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ABSTRACT

Split-thickness, unmeshed skin grafts potentially in-
hibit wound contraction but not to the same degree as do
full-thickness skin grafts. Thus, the presence of normal
dermis was an important factor in the control of wound
contraction and limitation of scar formation. The aim of
this study was to evaluate the ability of an acellular dermal
matrix processed from human allograft skin (AlloDerm) in
the treatment of deep partial-thickness and full-thickness
burn injury. Deep burn wounds in 11 patients (their ages
range between 9 and 45 years and their mean total burned
body surface area was 30%) were excised to subcutaneous
fat, or fascia. Samples of AlloDerm were examined histo-
logically to confirm its morphological properities. Follow-
ing rehydration, AlloDerm was placed over the test sites,
which were then covered with ultra thin split-thickness au-
tograft. The control site was grafted with ultra thin split-
thickness autograft alone. The clinical observations of
"take" were confirmed with histological evaluation of the
biopsies, which exhibited fibroblast cells infiltration, neo-
vascularization and neoepithelization without evidence of
rejection. Wound assessment over time showed that thin
split-thickness autografts plus allograft dermal matrix
were similar to thicker split-thickness autografts. In con-
clusion, AlloDerm acellular dermal graft conserve as der-
mal transplant for deep-partial and full thickness burn.

INTRODUCTION

Early excision and grafting of burns in pa-
tients with extensive thermal injuries have
shorted hospitalization times, decreased the
number of infectious complications and have
probably increased patient survival [1-6]. Full-
thickness burn wounds are frequently closed
with meshed and expanded split-thickness skin
grafts (MESTSGs) because of the lack of avail-
able unburned skin to serve as sites for auto-
grafts. There is no dermis beneath the healed
graft interstices as the MESTSG interstices
close by means of epithelization over the full-
thickness wound surface.The lack of dermis,
extensive remodeling for extracellular matrix

61

and differentiation of fibroblasts into myofibro-
blasts may contribute to hypertrophic scaring
and wound contraction and to instability of the
skin, for example, basement membrane struc-
tures are slow to form in the absence of dermal
tissue. Split-thickness, unmeshed skin grafts
partially inhibit wound contraction but not be
the same degree as do full-thickness skin grafts.
Thus, the presence of normal dermis has been
postulated to be an important factor in the con-
trol of wound contraction and limitation of scar
formation [7-9].

Harvesting too much dermis contributes to
donor site morbidity, including pain, infection,
scarring and in some patients, keloid formation.
This is particularly a problem in massive burn
injuries, where limited donor sites must be re-
cropped and in children and the elderly, who
have thin skin.

The potential use of allograft donor skin as a
permenant skin replacement in full-thickness
burns is limited by its immunogenic properties.
Allograft skin grafts will routinely take to a
full-thickness wound, but are ultimately reject-
ed [10]. This immune response to allograft skin
is directed primarily against the cells of the epi-
dermis [11] and the endothelial and fibroblast
cells in the dermis [11,12]. The non-cellular
components of dermis, consisting primarily of
extracellular matrix proteins and collagen, have
been shown to be relatively non-immunogenic
[13]. The complexity of removing the immuno-
genic cells from the non-immunogenic dermis
of allograft skin has previously restricted its use
to temporary coverage of full-thickness burns
[14,15].
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The concept of permanent transplantation of
a non-immunogenic, extracellular tissue matrix
has been clearly illustrated with the more robust
matrix of bone. Freez dried bone allografts have
been successfully used as permanent bone im-
plants for many years [16]. The cells in these al-
lografts are destroyed during the freez-drying
process, but the structural organization of the
extracellular matrix remains intact. These allo-
grafts provide an environment for osteogenic
cell repopulation and osteoinduction with sub-
sequent matrix remodelling and new bone for-
mation [17].

The AlloDerm (Life Cell Corp, The Wood-
lands, Texas) process is designed to reduce the
immunogenicity of allograft dermis by remov-
ing the cells that contain the antigenic targets
for rejection, while maintaining the native
structure and composition of the dermal matrix,
including the basement membrane complex
(BMCO). Therefore, in this study we try to evalu-
ate the histological character of the AlloDerm
as non-immunogenic acellular dermal matrix
and its clinical application to function as a per-
menant dermal transplant and potentially en-
hance the quality of skin grafts applied to full-
thickness and deep partial thickness burns,
while reducing donor site trauma and complica-
tions.

MATERIAL AND METHODS

This study was carried out on 11 patients (7
males and 4 females). Whose ages ranged be-
tween 9 and 45 years. They were admitted to
the burn unit in Mansoura University Hospital
after sustaining mixed deep partial and full-
thickness flame burn in house fire. Their mean
total burned body surface area was 30%. Pa-
tients were grafted, on average of 2 weeks of
injury, with some as late as 37 days.

Application of AlloDerm to wounds:

The AlloDerm package was opened in the
operating room, the freez-dried dermal matrix
was washed twice in a minimum of 100 ml nor-
mal saline solution or lactated ringer's solution
at room temperature and then rehydrated in at
least 100 ml of the same solution for at least 20
minutes before application (Fig. 1). Each
wound site was excised to subcutaneous fat, or
fascia (Fig. 2). Haemostasis was achieved with
electrocoagulation. Following haemostasis, a 10
x 10 cm piece of the rehydrated dermal matrix
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was meshed but not expanded and applied to
the test site (Fig. 3), covered with an ultra thin
split-thickness autograft (range, 0.006 to 0.008
inch) (Fig. 4) and affixed to the wound margins
with staples or stitches. The control site re-
ceived an ultra thin split-thickness autograft
alone (Fig. 4). Split-thickness skin grafts were
harvested with the brown electric dermatome or
Watson skin graft knife.

Dressing of wounds:

Dress the wounds with a primary layer of
non-adherent petrolatum or ointment impreg-
nated gauze, covered by damp saline-solution
gauze and an outer-pressure dressing. Antibio-
tics in the ointment or the saline-solution were
optimal. The primary inner-dressing layer
(against the graft) was not to be changed until
day 5 to day 7. The outer layers could be
changed as early as day 1.

Evaluation of wounds:

Wounds were examined and photographed
on days 7 and 14 after grafting and at intervals
thereafter. Intervals for subsequent formal
wound evaluations were 4, 12 and 24 weeks af-
ter grafting. Wounds were scored for the per-
centage of "take" of the overlying ultra thin
skin graft and for the following clinical parame-
ters: (1) cosmetic appearance; (2) elasticity; (3)
smoothness (4) elevation; (5) durability. Donor
site was also evaluated. Cosmesis was evaluat-
ed by determining if the two sites were equal or
one was either slightly or significantly better
than the other. Elasticity was assessed by com-
paring each site with normal skin using the re-
sponse to digital pressure and pinching between
the thumb and index finger as the measured pa-
rameters and expressing this as a percentage of
normal. Other characteristics observed were
colour, smoothness, elevation and durability.

Histological evaluation:

Histological and immunohistochemical ex-
amination were performed on AlloDerm materi-
al to evaluate its morphological structure. Sam-
ples were taken from both AlloDerm after its
rehydration during operation and control skin
(autograft). They were divided into 2 portions.
The first portion was fixed in 10% neutral buf-
fered formalin. Seven-micron sections were cut
from paraffin-embedded tissue and stained with
haematoxylin and eosin (Hx & E) and Ve-
rhoeff-Van Gieson's stain [18] to determine the
distribution of collagen and elastin fibers in Al-
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loDerm material compared to control skin. The
second part of the specimens was cryoprotected
in 20% sucrose and frozen in a low-temperature
embedding medium. Seven micron Cryo-cut
sections were obtained and mounted on clearn
coated-glass slides and stained immunohisto-
chemically with monoclonal antibodies directed
against type IV collagen (Clon No Col-94,
1926), type VII collagen (Colon no LH, 2.7, Cb
805), Laminin (Clon no LAM-89, L8271), ma-
jor histocompatibility complex (MHC) class I
(clon no W6132, H1650) and class II (clon no
HK19, C0817) (Sigma, St. Louis, Mo) using in-
direct peroxidase conjugate procedure of Na-
kane [19]. After that, a peroxidase-conjugated
goat anti-mouse IgG was added. Antibody bind-
ing was visualized with amino-ethyl carbazol
hydrochloride (AEC) staining kit (Sigma) to
give the colored end product. The sections were
counter-stained with Mayer's Hx and cover slip
while still wet in glycerol gelatin. The slides of
control skin (autograft) were served as positive
control. Negative control slides were put under
the same conditions after omitting primary anti-
bodies or incubated with phosphate buffered sa-
line only.

Tissue biopsies were obtained from Allo-
graft dermal matrix (test sites) and control (au-
tograft) wounds at postoperative weeks 2, 4, 12,
24 respectively. Paraffin sections were prepared
and stained with Hx & E and Verhoeff-Van
Gieson's stain to identify the persistence of Al-
loDerm matrix constituents (collagen-elastin)
and the progress of healing process after graft-
ing.

RESULTS

Clinical evaluation:

The mean "take" at 14 days after surgery
was 98% for dermal matrix, 97.7% for the thin
overlying autograft and 99.5% for the control
site (Table 1). The differences in "take" did not
reach statistical significance for any of the con-
ditions because of the low number of patients in
each group.

The comparison of the cosmotic appearance
and elasticity of the test and control sites was
performed by both the patient and the treating
surgeon (Table 2).

As compared to the control site, the elastici-
ty of the site receiving AlloDerm was equiva-
lent after 4 weeks of grafting. However, after 8
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weeks the control site developed occasional
traumatic blistering whereas the site receiving
AlloDerm did not. Moreover, after 12 weeks
the site receiving AlloDerm showed increased
elasticity, a smoother, less elevated surfaces
and overall improved cosmesis (Fig. 5).

The donor site where the ultra-thin autograft
was harvested for use over the AlloDerm graft,
was scarcely visible. The area showed no eleva-
tion, had good skin colour and no discomfort.
Cosmetic appearance of the ultra-thin donor
sites was determined excellent by both the phy-
sician and the patient (Fig. 6).

Histological evaluation:

Histological staining of the AlloDerm mate-
rial with Hx & E and Verhoeff-Van Gieson's
stains before grafting showed the normal distri-
bution of collagen and elastin fibres throughout
the dermis compared to control skin. However,
there was no epidermis or cellular material in
the AlloDerm (Figs. 7 & 8).

Immunohistochemical staining of AlloDerm
material before grafting showed the morpholog-
ical structure of the BMC and the extracellular
matrix component. The BMC contained type IV
collagen which revealed positive staining at the
dermal-epidermal junction and at the dermal
blood vessels (Fig. 9). It also contained highly
specialized type VII collagen (Fig. 10). Lami-
nin was already present at the BMC at the der-
mal-epidermal junction and was associated with
dermal vascular structures (Fig. 11). The stain-
ing for MHC class I and class II revealed that
the control human skin was immunoperoxidase
positive for MHC class I antigen on keratinocy-
tes, dermal endothelial cells and fibroblasts.
However, there was a complete absence of
staining on AlloDerm (Fig. 12). As regard to
MHC class II antigen, an immunoperoxidase
positive staining was observed on Langerhans
cells of the epidermis and the endothelial cells
of the dermis while the sections of AlloDerm
were negatively stained (Fig. 13).

Two weeks after grafting the specimens
showed re-epithelization of the entire basement
membrane of the AlloDerm. The migrating ke-
ratinocytes formed a multilayered epidermis
with early keratinization. There was substantial
ingrowth of fibroblasts and the inflammatory
cell infiltrate was not observed within the der-
mal matrix. There was also substantial dermal
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revascularization that reappeared to follow the
original vascular channels in the dermal matrix
(Fig. 14).

Specimens obtained at postoperative week 4
showed normal distribution of collagen and
elastin fibers in dermal matrix. After 12 weeks
of grafting fine elastic fibers typical of papillary
dermis appeared at the site that were grafted
with AlloDerm. However, the elastin fibers
were absent at the autografted (control) sites
(Fig. 15). By the end of week 24 after grafting,
the biopsies revealed a flat dermal-epidermal
junction and disorganized dermal architecture
at the autografted sites. In contrast, the sites
grafted with allograft dermal matrix exhibited
the dermal-epidermal undulations and dermal
architecture typical of papillary dermis (Fig.
16).

Fig. (1): Rehydration of AlloDerm in normal saline or lac-
tated ringer's before application.

Fig. (3): Application of AlloDerm graft to test site.
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Table (1): Take rates.

Site Treatment Mean "take" rate %
Control  Ultra thin split-thickness 99.5%
skin graft
Test Dermal matrix 98%
Ultra thin STSG over 97.7%

dermal matrix

Table (2): Long-term clinical profile of graft sites.

Test (¢) / control (C)
Parameters
4 weeks 8 weeks 12 weeks
Elasticity 30%/30% 60%/30% 75%/0%
(% normal) #
Cosmesis T=C T>C T>C
(patient)
Cosmesis F/F F/F G/P
(Surgeon)*

# Elasticity is measured as normal, where normal is the elasticity
of an adjacent section of undamaged skin.

* Sugeon's assessment of cosmesis was rated as poor (P), fair (F),
good (G).

Fig. (2): Deep burn wound was debrided and haemostasis
established prior to grafting.

Fig. (4): Application of an ultra-thin autograft over Allo-
Derm and over control site.
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Fig. (7): A photomicrograph of paraffin sections of (A) control human skin and (B) AlloDerm material. Note the absence of
cellular material and the epidermis from the AlloDerm and the maintenance of extracellular matrix structural integrity as
collagen (arrows) and elastin fibers (crossed arrows) (Hx & E X 250).

Fig. (8): A photomicrograph of paraffin sections of (A) control human skin and (B) AlloDerm material. The elastin fibres
stain dark blue (arrows) and persist in a normal papillary pattern in the AlloDerm (Verhoeff-Van Gieson X 250).
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Fig. (9): A photomicrograph of frozen sections of (A) control human skin and (B) AlloDerm material showing immunoperox-
idase positive staining for type IV collagen at the BMC of both dermal-epidermal junction (arrows) and dermal blood
vessels (crossed arrows) (Immunoperoxidase X 400).

Fig. (10): A photomicrogaph of frozen sections of (A) control human skin and (B) AlloDerm material showing immunope-
roxidase positive staining for type VII collagen which is restricted to the BMC of the dermal-epidermal junction (arrows)
of both control and AlloDerm material (Immunoperoxidase X 400).
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Fig. (11): A photomicrograph of frozen sections of (A) control human skin and (B) AlloDerm material showing immunope-
roxidase positive staining for laminin. Note the distribution of the reaction at the BMC of both dermal-epidermal junction
(arrows) and the dermal blood vessels (crossed arrows) of both control and AlloDerm material (Immunoperoxidase X
250).
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Fig. (12): A photomicrograph of frozen sections of (A) control human skin and (B) AlloDerm material. (A) shows immuno-
peroxidase positive staining for MHC class I antigen on keratinocytes (K), dermal endothelial cells (arrow) and fibro-
blasts (crossed arrow). (B) shows complete absence of staining from the AlloDerm (Immunoperoxidase X 400).

Fig. (13): A phoptomicrograph of frozen sections of (A) control human skin and (B) AlloDerm material. (A) shows immu-
noperoxidase positive staining for MHC class II antigen on langerhans cells of the epidermis (arrow) and endothelial
cells of the dermis (crossed arrow). (B) shows the negative stain of AlloDerm (Immunoperoxidase X 400).

Fig. (14): A photomicrograph of paraffin sections of skin biopsies from AlloDerm covered with ultra thin skin graft 2 weeks
after grafting (A) shows multilayered keratinized epidermis (arrows). (B) shows normal fibroblasts repopulation (crossed
arrows) and blood capillaries (head arrows) (Hx & E X 400).



68

Vol. 27, No. 1 | Alloderm in Full-Thickness Burns

Fig. (15): A photomicrograph of paraffin sections of skin biopsies from (A) autografted (control) site and (B) AlloDerm cov-
ered with ultra thin partial-thickness skin graft after 12 weeks of grafting. (A) shows the absence of elastin fibers at the
dermis. (B) shows the fine elastic fibers typical of papillary dermis (arrows) (Verhoeff-Van Gieson X 400).
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Fig. (16): A photomicrograph of paraffin sections of skin biopsies from (A) autografted (control) skin and (B) AlloDerm cov-
ered with ultra thin partial-thickness skin graft after 24 weeks of grafting. (A) shows a flat dermal-epidermal junction (ar-
row). (B) shows the dermal-epidermal undulations (crossed arrows) and dermal architecture typical of papillary dermis

(Hx & E X 160).

DISCUSSION

Surgeons are well acquainted with the fact
that thick split-thickness autografts yield the
best cosmetic results in burn victims. However,
there is significant donor site trauma associated
with thick autografts. This trauma translates
into delayed donor site healing, longer periods
of time between recroppings, scar formation or
altered pigmentation at the donor site, longer
hospitalization and higher risk of donor site in-
fection. With greater number of patients now
surviving significant burn injuries, the burn sur-
geon's focus is now directed toward maintain-
ing or improving the functional and cosmetic
quality of burn wound healing while simultane-
ously reducing donor site trauma.

Attempts to restore the critical function of
dermis while minimizing donor site trauma
have led to the recent development of several

biosynthetic dermal analogs. These analogs are
typically composed of neonatal fibroblasts, cul-
tured in sheets of a woven material such as pol-
yglycolic acid, bovine collagen gel or cross-
linked collagen-glycosaminoglycan matrix [20-
22]. These biosynthetic dermal substitutes have
been widely studied in animal models, but have
gained little accepted as dermal substitutes in
the treatment of full-thickness burns. The role
of these dermal substitutes was based on the
premise that the matrix or mesh supporting the
cultured fibroblasts will degraded in the wound
healing process, leaving behind the fibroblasts
and their secreted dermal proteins [23]. It was
reported, that only fetal fibroblasts in utero are
capable of regenerating dermal extracellular
matrix without scarring [24]. However, mature
fibroblasts repair damaged dermis through the
formation of granulation tissue, which matures
to scar tissue.
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The observation that mature fibroblasts do
not regenerate the complex architecture of der-
mis, focused attention on the matrix deficit in
full-thickness injury and prompted the develop-
ment of a process to generate a structurally and
biochemically intact acellular allograft dermal
matrix (AlloDerm), intended to function as a
template for dermal regeneration [25,26].

In the present work, the morphological as-
pect of the AlloDerm material showed the char-
acteric normal pattern of collagen and elastin
bundles. Immunohistochemally, the BMC at the
dermal-epidermal junction was intact and con-
tained type IV collagen, Laminin and highly
specialized type VII collagen. The BMC of the
allograft dermal matrix supported the migration
and attachment of keratinocytes from the over-
lying split-thickness autograft. The importance
of basement membrane integrity in the normal
process of wound healing has been reported by
Chetty [27], who demonstrated that the BMC
under blisters in burn patients receiving meshed
grafts was reduced and/or irregular. Another ev-
idence of the importance of a continuous BMC
comes from previous clinical trials done by
Compton and his colleagues [28], in which cul-
tured keratinocytes sheets were grafted onto
full-thickness burn wounds. These grafts result-
ed in the formation of fragile skin and blistering
problems. In the current study, histological
analysis showed that the keratinocytes preferen-
tially attached to the BMC of the grafted ma-
trix, 2 weeks post surgery. This indicates that
the meshed autograft functioned primarily as a
carrier or delivery vehicle for keratinocytes and
the BMC is important for attachment and diffe-
rentiation of epidermal grafts. The attachment
of keratinocytes is dependant on retention of
Laminin and type IV collagen in the BMC as
they ensure strong physical bonding of epider-
mis to dermis [29,30]. Laminin has been consid-
ered as the major non collagenous component
of the BMC. It is important for cell attachment
and maintainence of the differentiated state of
epithelial and endothelial layers that are inti-
mately associated with the BMC [31,32].

The normal collagen bundle pattern and the
presence of elastin were evident in the biopsy at
week 4 postsurgery. These results correlate
with the clinical observations of a durable
wound cover without blistering or fragility.
Since AlloDerm dermal grafts contained elastic
fibers and the turnover of elastin is approxi-
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mately 2-3 years [28], this component of the Al-
loderm-dermal graft has persisted in the graft
site and absent from control site. The preserva-
tion of these dermal component explain the su-
periority of elasticity and cosmesis of the der-
mal matrix when compared to the control site.

Collagen fibers in scar tissue are oriented in
dense bundles parallel to the lines of stress
while elastin is typically absent [33]. Abnormal
orientation of collagen and the absence of elas-
tin in scar tissue, are causative factors in scar
contracture [34]. However, our results revealed
that the dermal architecture has been main-
tained during tissue remodeling with more ran-
domized collagen bundle organization. This
picture might prevent scar formation [35,36].

It has been reported that the immunogenicity
of the epidermis is high whereas that of the der-
mis is low [13]. This has led to the belief that al-
lograft dermis can be transplanted without re-
jection [37]. Attempts have been made to
clinically incorporate allogenic dermis into full
thickness wounds. Yang [38], grafted allograft
sheets containing holes that were then filled
with autograft plugs. With time, the allograft
epidermis sloughed and the remaining compo-
nent of the allograft dermis was covered with
migrating epidermis from the autograft plugs.

Although the majority of immunogenic cells
are found in the epidermis, a number of dermal
cells also express MHC antigens. These cells
include dendritic cells, endothelial cells and in
the presence of interferon, fibroblasts [39,40].
Endothelial cells in particular express and can
present MHC class II antigens and are the first
contact between immunocompetent cells of the
host and the graft [41]. As such, they are the pri-
mary site of the specific immune rejection re-
sponse to allograft skin [42]. The resulting peri-
vascular inflammation in the dermis causes
sloughing of the epidermis secondary to hypox-
ia. The present work showed that the AlloDerm
process was developed to remove the cells of
both the epidermis and dermis while maintain-
ing the structural and biochemical integrity of
the dermal extracellular matrix and the BMC.
By removing all cells of the epidermis and the
dermis, the specific immune response was
avoided.

Scaring and contracture resulting from full-
thickness skin injury are inversely proportional
to the amount of dermis transferred in a con-
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ventional split thickness skin graft [43]. Howev-
er, the current study revealed that a grafted
acellular dermal matrix will support fibroblast
infiltration that maintained their capacity to
produce a more mature dermis. There was also
new vascularization and epithelization. Further-
more, the absence of an inflammatory cell infil-
trate after two weeks of grafting suggested that
allograft matrix was non immunogenic. Elec-
tron microscopic studies showed that there was
no myofibroblast in allograft dermal matrix.
Apparently, the dermal substitute reduced the
differentiation of firboblasts into myofibro-
blasts. This effect might also be mediated by
cytokines able to bind to collagen-elastin der-
mal substitute [44].

In the present study, one of the most impor-
tant observations was the higher "take" rates
(97.7%) of thinner autografts that probably re-
flect the unique physiology of the allograft der-
mal matrix site. The autograft is separated from
the vascular bed by the initially avascular der-
mal matrix. Cellular elements of the autografts
are nourished by serum through the interstices
of the meshed allograft dermal matrix. The less
metabolic demands and the shorter distance that
nutrients travel to reach the epidermal cells im-
proved the take of thinner autograft.

Donor sites are a morbidity. They are pain-
ful, can become hypertrophic, hyperpigmented,
hypopigmented, erythematous and thickened.
They ultimately may have a worse cosmetic ap-
pearance than the grafted wound. Also, delayed
healing of donor sites can be costly and life
threatening, especially in pediatric or elderly
patients and those with large total body surface
area burns. Very often patients are discharged
early and have to care for the wound by them-
selves. The sooner the donor site heals, the
sooner you can eliminate all of these potential
problems. If you have a thin donor site, the type
used in this study with AlloDerm, that is cer-
tainly going to heal faster, less depigmentation
and reduced hypertrophic scarring. We found
that AlloDerm helps decrease morbidity and de-
creases the risk of infection as the time of heal-
ing is shorter. Thin split-thickness autografts,
are typically associated with a higher incidence
of burn wound scarring and contracture, as a re-
sult of the minimal amount of dermis provided
[45]. In the present work, histological analysis
of test site biopsy supported the conclusion that
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the dermal matrix was additive to the overlying
autograft epidermis.

In this study, it was found that there was
faster maturity of the wound with AlloDerm,
with less contracture and better function. If you
can obviate further reconstructive surgeries and
get the patients functioning with less deformity,
then that is to everyone's benefit. It is also more
cost-effective. If you can get patients back to
work faster, that is very cost-effective, because
you have to figure in the loss of wages as part
of the cost of the injury.

In conclusion, with AlloDerm, burn care
specialists now have an alternative to conven-
tional autografting. AlloDerm acellular dermal
graft serves as a dermal transplant for deep-
partial and full-thickness burns. With Allo-
Derm, only ultra-thin epithelial autografts are
required from the patient. The use of ultra-thin
autografts result in faster healing of donor sites,
fewer donor site morbidity and reduced hospi-
talization costs.

REFERENCES

1- Gray D.t., Pine R.-W., Harnar T.J., et al.: early surgical
excision versus conventional therapy in patients with
20 to 40 percent burns a comparative study. Am. J.
Surg., 144: 76-80, 1982.

2- Heimback D.M.: Early burn wound excision and graft-
ing. In: Boswick J., ed.: The art and science of burn
care. Rockville, Mary land: Aspen Publishers Inc.,
65-73, 1987.

3- Engrav L.H., Heimback D.M., Reus J.L., et al.: Early
exision and grfting vs. non-operative treatment of
burns of indeterminate depth a randomized prospec-
tive study. J. Trauma, 23: 1001-4, 1983.

4- Wolfe R.A., Roi L.D., Flora J.D., et al.: Mortality dif-
ferences and speed of wound closure among special-
ized burn care facilities. J. Am. Med. Asoc., 250: 763-
6,1983.

5- Tompkins R.G., Burke J.E., Schoenfield D.A., et al.:
Prompt eschar excision: a treatment system contribut-
ing to reduced burn mortality. Ann. Surg., 204: 272-
81, 1985.

6- Tompkins R.G., Remensynder J.P., Burke J.E., et al.:
Significant reductions in mortality for children with
burn injuries through the use of prompt eschar exci-
sion. Ann. Surg., 208: 577, 1988.

7- Desmouliere A., Rubbia-Brandt L., Grau G. and Gab-
biani G.: Heparin induces alpha-smooth muscle actin
expression in cultured fibroblasts and in granulation
tissue myofibroblasts. Lab. Invest., 67: 716-726,
1992.

8- Guber S. and Rudolph R.: The myofibroblasts. Surg.
Gynecol. Obstet., 146: 641-9, 1978.



Egypt. J. Plast. Reconstr. Surg., January 2003

9-  Rudloph R., Suzuki M., Guber S. and Woodward M.:
Control of contractile fibroblasts by skin grafts. Surg.
Forum, 28: 524, 1977.

10- Lamke L.O.: The influence of different skin grafts on
the evaporative water loss from burns. Scand. J. Plast.
Reconstr. Surg., 5: 82-86, 1971.

11- Castagnoli C., Stella M., Maglicani G., et al.: Anoma-
lous expression of HLA class II molecules on kerati-
nocytes and fibroblasts in hypertrophic scars conse-
quent to thermal therapy. Clin. Exp. Immunol., 82:

350-354, 1990.

Sedmak D.D. and Orosz C.G.: The role of vascular
endothelial cells in transplantation. Arch. Pathol. Lab.
Med., 115: 260-265, 1991.

13- Yukna R.A., Turner D.W. and Robinson L.J.: Variable
antigenicity of lyophilized allogenic and lyophilized
xenogenic skin in guinea pigs. J. Peridont. Res., 12:
197-201, 1977.

14- Brown J.B., Fryer M.P., Ronda U.P. and Lu M.: Post-
mortem homografts as biological dressing for exten-
sive burns and denuded areas. Ann. Surg., 138: 618-
630, 1953.

15- Pruitt B.AJr. and Levine N.S.: Characteristics and
uses of biologic dressing and skin substitutes. Arch.
Surg., 119: 312-322, 1984.

12

16

Mellonig J.T.: Freez-dried bone allografts in peridon-
tal reconstructive surgery. Dent. Clin. North. Am., 35:
505-520, 1991.

17- Drez D.J.Jr., Delee J., Holden J.P., et al.: Anterior cru-
ciate ligament reconstruction using bone-patelar ten-
don-bone allografts. A biological and biomechanical
evaluation in goats. Am. J. Sports Med., 19: 256-263,
1991.

Elson D.M., Mc Collough M.L., Warschaw K.E., et
al.: Elastic tissue in scars and alopecia. J. Cutan. Path-
ol., 27 (3): 147-152, 2000.

18

19- Nakan P.K.: Recent progress in the peroxidase labeled
antibody method. Ann. Ny. Acad. Sci., 254: 203-210,
1975.

20- Hansbrough J.F. and Hansbrough W.B.: Clinical trials
of a living dermal tissue replacement beneath meshed,
split-thickness skin grafts on excised burn wound. J.
Burn Care Rehabil., 13: 519-529, 1992.

21- Bell E., Ehrlich H.P., Sher S., et al.: Development and
use of a living skin equivalent. Plast. Reconstr. Surg.,
67: 386-392, 1982.

22- Hansbrough J.F., Boyee S.T., Cooper M.I. and Fore-
man T.J.: Burn wound closure with cultured autolo-
gous keratinocytes and fibroblasts attached to a colla-
gen glycosaminoglycan substrate. JAMA, 262: 2125-
2130, 1989.

23- Hansbrough J.F., Cooper M.L., Green Leaf G., et al.:
Evaluation of a biodegradable matrix containing cul-
tured human fibroblasts as a dermal replacement be-
neath meshed split-thickness skin grafts. Surgery,
1111: 438-446, 1992.

24- Lovenz H.P. and Adzik N.S.: Scarless skin wound re-

71

pair in the fetus. West. J. Med., 159 (Suppl.): 350-
355, 1993.

25- Livesey S., Herndn D., Hollyoak M., et al.: Trans-
planted acellular allograft dermal matrix. Transplanta-
tion, 60: 1-9, 1995.

26- Mizuno H., Takeda A. and Uchinuma E.: Creation of
an acellular dermal matrix from frozen skin. Aesth.
Plast. Surg., 23: 316-322, 1999.

27- Chetty B.V., Biossy R.E., Warden G.D. and Nordlund
J.J.: Basement membrane and fibroblast aberration in
blisters at the donor, graft and spontaneously healed
sites in patient with burns. Arch. Dermatol., 128: 181-
186, 1992.

28- Compton C.C., Gill J.M., Bradford D.A., et al.: Skin
regenerated from cultured epithelial autografts on
full-thickness burn wounds from 6 days to 5 years af-
ter grafting. A light, electron microscopic and immu-
nohistochemical study. Lab. Invest., 60: 600-612,
1989.

29- Krejci N.C., Cuono C.B., Langdon R.C. and Mc Guire
J.: In vitro reconstruction of skin fibroblasts facilitate
keratinocyte growth and differentiation on acellular
reticular dermis. J. Invest. Dermatol., 97: 843-848,
1991.

30- Mommaas A.M., Teepe R.G., Leigh .M., et al.: Onto-
genesis of the basement membrane zone after grafting
cultured human epithelium: a morphologic and immu-
noelectron microscopic study. J. Invest. Dermatol.,
99: 71-77, 1992.

31- Yurchenco P.D. and Schittny J.C.: Molecular architec-
ture of basement membranes. FASEB J., 4: 1577-
1590, 1990.

32- Beck K., Hunner 1. and Engel J.: Structure and func-
tion of laminin: Anatomy of a multidomain glycopro-
tein. FASEB J., 4: 148-160, 1990.

33- Klein L. and Rudolph R.: 3H-collagen turnover in skin
grafts. Surg. Gynecol. Obst., 135: 49-57, 1972.

34- Kischer C.W., Shetlar M.R. and Chrapl M.: Hyper-
trophic scars and keloids: a review and new concept
concerning their origin. Scan Electron Micros., 4:
1699-1713, 1982.

35- De Vries H.J.C., Middelkoop E., Meekes J.R., et al.:
Dermal regeneration in native non cross-linked colla-
gen sponges with different extracellular matrix mole-
cules. Wound Rep. Reg., 2: 37-47, 1994.

36- De Vries H.J.C., Zeegelaar J.E., Middelkoop E., et al.:
Reduced wound contraction and scar formation in
punch biopsy wounds. native collagen dermal substi-
tutes. A clinical study. Br. J. Dermatol., 132: 690-697,
1995.

37- Medawar P.B.: The behavior and fate of skin auto-
grafts and skin homografts in rabbits. J. Anat., 78:

176-205, 1944.

38- Yang C.C.: The intermingled transplantation of auto-
and homografts in severe burns. Bruns, 6: 141-145,
1981.



72

39-

40-

41-

42-

Gorenewegan G., Buurman W.A., De Ley M. and
Kootstra G.: A new lymphokine different from inter-
feron gamma induces major histocompatibility com-
plex class II antigen expression. Transplant. Proc., 19:
190-191, 1987.

Morris A.G. and Tomkin P.T.: Interactions of interfer-
ons in the induction of histocompatibility antigens in
mouse fibroblasts and glial cells. Immunology, 67:
537-539, 1989.

Vora M., Yssel H., De Vries J.E. and Karasek M.A.:
Antigen presentation by human microvascular endo-
thelial cells: immunoregulatory effect of IFN gamma
and IL-10. J. Immunol., 152: 5734-5741, 1994.

Theobald V.A., Lauer J.D., Kaplan F.A., et al.: Neu-
tral allografts-lack of allogenic stimulation by cul-

Vol. 27, No. 1 | Alloderm in Full-Thickness Burns

tured human cells expressing MHC class I and class II
atnigens. Transplantation, 55: 128-133, 1993.

43- El-Hadidy M., Teasuauro P., Cavallini M., Colona M.,

et al.: Contraction and growth of deep burn wounds
covered by non-meshed split-thickness skin grafts in
humans. Burns, 20: 226, 1994.

44- Lamme E.N., De Vries H.J.C., Van Veen H., et al.:

Extracellular matrix characterization during healing
of full-thickness wounds treated with a collagen/
elastin dermal substitute shows improved skin regen-
eration in pigs. The Journal of Histochemistry and
Cytochemistry, 44 (11): 1311-1322, 1996.

45- Cohen LK., Diegelmann R.D., Lindblad W.J., et al.:

Wounding healing: Biochemical and clinical aspects.
Philadelphia: WB. Saunders, Co., 1992.



