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ABSTRACT
AIM: This article presents the development of a novel preparation and processing method as well as 
indication for clinical applications of human allogeneic acellular dermal matrix, which was developed originally 
in the Central Tissue Bank (CTB) for use in burn medicine and reconstructive surgery. 
METHODS: Acellular dermal matrix (ADM) is a biological material assigned for utilization in several surgical 
procedures due to its unique structure and advantageous properties. The article focuses on a novel 
preparation and processing method developed by CTB, which differs in its impact on the structure, biological 
and biomechanical properties of the fi nal ADM compared to the wide range of commercially available ADM 
products and currently available ADM products of other tissue banks. 
RESULTS: The ubiquitous acellular allogeneic dermal collagen matrix is the main substance participating in 
advantageous properties facilitating the use of ADM in numerous indications from dermal replacement and 
soft tissue augmentation to more extensive surgical reconstructive procedures. Dermal substitutes play an 
essential role in the reconstruction of full-thickness skin defects, both in acute and chronic wounds, defects 
of fasciae, peritoneum, etc., and there is a strong evidence that they can improve the fi nal scar quality as 
well. Differences in preparation methods of ADMs are recently causing concerns among surgeons utilizing the 
ADMs. We present three different cases with favourable outcomes by using human acellular ADM grafts.
CONCLUSIONS: Although ADMs did not fulfi l all of the requirements for an ideal dermal substitute, their 
applications have been advanced for diverse indications in soft tissue reconstructions and augmentations. 
Early revascularization of the allografts reduces bacterial contamination. Research and development of new 
generation of acellular dermal matrices with incorporated autologous in vitro cultured cells will likely yield new 
products and give new hope for continued improve ments in functional and cosmetic outcomes (Fig. 9, Ref. 60). 
Text in PDF www.elis.sk.
KEY WORDS: human acellular allogeneic dermal matrix, skin and dermal substitutes, reconstructive surgery, 
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Introduction

Major burns are extremely severe injuries with a high mortal-
ity. The advances in acute intensive burn care along with an early 
surgical treatment of deep burns including early excisions of ne-
crotic tissues followed by coverage/closure of the excised areas in 
the 20th century resulted in a decreased mortality, and were often 
leading to functional and aesthetic late post-burn sequelae requir-
ing secondary reconstructive procedures. Therefore, in the last de-
cades, the main research did concentrate on the use of skin/dermal 
substitutes for scar hypertrophy prevention and management (1). 

Dermal substitutes have been used to replace the architecture 
and function of the absent dermis in wounds with full-thickness 
skin loss. They are capable of revascularisation and promotion of 
re-epithelization in connection to the appropriate profi le of bioac-
tive molecules such as cytokines and growth factors and restoration 
both microarchitecture and function of the dermis in skin grafted 
areas. The large majority of the currently used dermal substitutes 
are decellularized collagen matrices of various sources either from 
human, porcine, fi sh or bovine origin (2). The next generations 
of dermal substitutes are tissue-engineered biomaterial dressings 
with complex bi-layered structure enriched by structural, signal-
ling, cellular or tissue elements. The application of acellular der-
mal matrices has spread from the use in burn medicine to other 
surgical specialties dealing with chronic wounds, traumatic and 
contaminated wounds, and full thickness skin defects (3).

Dermal substitutes
Dermal substitutes are biological matrices that supersede func-

tions of cutaneous dermal layer. Their presence in a wound bed 
reduces pain and radically decreases overproduction of scar tissue 
during the healing process. They act as matrices or scaffolds, they 
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promote new tissue growth and facilitate wound healing with an 
enhanced pliability and a more favourable scars, thereby improving 
the long-term function and appearance of the healed skin related 
with a better quality of patients´ lives (1, 4, 5). 

The loss of the dermis in extensive full-thickness skin wounds 
like major burns, skin ulcers or various deep wounds induces seri-
ous problems, which may be improved by application of a dermal 
substitute underneath the split-thickness autologous skin grafts thus 
mediating the wound healing process (6). Dermal substitutes are 
invaluable in reconstructive surgeries, while dermal tissue does 
not possess the ability of regeneration into the normal dermis in 
vivo after full-thickness dermal injuries (1, 7, 8).

Acellular dermal matrices
Acellular allodermal matrices (ADMs) are prepared in tissue 

establishments from thicker split-thickness or full-thickness skin 
grafts of human origin procured from selected screened deceased 
donors. The process of procurement, preparation, processing and 
packing of ADMs is held under aseptic conditions. The skin grafts, 
either xenogeneic or allogeneic, may be freshly harvested or cryo-
preserved (10). The processing steps include enzymatic removal of 
the epidermis, thereafter the removal of all the remaining resident 
cells from the dermis (fi broblasts, macrophages, endothelial cells), 
resulting in a decellularized collagen-elastin based biomaterial ma-
trix with antigenicity eliminated almost to none. The ADMs should 
retain the natural properties of the extracellular matrix (ECM) of 
which they consist of. They are immunologically inert, consisting 
of dermal collagen bundles together with preserved elastin fi bres, 
proteoglycans, microvascular channels, and the complex of the 
basement membrane. ADMs are capable of permanent integration 
and revascularisation by the recipient organism (9). As ADMs are 
a material of biologic origin produced for implantation into the 
human body, there are several strict regulations for their prepara-
tion, processing, preservation, storage, distribution and clinical use. 

Material and methods

Basic principles of ADM preparation and processing 
Skin allografts following procurement are placed into sterile 

transport containers and transported to the accredited tissue estab-
lishment. Preparation and processing shall be provided in Class A 
clean rooms under aseptic conditions. The fi rst step is the removal 
of the grafts from the containers and repeated rinsing in isotonic 
sterile solution in order to remove the debris from the grafts. The 
second step is decontamination of the grafts in a mixture of antibi-
otics solution. The process of decellularization is highly complex 
as the complete removal of any cellular and nuclear fragments out 
of the ECM requires multiple steps. In the past, there have been 
several techniques used for the processing of the grafts to ADMs 
based on different methods. Depending on the skin graft sources, 
different approaches of decellularization have been developed. The 
initial techniques utilized a combination of a proteolytic enzyme 
(trypsin), freeze-thawing and long-running incubations causing 
autolysis of cells by enzymes presented in the graft. Their draw-
backs included a high price and potentially toxic residues left in 

the dermal matrices, that could cause structural damage to the 
remaining dermal matrix and inhibition of cell proliferation dur-
ing their incorporation. After implantation, these pioneer ADMs 
might induce an immune response of the host at some level that 
could result in a poor graft survival due to its rejection (11‒13). 
Besides, any impairment either to the collagen or the non-collagen 
proteins, growth-factors and glycosaminoglycans may lead to 
a strong infl ammatory reaction with a subsequent lysis and resorp-
tion of the implanted ADM (11). Nevertheless, the preservation 
of an intact ECM architecture is crucial for the characteristics of 
the fi nal ADMs. 

Currently used processing methods for ADM preparation
Physical methods

The dermis is a quite thick and dense material, therefore it 
needs a preliminary treatment prior to the application of chemical 
reagents that penetrate through the pores to start the diffusion of 
the reagents. Generally applied methods as pressure, ultrasound or 
thermal shock have been used to accelerate the decellularization of 
the tissues and organs. Commercially prepared ADMs have been 
processed by protocols using sonication and agitation in conjunc-
tion with enzymatic and chemical methods. (14)
Chemical methods

The chemical methods include treatment with alkaline or acid 
media, detergents, immersion to hypotonic or hypertonic solutions, 
and chelating agents. These methods had to be used in combination 
with other methods to increase the decellularization effi cacy (15).
Biologic methods

Proteolytic enzymes have been used for decellularization of 
various tissues, however, in decellularization of the dermis the 
collagenases should be avoided as they may break the peptide 
bonds in the collagen bundles thus damaging or destroying the 
matrix structure. These methods should be used in conjunction 
with the other treatment methods mentioned above in order to 
optimize cell removal (15). 

Decellularization criteria
To classify tissue as acellular, the methods quantifying the 

presence of nuclear material from cell residues present within the 
ECM are used. The amount of dsDNA (double stranded DNA) per 
1 mg of ECM in dry mass should not exceed 50 ng, the acceptable 
length of DNA fragments is less than 200 bp (base pairs) (16). 
Light microscopy examination is advised to prove the absence of 
any nuclear material in tissue sections stained with haematoxylin 
and eosin (11, 17).

The novel method for ADM preparation developed in the CTB
Since the only currently available ADMs have been prepared 

and distributed only commercially, where the costs were far over 
the available burn department budget, the researchers from the burn 
department and the Central Tissue Bank of the Burn Department in 
Bratislava have developed a novel, simple, and economic method 
for the preparation of ADM. The new method combines the initial 
enzymatic treatment using trypsin together with the exposure to a 
hypotonic medium. Skin grafts assigned for ADM preparation and 
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processing have been prepared, processed and packed in clean-
rooms of the Central Tissue Bank (CTB) of the Ruzinov University 
Hospital according to approved standard operation procedures by 
the tissue bank personnel (18). 
Decontamination

Decontamination of the grafts is provided by a repeated rins-
ing in a mixture of antibiotics solution. (18)
Decellularization

The fi rst step is the exposure of the allogeneic or xenogeneic 
split-thickness skin grafts to the co-mixture of trypsin and ethyl-
enediamine tetraacetic acid (EDTA), which results in the separa-
tion of the epidermal layer from the intact basement membrane. 
Consequently, the epidermal remnants are removed by mechani-
cal scraping, and subsequently, the epidermis-free dermal grafts 
are submerged into a hypotonic solution medium (sterile distilled 
water bath), where step by step lysis of the resident dermal cells 
occurs due to a low osmotic pressure environment. Rinsing of the 
grafts in the hypotonic solution is repeated several times leaving 
an intact acellular dermal collagen-elastin matrix with a retained 
structure. The overall time of preparation including the last phase 
of decontamination takes 7 days (18). 
Acquiring samples for microscopic and bacteriology investiga-
tion

From each batch of the processed ADMs, random small sam-
ples (1x1cm) are taken for microscopic and microbiologic inves-
tigations. The samples for bacteriology are sent to microbiology 
laboratory accredited for sterility testing according to European 
Pharmacopeia (18).
Packing and storage

The fi nal products – ADM sheets are placed in pre-labelled 
cryoprotective sterile plastic bags and stored in quarantine deep 
freezers at ‒70 °C. After the negative results of the obligatory se-
rology tests of the donors and the results of the sterility tests are 
obtained, the ADM grafts can be released for clinical use. The 
overall storage time shall not exceed 5 years (18).

Results

Histology, residual DNA analysis, testing for cytotoxicity and 
biocompatibility (in vitro cultivated cells growth curve)
Histology

During the decellularization procedure, allodermis samples 
from each step have been taken and fi xed by buffered 10 % for-
malin solution. The samples were cut by microtome, spread and 
fi xed on glass slides, stained by haematoxylin-eosin and prepared 
for microscopy at the Department of Pathology (Mrázová et al, 
2014). Analysis of DNA content DNA was isolated using GeneJET 
Genomic DNA Purifi cation Kit (Thermo Scientifi c) according to 
the protocol provided by the manufacturer (19).
Residual DNA analysis

The DNA analysis test was performed at the Institute of Medi-
cal Biology, Genetics and Clinical Genetics, Faculty of Medicine, 
Comenius University in Bratislava. The number of samples tested 
for DNA content was 5 from cryopreserved grafts and 5 from fresh 
grafts. The negative results from both groups were identical (19).

Cytotoxicity testing
Three different cytotoxicity tests were performed for cyto-

toxicity evaluation.
Agar diffusion test

It was performed according to the standard method used in the 
(CTB) (Vittekova et al, 2014). Briefl y, the tested samples of ADM 
(0.5 x 0.5 cm) were placed into a Petri dish covered with in vitro 
monolayer culture of cells ‒ human dermal fi broblasts (HDF), or 
mouse 3T3 cells. After 24 h, the content of the Petri dishes was 
stained by neutral red agar medium (Difco Bacto agar). The poten-
tial toxic zone was observed during 3 consecutive days. AlloDerm 
(LifeCell Corporation, The Woodlands, Texas, USA) and sterile 
gauze was used as negative controls. Different acellular dermal 
matrix- Xeno-UK (Institut Biomedicinych technologij Ternopil, 
State Medical University, Ukraine), was used as a control with a 
semi-toxic effect (Vittekova et al, 2014). Gauze soaked in 20 % 
SDS (Sodium dodecyl sulfate) was used as a positive control (19).
Contact cytotoxicity test

Tested samples were cut into 0.5 x 0.5 cm pieces and placed 
into sterile Petri dishes for tissue cultures. The samples were fi xed 
on the bottom of the dishes and, subsequently, a suspension of live 
cells (HDF or mouse 3T3 cells) was added. An average number of 
cells seeded into dishes was 0.3 x 106/Petri dish. Morphological 
changes were observed microscopically on each day of cultivation. 
The positive, negative, and semi-toxic controls were identical to 
the ones used in the agar diffusion testing (19).
In vitro cultivated cells growth curve

The growth curve of the cells cultured in the presence of tested 
scaffolds was estimated. The scaffolds (0.5 x 0.5 cm) were placed 
in Petri dishes, covered with the HDF or 3T3 cell suspensions 
(0,3x106/Petri dish). The dishes were cultured in a CO2 incubator 
at 37 °C. After 24 h of incubation, the cells were trypsinized (Vit-
teková et al, 2014) and the cell numbers were counted microscopi-
cally in Burker´s chambers. For each parallel, the cell numbers of 
3 Petri dishes for every scaffold were calculated. The cell counting 
was performed at 24, 48, 72, 94, and 168 h. The positive, negative 
and semi-toxic controls were identical to the controls used in the 
contact cytotoxicity testing (19).

Biologic reactions in the host body
Preparation methods of ADMs determine the host reaction as 

well as the fi nal outcome of surgical procedures. The biologic re-
sponse may be classifi ed as acceptance with integration and non-
acceptance of the ADM (11).

The mechanism of ADM integration is the subject of further 
investigation. There are three theories of possible integration that 
support the remodelling of the ultrastructure of the implanted 
ADMs. The fi rst mechanism follows after a biodegradation of 
large insoluble molecules of ECM of ADM in vivo, where lesser 
fragments ‒ cryptic bioactive peptides with different biologic 
characteristics are released into the environment. Another way is 
the chemotaxis of endogenous progenitor and stem cells into the 
ECM of implanted ADM. The last mechanism is the modulation 
of immune response, when the host organism produces the M2-
Th2 phenotype of lymphocytes (20).
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Only 12 hours directly after implantation, the ADM is popu-
lated by circulating cells, which establish a neovascula ture and 
elaborate new extracellular matrix, while incorporating the ADM 
material. In 7 days, small vessels are present, mass density de-
creases up to 60 days post-implantation, when mature vessels with 
a larger calibre and thicker walls are present (21).

ADMs processed by unsparing methods including sterilization, 
crosslinking and conservation suffers damage to the ultrastructure 
of the scaffold, which leads to an intensive fi brotic response of 
recipients organism. After incorporation and infl ux of host cells, 
the implanted ADM is detected as foreign material and the ADM, 
depending on the intensity of infl ammatory reaction, is degraded 
with the formation of scar tissue and deposition of dense tissue.

Non-acceptance and non-incorporation of ADM is a reaction 
of the host organism, terminating into absence of any infl ux of 
host cells into the scaffold, which is recognized as a foreign ma-
terial. This reaction leads to the persistent infl ammatory impetus 
conducts to a chronical infl ammatory response with a production 
of dense tissue encapsulating the ADM (11).

The fi nal ADM product
The fi nal ADM product was a dermal matrix with preserved 

essential biochemical and structural properties of the human der-
mis. It was proved to be non-antigenic, in contradiction to the 
skin allograft, which is antigenic due to the presence of cellu-
lar structures (3, 22). The preparation method used proved to 
be highly effi cient, relatively fast and did not leave any toxic 
residues in the fi nal ADM with the preserved natural structure of 
the ECM. Such ADM proved to be suitable not only for clinical 
applications, but on its account of low cytotoxicity also for cell 
cultivations as a carrier for in vitro cultured cells for regenerative
medicine (18).

Clinical applications and indications of ADMs
The applications of ADMs in reconstructive surgery have be-

come quite common over the past 20 years. ADMs are currently 
far more used in reconstructive surgery than in burns, as a soft 
tissue implant for augmentation and reconstruction of different 
body areas such as: tympanic membrane (23), cleft palate (24), 
dura mater (25), nose (26), lips (27), chest (28), abdominal wall 
(29), upper and lower extremities (30, 31), pelvis etc. (32, 33, 34). 
Many of these reconstructive surgical interventions have been 
performed using autologous, allogeneic, xenogeneic, or synthetic/
biosynthetic allogeneic or xenoplastic materials. Autologous tis-
sues, such as fat, dermis, fascia, cartilage, bone, and muscle, hold 
the precedence over heterologous or allogeneic materials if they 
are available to be harvested in suffi cient amounts without un-
due trauma to the donor. However, often the available autograft 
is insuffi cient or causing signifi cant trauma to donor-site, which 
is unacceptable. Alloplastic materials may suffer from poor tis-
sue adherence, may elicit a foreign-body reaction, and may be at 
risk of extrusion (35). Xenogeneic collagen is often used as well, 
however, the material is rapidly resorbed and may cause an anti-
genic reaction (36). These are the main reasons, why the allogeneic 
materials are in a superior position.

Processing methods of ADM may determine the host reaction 
and thus determine the fi nal outcome of the surgical procedures. 
The biologic response may be classifi ed as acceptance with inte-
gration and/or non-acceptance of the ADM implant (11). The exact 
mechanism of ADM integration is a subject of further investigation. 

Once the ADM is repopulated by host cells and revascular-
ized from surrounding host tissue, the integration can lead to 
lower infection rates than for synthetic materials (31). In addi-
tion, the bioscaffold has been shown to promote cell migration, 
proliferation, and vascularization, and, therefore, it accelerates 
wound healing (37, 38). ADM graft is ultimately remodelled into 
a tissue with the char acteristics of the site into which it has been 
im planted. However, while implanted to treat deep skin defects, 
having no epidermal layer, the substitute itself provides a limited 
barrier function only. When used as a graft, it must be covered 
with a thin split-thickness skin autograft as well as a moisture-
retaining dressings (39). Autologous full-thickness skin grafts 
may fail due to high metabolic demands, therefore ADM has an 
advantage as their metabolic demands raise gradually with cell 
infi ltration and revascularization, and just after the full integration 
they are fi nished. The nutritional requirements are the same as in 
the surrounding tissues (40).
Composite skin grafting

In contrary to epidermis, after suffering superfi cial dermal 
injury, any defect heals by reparation instead of regeneration. If 
collagen components are missing, the whole process leads to de-
position of scar tissue. Examples of such healing are deep burns 
and extensive full-thickness skin defects. The golden standard in 
the treatment of such wounds is an application of split-thickness 
skin graft (STSG), which, however, leads to the formation of con-
traction scars. The substitution of missing dermal components may 
be accomplished by the application of a dermal substitute, such as 
ADM, that reduces the formation of scars, as well as the wound-
ing of the donor sites (11).

In addition, ADM creates a better wound-bed microenviron-
ment, increasing the healing rate of the combination of ADM and 
STSG. Another important advantage of composite skin grafting 
is, that ADM as the scaffold continues to facilitate wound heal-
ing and skin graft acceptance (41‒43). The elastic fi bre structure 
of the ADM has an excellent resilience for the prevention of scar 
formation. At the same time, the ADM has signifi cant haemostatic 
properties and might reduce the risk of hematoma formation un-
der the grafted skin (44, 45). Before the application of ADM into 
the wound bed it is suggested to perforate or mesh the ADM to 
prevent seroma or hematoma as well as to enhance the adhesion 
of ADM to the uneven wound bed surface.

If negative pressure wound therapy (NPWT) is applied, the 
composite skin grafting may be performed as a one-stage operation. 
The NPWT applied over the composite skin graft reduces the risk 
of hematoma or seroma formation, moreover, it supplies its fi xation 
in the wound bed, improves microcirculation and oxygenation of 
surrounding tissues and therefore reduces the need for another op-
eration, which always represents possible complications (46, 47).

In our experience, the application of composite skin grafts was 
highly useful, when tendons and deep structures were exposed. 
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Transplanted composite skin showed better outcomes than STSG 
alone, showing no or almost no signs of contracture. Such skin was 
pliable, softer, and with better fi nal aesthetic outcomes.
ADM in soft tissue reconstruction and augmentation

The application rate of ADM in reconstructive surgery proce-
dures is expanding. The indications for ADM applications include 
(a non-exhaustive list) dermal replacement in extensive burn inju-
ries, hypertrophic and contracted scars revisions, breast surgery, 
peritoneal and abdominal wall defects reconstructions, etc. 

The use of ADM in implant-based breast reconstructions be-
came over the last decade the gold standard. This method has been 
popularized as an adjunct to implant-based surgery given its utility 
in providing coverage of the implant and support for the inferior 
pole of the breast as well as it prevents capsular contracture for-
mation (48). Another applications with positive outcomes proved 
to be reconstructions of the disrupted abdominal walls following 
a repeated laparotomy wounds dehiscence complicated by infec-
tion (49, 50).
Risks of ADM applications

Allogeneic ADM is a tissue of human origin, accordingly, 
there is always a possible threat of dis ease transmission. To our 
knowledge, there have been so far no known cases of infec tion 
transmitted by ADMs. The protocols in tissue banks for the prepa-
ration of ADM adhere to a strict donor screening and acceptance 
criteria. The tissue establishments are obliged to follow regulatory 
guidelines and keep records. The risk of disease transmission by 
xenogeneic material is believed to be very low (3).

Clinical study ‒ outcomes
Hereby we would like to briefl y present 3 cases, where this 

unique biomaterial was used in various indications in patients treat-
ed at our department. In all the cases, aseptic ADM was implanted 
in one-stage operation with the application of 1 : 1 meshed alloge-
neic ADM into prepared wound bed overlayed by a split-thickness 
skin autograft or with closing the wound by a primary suture.

Case 1: Cranial defect without bone and skin cover with a 
leakage of cerebrospinal fl uid coverage

43-year-old cancer patient in remission with a cranial defect 
in the temporo-parietal region after the explantation of an infected 
methacrylate bone implant (KIT) complicated by a skin necrosis 
in the implant site. On September 20th, 2017 the KIT implant 
was extracted and following a thorough wound debridement, a 
temporary coverage of the defect with allodermis was provided. 
7 days later, a permanent coverage of the defect with an exposed 
dura mater with a composite graft of 1:1 meshed ADM covered by 
autologous split-thickness skin graft was performed. At 1 month 
post-operation, more than 90% of the composite graft was revas-
cularized, only small defects covered with dry crusts were pres-
ent at the edges. At 1-year post-operation, the whole transplant 
was well vascularized, the skin graft has got matured. Minimal 
residual fi stulae with cerebrospinal fl uid leakage were still pres-
ent (Figs 1, 2, 3). 

 

Fig. 1. Cranial defect after debridement, with 
exposed dura mater.

Fig. 2. 8th post-op day, present revasculariza-
tion and intake of composite graft.

Fig. 3. 1 year post-op, matured, well-vascularized
composite graft.

Fig. 4. Deep traumatic defect in the pre-patellar 
region, before debridement.

Fig. 5. The defect after 2 debridements, ready 
for permanent closure.

Fig. 6. Engrafted composite graft, without con-
tracting scar formation.
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Case 2: Deep post-traumatic knee defect reconstruction

28-year-old patient after a motor-bike accident with a devastat-
ing-laceration injury in the left prepatellar knee area with exposed 
ligaments and full-thickness skin defect. During the revision of 
the defect, the non-viable parts of the skin cranially and on both 
sides were found. Debridement of the non-viable and potentially-
viable soft tissues together with a superfi cial partial excision of the 
patellar ligament was performed. For faster and better wound bed 
preparation a negative pressure wound therapy (NPWT) device 
was applied. A second debridement after 5 days was performed. 
Permanent closure with a bilaminar technique (ADM overlaid 
with a thin skin autograft) was performed on the 8th day after the 
fi rst operation. The composite graft got well-vascularized. The 
transplanted skin, even in this diffi cult anatomical region 3 years 
post-operation, is still durable and fl exible without the formation 
of contracting scars. Full extension and fl exion of the knee joint 
are present (Figs 4, 5, 6).

Case 3: Abdominal wall reconstruction with ADM for ex-
posed kidney graft salvage

54 years old poly-morbid renal transplant patient with a re-
peated post-operative wound dehiscence and exposure of the trans-
planted kidney. The surgical management required two surgical 
interventions. The fi rst one was a thorough surgical debridement 
of the open abdominal wound along with the undermined wound 
edges followed by a temporary protective coverage of the exposed 
kidney by human skin allograft and application of NPWT. The 
debrided and prepared wound was closed after a skin allograft 
removal by ADM used for both the transplanted kidney protection 
and reinforcement of peritoneal and abdominal fascia defects as a 
biologic net. Following peri-renal and subcutaneous space drain-
age, the abdominal wound was closed and healed within 22 days. 
At 6 months follow up, a complete wound closure with a fi rm 
scar and no abdominal herniation along with a good transplanted 
kidney function have been found (Figs 7, 8, 9).

Discussion

The differences in ADMs: xenogeneic vs allogeneic, sterile vs 
aseptic preparation

Acellular dermal matrices are prepared either from xenogeneic 
or allogeneic material. The obtained xenogeneic tissues assigned 
for decellularization came as side line products. Xenogeneic tis-
sues are either bovine, porcine, equine or fi sh origin (40). There is 
a strong evidence for differences in biologic reactions to implanted 
different types of ADMs. Xenogeneic matrices, even after decel-
lularization, retained an alfa-gal epitope, which did not occur in 
human body proteins. Therefore, the application of xenogeneic 
ADMs did lead to negative interactions with antibodies, result-
ing in a localized infl ammation and resorption of the matrix (51).

Other differences causing concerns among surgeons utilizing 
ADMs are in preparation methods. The aseptic ADMs have been 
processed under aseptic conditions in a sterile environment avoid-
ing secondary contamination. To avoid terminal sterilization, which 
causes ultrastructural changes in molecules of the ECMs, aseptic 
processing relies upon antibiotics alongside the decellularization 
process. Aseptic processing with an intact natural ultrastructure of 
ECM confers a sterility assurance level of 10‒3. The sterile ADMs 
undergo sterilization by gamma irradiation reaching a sterility 
level of 10‒6, however, causing structural changes in the ECM 
(52). The processing methods determine the occurrence of the fi nal 
post-implantation biological reaction in the recipient organisms. 

Requirements for the dermal substitutes 
Intact ultrastructure of dermal ECM
Implanted ADMs due to their scaffolding properties restore 

the microarchitecture and physiologic functions of the recon-
structed areas (7). The acellular matrix preserved intact dermal 
vascular channels that could be repopulated by the recipient´s 
endothelial cells leading to a rapid revascularization. The vas-
cularization period of the dermal component took place usually 
around 21 days. Vascularization of the ADM is crucial to en-
hance the take of split-skin grafts and to assure a primary healing 

with a solid scar in soft tissue 
reconstructions (53‒55). Even 
though the new ADM scaffold 
material was described as “per-
manent”, generally, it is consi-
dered that the transplanted scaf-
fold will be repopulated by the 
host dermal cells capable to re-
synthesize a new autologous 
dermal matrix (1, 8).

Biocompatibility
The main characteristics dis-

tinguishing ADMs from other 
materials include a tissue in-
tegration, host tolerance, and 
immunologic compatibility. 
ADMs are biomaterials consist-
ing mostly of collagen scaffolds, 

Fig. 7. The disrupted abdominal 
wound with an exposed kidney, 
before the fi rst operation.

Fig. 8. The debrided wound, with a 
prepared wound bed, the exposed 
kidney was covered by ADM, the 
edges sutured to healthy fascia.

Fig. 9. Healed reconstructed ab-
dominal wound, 6 months post-
operation.
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which are just in rare cases immunogenic, therefore they are an 
ideal material for implantation as only a few individuals have an 
inborn immunogenic reaction against allogeneic collagen mol-
ecules. Insuffi cient removal of any immunogenic materials, such 
as cells, cell debris, chromosome fragments, etc., from cells that 
express foreign major histocompatibility complex antigens, would 
initiate both innate and adaptive immune responses leading to a 
rejection as in unprocessed skin grafts used for temporary dressing 
(11). Biocompatibility was demonstrated by the early ingrowth of 
fi broblasts and blood vessels (56). Apart from a rapid adherence 
and vascularization, other related factors taken into consideration 
were mechanical stability and durability (57).

Non-toxicity and biodegradation
The main advantage of collagen-based materials as ADMs, is 

their biodegradability and biocompatibility. Both are related to a 
unique structure of collagen molecules, which are in vivo hydro-
lysed by collagenase and matrix metalloproteinase enzymes. This 
process may be regulated by cross-linking and structural modifi -
cation of the fi nal ADMs. Products of degradation of ADMs are 
collagen type I and III, which induce chemotactic infi ltration by 
fi broblasts (57, 58). Therefore, a controlled rate of biodegradation, 
non-toxic metabolites, low or absent antigenicity, infl ammatory 
or foreign body reactions are mandatory (54).

Resistance to shear forces
ADMs should be strong enough to be held in a place of dif-

fi cult anatomic areas and should resist shear forces (53). ADMs 
use is an appropriate way to minimize scar contracture and to im-
prove the quality of the grafted area in strained regions requiring 
elasticity, pliability, and stability.

Summary of the desired properties of ADMs

The ideal biologic dermal substitute should have the follow-
ing charac teristics, enumerated for the most part by Pruitt and 
Levine more than twenty years ago (30), and added to by others 
should include (31):
• absence of antigenicity,
• tissue compatibility,
• absence of local or systemic toxicity,
• impermeability to exogenous microorganisms,
• water vapor transmission similar to normal skin,
• rapid and sustained adherence to wound sur face,
• conformity to surface irregularities,
• elasticity to permit motion of underlying tissue,
• resistance to linear and shear stresses,
• tensile strength to resist fragmentation,
• inhibition of wound surface fl ora and bacteria,
• biodegradability, 
• reducing time to heal,
• not increasing the rate of infection,
• minimizing patient discomfort,
• minimizing nursing care of a wound,
• patient acceptance,
• low cost,
• long shelf life, minimal storage requirements (3).

Conclusions

Although ADMs do not fulfi l all of the requirements for an 
ideal dermal substitute, they play an important role in cases of 
se vere skin losses or large and deep wounds, and in other situ-
ations in which healing by primary intention or autografting are 
not possible anymore. With further research, their applications 
have been advanced for diverse indications in soft tissue recon-
structions. Early revascularization of allografts reduces bacterial 
contamination. It was proven histologically, that matrices with a 
preserved native ultrastructure of ECM showed a higher rate of cell 
infi ltration, fi broblasts deposition and revascularization. Research 
and clinical development of new generation of acellular matrices 
with incorporated cultured cells will likely yield new products 
and give new hope for continued improve ments in functional and 
cosmetic outcomes.
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