing the value of elasticity, transdermal wa-

ter loss, erythema and melanin of both adjacent normal skin and 

grafted areas.

METHODS

Patients and method

We retrospectively analyzed the medical records of 78 patients 

with full-thickness skin defects who underwent surgery using 

acellular dermal substitute, such as CGDerm or AlloDerm, and 

skin grafting between December 2009 and June 2011. The Institu-

tional Review Board approved this retrospective study. Fifty-five 

patients in this study had a comparable sheet of ADM placed over 

the defect, and operators took care to place the basement mem-

brane side to the wound surface. The dermal thickness was not 

greater than 0.020-inches. Next, a split thickness skin (0.0080–

0.010 inches) was harvested from the lateral thigh and placed over 

the artificial dermis.

The 30 patients had full-thickness skin defects covered with 

ADM (AlloDerm). The other 25 patients underwent coverage 

with a newly developed ADM (CGDerm) and STSG. Both groups 

were retrospectively studied for comparative defects. Twenty-

three patients had skin graft without dermal substitute. Among 

78 patients, cases with partial graft loss were also included.

All patients underwent a standardized functional skin evalua-

tion 15 months after surgery.

A clinical trial was initiated to study the efficacy and survival 

rate in cases of full-thickness skin defects which required split 

thickness skin grafting to obtain wound closure. We also com-

pared skin qualities between the dermal substitute with the STSG 

and the surrounding normal skin. The objective parameters for 

skin quality were applied approximately 15 months after surgery 

considering scar maturation period. The Cutometer, Corneome-

ter, Tewameter, and Mexameter were used to evaluate objective 

skin quality. Additionally, we used a modified Vancouver scar 

scale (VSS) as a subjective scar assessment tool.
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Materials

We chose two acellular dermal matrices, AlloDerm and CG-

Derm, for this study. 

Alloderm regenerative tissue matrix (LifeCell Co., The Wood-

lands, TX, USA) is a freeze-dried ECM tissue derived from cadav-

er skin through a process resulting in the removal of all cellular 

components and residues. AlloDerm is the most popular artificial 

dermis that is used for skin defect. Acellular dermal matrix should 

be tolerable to graft rejection, and the role of the ECM is to prevent 

non-specific inflammation and degradation.

CGDerm (CGBio Co., Dae-woong Pharm., Seoul, Korea) is an 

ADM that is derived from cadaveric skin, from which the epider-

mis and dermal cells have been removed by freeze-drying. This 

matrix provides a complex, 3-dimensional array of proteins that 

interact with one other and with host cells. These proteins include 

networks of collagen, elastin, hyaluronan, and proteoglycan like 

AlloDerm. In comparative molecular analysis, more angiogenin, 

endostatin, pentraxin 3 and platelet factor 4 were observed in CG-

Derm. Because vascular channels and dermal architecture are re-

tained in CGDerm, it has the additional possibility of revascular-

ization, remodeling, and incorporation into the host tissue.

Evaluation tools

The Cutometer (Courage-Khazaka Electronic GmbH, Cologne, 

Germany), which is a reliable and valid instrument that creates re-

producible data, was used for the evaluation of skin elasticity. Each 

measurement was performed at the center of the area of interest 

(Fig. 1A). The Corneometer was used as a tool for analyzing the 

process of scar humidification over time, and the scar surface ar-

eas were measured (Fig. 1B). The Tewameter was used to measure 

transepidermal water loss, with the measurement of water evapo-

ration based on diffusion (Fig. 1C). The Mexameter is a tool used 

Fig. 1. Skin quality evaluation tools. (A) The Cutometer, which is a reliable and valid instrument that creates reproducible data, was used for the 
evaluation of skin elasticity. Each measurement was performed in the center of the area of interest. (B) The Corneometer was used as a tool for 
analyzing the process of scar humidification over time, and the scar surface areas were measured. (C) The Tewameter was used to measure tran-
sepidermal water loss, with the measurement of water evaporation based on diffusion. (D) The Mexameter is a tool used to measure melanin (pig-
mentation) and redness (erythema). Measurement of the melanin and erythema values is based on a source of light with three specific wave-
lengths whose radiation is absorbed and diffusely reflected by the skin.
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to measure melanin (pigmentation) and redness (erythema) (Fig. 

1D). Measurement of the melanin and erythema values is based 

on a source of light with three specific wavelengths whose radia-

tion is absorbed and diffusely reflected by the skin. A photo detec-

tor was used to analyze the diffuse reflection from the skin. If the 

skin is well supplied with blood, then the hemoglobin value is in-

creased. It is possible to evaluate the stimulation of the microcir-

culation before and after intervention by measuring the hemoglo-

bin value.

The postoperative scar was subjectively assessed using the 

modified VSS, which is generally used to assess burn scars
 
and in-

volves clinical evaluation of four parameters of scar tissue: vascu-

larization, pliability, height, and pigmentation [17]. Pigmentation 

and vascularization are visually determined.

A trained independent research nurse who was to the operative 

methods and procedures evaluated all scars using the VSS during 

outpatient visits 15 months after surgery.

Statistical analysis

T-test was used to compare the mean skin values and graft surviv-

al rates of the AlloDerm
 
group to the CGDerm

 
group. Compari-

son between the ADM group, which represents the mean of Allo-

Derm
 
and CGDerm

 
group, and the skin graft only group was also 

performed using t-test. Statistical significance was evaluated with 

a 95% confidence interval.

RESULTS

All patients underwent one-stage ADM and split-thickness skin 

grafting. Wounds were then dressed with a negative pressure 

dressing (vacuum assisted closure). All the graft donor site wounds 

were healed on the 7th to 8th postoperative day (average, 7.7 days). 

Wound related complications were not noted. 

The numbers and types of injuries of grafted skins were listed 

in Tables 1, 2. The CGDerm
 
group had a 93% graft survival rate. 

Among the 25 patients treated with CGDerm, four patients had 

partial skin loss. However, these patients experienced adequate 

secondary healing. The AlloDerm group had a 92% graft survival 

rate. Similar to the CGDerm group, four patients experienced 

partial graft loss and all healed well with secondary wound heal-

ing. There were no significant statistical differences in skin graft 

survival rate between the conventional dermal acellular matrix 

(AlloDerm) and the newly developed dermal substitute (CG-

Derm) groups (Table 3). Comparing the CGDerm grafted skin 

area to the surrounding normal skin, the mean elasticity value 

was 87%. The hydration and skin barrier values were 86% and 

82%, respectively (Table 3). The AlloDerm grafted skin values for 

elasticity, hydration, and skin barrier were 84%, 85% and 84%, re-

spectively, compared to those of the surrounding normal skin. 

There were no statistical differences between the CGDerm and 

AlloDerm groups in graft survival rate or objective skin analysis 

values (elasticity, hydration, and skin barrier) (Table 3). Skin dark-

ness as measured with the Mexameter was different from the ad-

jacent normal skin in the CGDerm and Alloderm
 
groups, and the 

intergroup difference was not statistically significant (Table 3). 

Through the result, about elasticity value of the grafted skin with-

Table 1. Patient demographics, location of operative wound (number)

CGDerm graft 
group

AlloDerm graft 
group

Skin graft only 
group

Neck 1 0 2

Chest wall 2 1 1

Back 0 1 0

Inguinal area 0 2 1

Forearm 12 16 4

Thigh 4 1 5

Lower leg 1 3 4

Foot 5 6 6

Total 25 30 23

Table 2. Patient demographics, type of injuries (number)

  CGDerm 
graft group

AlloDerm 
graft group

Skin graft 
only group

Trauma 7 14 8

Burn 12 13 9

Nevus 1 1 0

Postoperative scar 1 2 4

Etc. (DM foot, Marjolin’s ulcer) 4 1 2

Total 25 30 23

DM, diabetes mellitus.
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out dermal substitute was 0.24 as normal surrounding skin value 

was 0.38 which accounts for 63%. Extension, retraction and pli-

ability values were 0.32, 0.27, and 0.30 in non-dermal substitute 

group. They were about 78%, 69%, and 73% as compared with 

normal surrounding skin (Table 3). Comparable results between 

ADM group and the skin graft only group were listed in table III. 

In the Cutometer which represents elasticity of skin, ADM grafted 

skin showed 0.51±0.12. Non dermal matrix grafted skin showed 

0.42±0.17. The p-value between two groups revealed less than 

0.001. Also Corneometer which represents hydration of skin 

showed that grafted skin with ADM was statistically better hydra-

tion value (acellular dermal matrix grafted skin: 41±8.02; non der-

mal matrix grafted skin: 34±7.48; p-value <0.001). Tewameter 

which represents skin barrier showed higher value in ADM graft-

ed skin. But there was no statistical difference (Table 4).

The subjective scar assessment results revealed similar VSS val-

ues in the CGDerm group and the AlloDerm group. The overall 

scar index was 3.33 in the CGDerm group and 3.5 in the Allo-

Derm
 
group. The acellular dermal substitute group had a better 

VSS score than the non-dermal substitute group (Table 5).

Case reports

Case 1 
A 53-year-old man had a hypopharyngeal cancer. Wide excision 

and right radical neck dissection was performed by otorhinolar-

yngology team. The patient had a 5×6 cm full thickness skin de-

fect on left forearm area after flap elevation (Fig. 2A). The CG-

Derm was applied to the defect area immediately (Fig. 2B). The 

patient showed 100% of graft survival rate. After 18 months, the 

surface of the CGDerm grafted area appeared cosmetically satis-

factory, and there was not impairment during excursion of fore-

arm flexors (Fig. 2C, D). On the skin analysis, the mean percent-

age of the value for grafted skin to surrounding normal skin about 

elasticity, hydration and skin barrier values were 89%, 85%, and 

87% respectively. Overall modified VSS noted 3.0 (Fig. 2C, D).

Case 2
An 8-year-old girl had a hypertrophic scar on her right dorsum of 

the foot. The hypertrophic scar was completely excised out (Fig. 

3A). Immediately after excision of the hypertrophic scar, CGDerm 

and autogenous skin graft was done at a 6×4 cm sized defect (Fig. 

3B, C). Twenty-four months later, reliable result was obtained cos-

metically and functionally (Fig. 3D). This patient showed 100% at 

graft survival rate. On the skin analysis, the mean percentage of 

the value for grafted skin to surrounding normal skin about elas-

ticity, hydration and skin barrier values were 86%, 88%, and 85% 

respectively. Overall modified VSS noted 3.5 (Fig. 3D).

DISCUSSION

In this study, we evaluated the ADM allograft group in compari-

son with the skin graft only group with regard to skin graft sur-

vival rate and skin quality. Many experiments have demonstrated 

Table 3. Comparable mean skin values and graft survival rates in the 
acellular dermal substitute and non- dermal substitute groups 15 
months after surgery 

Evaluation tool Cutometer 
(elasticity)

Corneometer 
(hydration)

Tewameter
(skin barier)

Mexameter
(melanin/
erythema 

value)

Graft 
survivial 

rate

CGDerm group 
(%)

87 86 82 1.31 93

AlloDermgroup 
(%)

84 85 84 1.51 92

Skin graft only 
group (%)

63 78 69 2.12 86

Table 4. Comparable results between skin graft with acellular dermal 
matrix and skin graft without dermal matrix 

Evaluation tool Cutometer 
(elasticity)

Corneometer 
(hydration)

Tewameter
(skin barier)

Graft survival 
(%)

Acellular dermal 
matrix group (n=55)

0.51±0.12 41±8.02 10.4±5.21 92

Skin graft only group 
(n=23)

0.42±0.17 34±7.48 9.8±6.82 86

p-value <0.001 <0.001 0.32

Table 5. Comparative Vancouver scar scale values in the CGDerm 
and AlloDerm groups 15 months after surgery 

Skin quality Pigmentation Height Flexibility Vascularization Sum 

CGDerm group 1.08 1.20 1.08 0.25 3.33

AlloDerm group 1.25 1.00 0.87 0.38 3.5

Skin graft only group 2.91 2.74 2.15 0.80 5.8
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Fig. 3. (A) An 8-year-old girl had a hypertrophic scar on the dorsum of her right foot. (B, C) Immediately after excision of the hypertrophic scar, 
CGDerm graft and an autologous skin graft were undergone on the defect site. (D) Twenty-four months later, positive cosmetic and functional 
results were reported.

A

C

B

D

Fig. 2. Clinical application of a new dermal substitute to the radial forearm free flap donor site. (A) A 53-year-old man had a 5×6 cm raw surface 
on the left radial forearm after flap elevation. (B) CGDerm was immediately applied to the defect area. (C, D) After 18 months, the surface of the 
CGDerm grafted area was cosmetically satisfactory, and there was not impairment during excursion of forearm flexors.
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the effectiveness of dermal substitutes. Since its introduction in 

the late 1980s, Integra dermal regeneration template, an irrevers-

ibly cross-linked collagen/glycosaminoglycan matrix, has been 

widely used for dermal replacement in reconstructive surgery [10-

12,18]. Because it has some drawbacks, alternative matrices have 

been developed that consist of less densely packed collagen fibers. 

Collagen-elastin matrix (MatriDerm, Dr. Suwelack, Skin and 

Health Care AG, Billerbeck, Germany) is not chemically cross-

linked and is one of the alternatives for reconstructive surgery that 

has demonstrated positive effects on the acceleration of improve-

ment in the quality and functionality of skin reconstruction 

[19,20].

Another alternative option is acellular dermal matrix. A prior 

study has compared the effects of dermal substitutes on wound 

healing, demonstrating that human skin-derived products, such 

as ADM, produced the minimal amount of contraction and a 

thicker newly developed dermis in the healed wounds in compar-

ison with control or synthetic dermal substitutes [19]. Prior re-

search has shown that the application of acellular cadaver dermis 

is extremely useful in the fields of burn care and reconstructive 

surgery [18,20].

Acellular dermal matrix contains collagen and elastin, which 

control tensile strength and elasticity; proteoglycans that induce 

angiogenesis; laminin that maintains binding with the connective 

tissues; and basement membrane that consists of collagen type IV. 

CGDerm shares a similar molecular structure with AlloDerm 

and is also produced via freeze-drying.

In our results, we applied both subjective and objective scar 

tools to evaluate the quality of the grafted skin. The elasticity, hu-

midification, skin barrier, and darkness of the postoperative scar 

were objectively assessed after 15 months using the Cutometer, 

Corneometer, Tewameter, and Mexameter. We found no signifi-

cant differences between the two matrices in regard to graft suc-

cess rate, postoperative scar elasticity, humidification, or skin bar-

rier. Additionally, the subjective scar assessment revealed similar 

VSS values in the CGDerm
 
group and the AlloDerm group. Also 

the ADM group was more effective than skin graft only group in 

skin quality when comparing both objective and subjective skin 

parameters. However, there are limitations in our research. First, 

there can be some bias due to selecting proper surrounding nor-

mal skin. It was complicated and doctor’s own subjective compar-

ison was performed. Even though same anatomical portion 

would be included, some wounds like burn involving whole lower 

leg including knee area had difficulties about choosing proper 

normal skin at surrounding area. The second limitation of this 

study was relatively short follow-up period which was 15 months 

after the operation. More long-term follow-up is needed for scar 

maturation.

Our results suggest that the skin grafting accompanied with 

ADM allograft gives positive effects about skin quality for skin re-

constructive surgery. Moreover, a new dermal substitute (CG-

Derm) demonstrated comparable results with regard to elasticity, 

humidification, and skin barrier effect when compared to a con-

ventional dermal substitute (AlloDerm). 
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