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Abstract

Purpose of Review To review four wound coverage options—xenografts, allografts, Integra®, and MatriStem™—and outline
considerations to help providers select the appropriate cover.

Recent Findings Xenografts were the first skin substitutes used to cover wounds. They are inexpensive but inherently less similar
to native host skin than cadaveric allografts, the current gold standard for temporary wound coverage. Integra® is an established
dermal matrix that provides permanent coverage by naturally integrating into the wound to create a neo-dermis. MatriStem™
urinary bladder matrices are recently available products designed to promote wound healing. They have shown promising, albeit
limited, results in clinical studies.

Summary Each reviewed coverage option presents its own risk-benefit profile. The optimal choice for an individual patient
depends on various wound- and patient-related factors that should be evaluated collectively. Adherence to wound management
principles is paramount regardless of the coverage option. This review aims to facilitate the selection process for providers.

Keywords Wound healing - Tissue engineering - Skin substitutes - Dermal analogs - Regeneration templates - Reconstructive

surgery

Introduction

The skin is the largest organ in the human body and plays a
critical role as a protective barrier to the outside world and in
thermoregulation [1, 2]. The skin is a bilayer with an avascular
epidermis composed primarily of proliferating keratinocytes
and a well-vascularized dermal layer composed mainly of
collagen, glycosaminoglycans, and elastin fibers (Fig. 1a).
These cells confer skin elasticity and tensile strength. The
protective properties of the integument are lost when the skin’s
barrier function is damaged resulting in a wound (Fig. 1b).
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The reconstructive ladder provides a stepwise approach to
wound closure, from simple wound healing by secondary in-
tention to complex tissue transfer in the form of vascularized
flaps [2, 3]. When primary or secondary wound closure is not
possible and skin grafting is considered, wound regeneration
templates and temporary covers can be valuable additions to a
provider’s armamentarium. Regeneration templates and tem-
porary covers are effective skin substitutes, as they provide
rapid coverage of the wound, thereby minimizing fluid loss
and also potentially decreasing infection risk in the case of
allografts [4]. They can also provide durable resistance to
shearing forces, promote new dermal tissue synthesis, serve
as a regenerative scaffold, and recruit key mediators for
wound healing [3, 4].

There is a wealth of wound cover options that differ in
regard to durability, the specific skin layer they replace, and
the source of the material. These products can be classified as
biologic, biosynthetic, or synthetic based on their material
composition [5, 6]. Covers can also be categorized into epi-
dermal, dermal, and dermo-epidermal (composite) constructs
depending on the integumentary region they replace [7].
Additionally, they can be divided into temporary versus per-
manent covers. Temporary products are applied to induce

@ Springer


http://crossmark.crossref.org/dialog/?doi=10.1007/s40719-019-00165-7&domain=pdf
mailto:shar.shahrokhi@sunnybrook.ca

80 Curr Trauma Rep (2019) 5:79-89
a d ¥ 1
Epidermis Epidermis )
Basement Membrane Basement Membrane Allograft
Dermis Dermis <
Hypodermis Hypodermis
b e )
L Epidermis
Epid i ®
pidermis ] Basement Membrane Integra

Basement Membrane Wound
Dermis * Variable depth Dermis
Hypodermis Hypodermis
c f

o 4 1 ]
Epidermis _:]_ Epidermis
Basement Membrane Xenograft Basement Membrane MatriStem™
Dermis Dermis
Hypodermis Hypodermis

Fig. 1 Composition of wound care covers. a Layers of the integument. b
Disruption of the skin layers by a wound. ¢ Coverage of the wound by
natural biological xenograft, which provides the epidermal component of
the integumentary. d Coverage of the wound by natural biological
allograft, which includes all elements of the native layers of the

healing in the underlying wound bed and typically do not
integrate into the wound. Conversely, permanent covers act
as regenerative scaffolds that are partially (i.e., Integra®
Dermal Regeneration Template) or completely (i.e.,
Alloderm™ Regenerative Tissue Matrix) assimilated into the
healed wound [8].

Three modern classification systems have been published
to categorize skin substitutes [9, 10ee, 11e¢]. In 2008, Kumar
improved the former Balasubramani et al. classification by
making it more comprehensive. The Kumar classification
was broadly divided into Class 1 temporary impervious dress-
ing materials, Class 2 single layer durable skin substitutes, and
Class 3 composite skin substitutes [9]. In 2011, Ferreira intro-
duced a more clinically inclined classification system which
included (1) the skin layer to be replaced (epidermal, dermal,
and dermal-epidermal composites); (2) the durability in the
wound bed (temporary and permanent); and (3) the origin of
the grafting material (biological, biosynthetic, and synthetic)
[12]. In 2014, Shahrokhi et al. suggested a classification based
solely on the source of the dermal substitute divided into syn-
thetic versus biological (natural or artificial) materials [11e].
Most recently, Davison-Kolter et al. published what they
claimed to be a universal classification system [10ee]. It in-
cluded five elements: (1) cellularity (acellular or cellular); (2)
layering (single layer or bilayer); (3) replaced region (epider-
mis, dermis, or both); (4) materials used (natural, synthetic, or
both—Table 1); and (5) permanence (temporary or
permanent).
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integumentary. e Coverage of the wound by artificial biologic Integra®,
which includes an epidermal and dermal bilayer. f Coverage of the wound
by artificial biological MatriStem™, which includes a basement
membrane and a dermal component

These classification systems attempt to organize and cate-
gorize the multitude of available options for skin substitutes.
Products such as Integra® Dermal Regeneration Template
(DRT) which were classified as class 3 (materials that replace
both the dermal and epidermal layer) in the Kumar

Table 1  Classification of products based on materials used [11¢e, 13]

Classification Product example

Epidermal Cultured epithelial autograft (CEA)
Dermal

Alloderm®

Glyaderm®

DermaMatrix®

Tiscover®

Stratice®

Permacol®

Natural biological

Artificial biological Integra®
Matriderm®
Biobrane®
Terudermis®
Apligraf®
Synthetic Dermagraft®
Poluactive®
Permaderm®

DenovoSkin®

Dermo-epidermal
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classification can now be described based on the Davison-
Kolter classification as (1) acellular, (2) bilayer of (3) epider-
mis and dermis with (4) natural and synthetic (5) temporary
material. Of note, Integra® DRT is considered permanent by
some as its inner (dermal) component is integrated into the
wound to form a neo-dermis and temporary by others as none
of its components remain intact in the wound. The different
classification systems help clinicians select products based on
the “needs” of the wound. Clinicians should thus be aware of
coverage options in each broad category.

Regeneration templates and temporary covers are a diverse
group of products, each with specific applications as well as
their unique set of advantages and limitations. The ideal skin
substitute is permanent, inexpensive, readily and abundantly
available off-the-shelf, easily stored with a long shelf life, rap-
idly and easily applied with one procedure, mechanically pli-
able yet durable, protective against moisture loss and infection,
biocompatible with no risk of immunogenicity or infectious
disease transmission, rich with healing factors that enhance
host tissue regeneration, and both cosmetically and functional-
ly adequate in terms of scar quality, pigmentation, and possess
all native adnexal tissue [11¢°, 14]. Since none of the current
coverage options possesses all of these qualities, providers
must carefully evaluate these product-related considerations
in combination with patient-related factors such as their age,
comorbidities, religious or ethical reservations, and desired
aesthetic and functional outcomes. Clinicians should provide
personalized care for individual patients by taking each of
these factors into account when selecting a wound cover.

When discussing skin substitutes, it is important to remem-
ber the long history of wound cover options. Although to date
there exists no perfect product, there have been significant
advances in the development of wound covers since the first
mention of xenograft, a temporary biological epidermal re-
placement. From 1500 B.C. to the recent introduction of
three-dimensional (3D) skin printing, each new product de-
veloped over the years has served to help in the advancement
of the field of skin substitutes. We begin this review by de-
scribing the first skin substitute introduced, xenograft.

Historic Skin Substitute

Xenograft—Temporary Biological Epidermal
Replacement

History

Xenografts have served as wound covers as early as
1500 B.C., with frog skin coverings having been documented
in the Papyrus of Ebers. Zoografting, as the practice was then
termed, was also attempted with the skin of various other
animals including water lizards, sheep, rats, and chicken [3,

15]. Despite the failure of early attempts, xenografts were
observed to confer wound healing benefits through protection,
hydration, and pain relief, which popularized their use as tem-
porary dressings. Since the 1960s, pig dermis remains the
mainstay of xenografts for humans [16]. Its benefits include
affordability, accessibility, and histologic similarity to human
skin. In countries such as Brazil, bovine and sheep skin op-
tions also exist in addition to the ever-present frog skin covers
[17].

Product Description

Porcine xenografts consist of de-epithelialized pig dermis
(Fig. 1c). Commercially available brands include EZ-
Derm®, MediSkin®, Permacol®, Strattice®, and
Xenoderm®. Of these products, EZ-Derm® and Permacol®
have the greatest tensile strength due to cross-linking, which
confers resistance to enzymatic breakdown by collagenase
[18]. Xenografts can be used fresh or off-the-shelf after stor-
age at ambient temperature, although some institutions freeze-
dry or preserve them with glycerol to prolong shelf life and
diminish antigenicity [15, 19]. Following standard preparation
of the wound bed and direct application of the xenogratft,
wound adherence occurs in approximately 1 to 2 days without
any surgical intervention [15]. While antigenicity poses a log-
ical concern, xenografts do not form vascular connections
with the host tissue, thus rejection does not occur. Instead,
they slough away either due to slow vascular necrosis or by
formation of the epithelium across the underlying wound bed
[3, 15]. The benefits of porcine xenografts are well document-
ed: decreased healing time and pain; retained fluids, proteins,
and electrolytes; and reduced bacterial overgrowth [15, 16,
19]. In addition to their use as wound dressings for partial-
thickness burn injuries in mostly developing countries [20,
21], xenografts have been employed in a wide range of surgi-
cal procedures such as rhinoplasty [22, 23], facial contouring
[24], rotator cuff repair [25], and abdominal wall reconstruc-
tion [26] and hernia repair [27, 28].

Advantages and Disadvantages

Compared to other dermal substitutes, porcine xenografts pos-
sess a long shelf life, and are both inexpensive and abundantly
available. They are indicated when human skin is not an op-
tion due to limited access or patient refusal on religious, eth-
ical, or sociocultural grounds. In terms of disadvantages, xe-
nografts are inherently less similar to native dermis than allo-
grafts, limited to temporary coverage, and contraindicated in
patients with allergies to porcine materials. There is also a
theoretical risk of transmission of zoonoses [15]. Moreover,
they have yielded disappointing results, in part due to cross-
linking, which confers durability but also theoretically impairs
wound healing [11¢°]. Indeed, the clinical utility of xenografts
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has been brought into question by studies revealing that nei-
ther Permacol® [29] nor EZ-Derm® [20] demonstrates sig-
nificant benefits over split-thickness skin grafting alone.

Skin Substitute Options

Xenografts have largely been replaced by allograft when
wounds require temporary wound cover. Cadaveric allograft
is considered the gold standard for temporary wound cover-
age. Allografts are natural epidermal substitutes that promote
wound healing while acting as a temporary wound cover. If
permanent wound coverage is sought, many options are avail-
able (Table 1) including Integra® DRT, the longest standing
biological wound coverage option available. We discuss in
detail the history, product composition as well as
advantages/disadvantages of allograft and Integra® DRT in
order to provide clinicians with detailed knowledge of these
two options.

Allografts—Temporary Biologic Composite Skin
Substitute

History

The 1503 manuscript of Branca of Sicily is commonly cited as
the first known attempt to use human-to-human skin grafts
[30, 31]. George David Pollock, the pioneer of skin grafts,
notably used a piece of his own skin for a surgical procedure
in 1871 [32]. The development of modern allografts
underwent rapid acceleration in the wake of World War II,
during which the number of burn victims increased dramati-
cally [33]. In response, the first modern skin bank was created
by the United States Navy in 1949 [34]. Modern
lypophilization technology has allowed cadaveric tissue to
be stored indefinitely as allograft material [35, 36]. To date,
donated skin from non-profit skin banks remains the primary
source of allografts [3, 30].

Product Description

Cadaveric allografts are dermo-epidermal (composite) skin
substitutes that provide temporary coverage and promote
wound healing before they are rejected 2 to 3 weeks post-
transplantation (Fig. 1d). While Alloderm RTM has been used
in breast surgery [37-39], cleft palate repair [40], and even
neurosurgery [41, 42], allograft is primarily indicated for large
full-thickness burn injuries wherein donor sites are limited and
a temporizing coverage is required following excision [19,
43-47]. Clinical examples of allograft use by our group are
shown in Fig. 2.
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Advantages and Disadvantages

Consistent with the plastic surgery tenet of substituting like
tissue for like tissue, cadaveric allografts are more similar to
native skin in their anatomy and physiology when compared
to xenografts and bioengineered covers [48]. As a result, they
effectively restore several important functions of the skin for
the duration of their application: mechanical protection
against shearing forces, decrease microbial contamination,
and loss of fluids, electrolytes, proteins, and heat [19]. Other
advantages of cadaveric allograft include their prolonged stor-
age time, and ability to test the viability of a wound bed prior
to autografting. Allograft has a relatively inexpensive product
cost (since they are donated), but remains expensive to har-
vest, prepare, and store.

In spite of its advantages, cadaveric skin carries a theo-
retical risk of transmission of infectious diseases, though
there has not been a documented case of allograft-
transmitted HIV in over 30 years [49]. Commercially avail-
able allograft (GammaGraft®) is sterilized with gamma
rays to eliminate this risk, but these products are more cost-
ly than donated tissue and it is unknown whether gamma
irradiation compromises the structural integrity of the integ-
umentary system or causes long-term harm [1]. Another
issue with cadaveric allografts is the hidden cost associated
with their processing and storage, as their natural shelf life
without lypophilization is merely 7 to 10 days [36]. They
can also take a significant amount of time to apply and must
be held in sufficient supply to enable full coverage of large
percent total body surface area (%TBSA) wounds [14].
Indeed, a recent study conducted by our group revealed that
cadaveric allografts do not compare favorably to
Biobrane®, a popular synthetic dressing, in relation to op-
erative cost and time [14]. Finally, two surgical procedures
must be performed in order to avoid the inevitable rejection
of cadaveric allografts: temporary application of the allo-
graft followed by replacement with an autograft.

Beyond donated cadaveric skin, there are several acellu-
lar covers derived from human dermis that will be discussed
briefly in this review. Commercially available examples
include Alloderm®, Glyaderm®, GraftJacket®, and
Dermamatrix®. These products undergo various
decellularization treatments to remove both the epidermis
and the cellular components of the dermis in order to obtain
an acellular scaffold for dermal regeneration. In terms of
advantages, the resulting skin substitutes are immunologi-
cally inert and can be stored for prolonged periods [36]
while preserving the micro-architecture and porosity of na-
tive dermis [48]. However, they are more expensive than
cadaveric allograft and typically still require two surgical
procedures, as epidermal or thin split-thickness autografts
must additionally be applied to provide a complete set of
new skin.



Curr Trauma Rep (2019) 5:79-89

83

Fig. 2 A 36-year-old female with
70% TBSA full-thickness seen
burn post debridement (a) and
post allograft to torso and anterior
abdomen (b)

Integra® Dermal Regenerative
Template—Biosynthetic Temporary Epidermal
and Permanent Dermal Replacement

History

Drs. Ioannis Yannas and John Burke developed the first re-
generative skin scaffold Dermal Regenerative Template
(DRT) in 1976 [50]. Designed with burn victims at the
Boston Shriners Hospitals in mind, this dermal analog was
first tested with deep skin wounds in guinea pig models.
DRT was initially deemed to be a failure, as it delayed healing
time [51]. However, this extended healing time delayed
wound contraction to allow for wound closure by dermis-
like tissue, termed neo-dermis [52—54]. This discovery led to
the patenting of the “medical device” Integra®DRT in 1983
[55]. In 1996, the FDA approved Integra® DRT for use in
deep partial-thickness and full-thickness burns and, subse-
quently, for unstable scar replacement [11e°].

Product Description
The Integra® Dermal Regenerative Template (IDRT) repre-

sents a scaffold analog of the extracellular matrix (ECM) (Fig.
le). IDRT is a bilayer product comprised of a type 1 collagen-

glycosaminoglycan scaffold (CGS) base layer and a silicone
top layer [52]. In a debrided deep skin wound, the CGS layer
sits over the hypodermis, acting as the dermal ECM template,
while the silicone serves as a temporary epidermal covering
[56]. In physiological wound repair, fibroblasts invade the
damaged skin and contract the wound edges to form a scar.
The collagen type 1 fibers in the IDRT slow this process by
binding fibroblasts via integrin-ligand interactions and
preventing the macroscopic contractile forces [57]. This delay
allows for proper synthesis of a dermal stroma in place of scar,
which gradually replaces the IDRT, leading to formation of a
neo-dermis. After the dermis matures over a period of 2 to
3 weeks during which limited donor sites can heal in time
for re-harvesting, the superficial silicone layer can be removed
and replaced with an epidermal autograft [56].

Currently, Integra® DRT is a well-established product in
the acute burn care [11¢¢] and reconstruction [58—60] of pa-
tients with limited donor sites, exposure of important struc-
tures such as tendons, unstable scar replacement [61], and the
surgical treatment of soft tissue defects [62—65]. In our expe-
rience, IDRT can be applied to a wide variety of anatomical
sites and may be particularly useful in head and neck burns, as
its dermal equivalent prevents contracture and improves cos-
metic outcomes (Fig. 3); as well as in hand burns, as its dermal
scaffold is resistant to shearing forces (Fig. 4).
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Fig. 3 A 26-year-old female with
65% TBSA full-thickness burn
post self-immolation. After the
burnt head and neck skin was
carefully debrided (a), Integra®
was applied in accordance with
aesthetic subunits of the face (b).
The cover was allowed to inte-
grate for approximately 3 weeks
(c) and then the superficial sili-
cone layer was replaced by a sheet
autograft (d)

Advantages and Disadvantages

Integra® DRT boasts a number of advantageous features.
Other than being contraindicated for those with allergic
reactions to bovine products [66], it circumvents the issue
of immunogenicity that limits xenografts and allografts to
temporary coverage. IDRT is also widely accessible off-
the-shelf, where it can be stored for up to 2 years [36]. Its

Fig. 4 A 42-year-old left hand
dominant male with full-thickness
tar burn to the left hand. The burnt
dorsal skin was carefully debrided
(a) before Integra® was applied
on the clean wound bed (b). The
cover was allowed to integrate for
3 weeks and then the epidermal
layer was replaced by a sheet au-
tograft (c). The long-term aes-
thetic results are depicted in (d)
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neo-dermis allows for thinner autografts, thereby mini-
mizing donor site morbidity. Importantly, IDRT has also
demonstrated improved long-term elasticity and cosmesis
compared to split-thickness skin grafting alone [67].
Finally, the product is additionally offered in single layer
form (IntegraSL®), which allows for simultaneous appli-
cation of the dermal matrix together with an overlying
epidermal or thin split-thickness autograft in patients with




Curr Trauma Rep (2019) 5:79-89 85
Table2 Comparison of reviewed wound covers in relation to the ideal skin substitute characteristics

Characteristics Xenografts Allografts Integra® MatriStem™ UBM
Inexpensive v v relatively X X

Off-the-shelf v X (other than fresh) v v

Long shelf life v v if cryopreserved or lyophilized v v

Durable v v v v

Pliable Product-dependent v v v

Ease of handling (1 procedure) X X X X

Non-antigenic X X v v

No disease transmission risk X theoretical risk X theoretical risk v v

Permanent (integrated in wound) X X v v

Minimal donor site morbidity - - v -

Resembles native skin anatomy X v X X

Barrier to fluid loss and shear v v v v

Resistance to local infection X v X

Produces stable scar v

adequate donor site availability. Integra™ Matrix Wound
Dressing is another available product which can be used
single stage or in conjunction with a thin skin autograft.
Integra™ Matrix is a collagen-glycosaminoglycan biode-
gradable matrix that provides a scaffold for dermal
regeneration.

Despite its advantages, Integra® DRT is not without
shortcomings. It has been associated with a greater risk
of hematoma and seroma formation that predispose to
infection and total loss of the product, particularly given
its lack of inherent antibacterial qualities [3, 67].
Nonetheless, it can be meshed at a 1:1 ratio to help avoid

hematomas and seromas while optimizing the bioavail-
ability of antimicrobial dressings. This countermeasure
illustrates another drawback of IDRT: it requires skilled
surgeons who have overcome a significant learning curve
to use it properly [11e¢]. Additionally, IDRT is cross-
linked with glycosaminoglycans, which have anti-
angiogenic properties, albeit no clinical studies corrobo-
rating their theoretical impairment in wound healing [68].
Another issue is that IDRT cannot provide a full dermo-
epidermal replacement despite its substantial cost [69].
Lastly, the evidence for its use remains modest and should
be expanded [67, 70].

Table 3 Advantages and disadvantages of reviewed wound coverage options
Reviewed cover Advantages Disadvantages
Porcine xenografts  <Inexpensive *Less similar to host skin than allografts

*Long shelf life
*No surgical intervention required
*Full dermo-epidermal skin substitute

Cadaveric allografts *More similar to host skin than xenografts
*Test wound bed viability prior to autografting
*Long shelf life if lypophilized or cryopreserved
(but otherwise short)

Integra® *Non-antigenic
*Naturally integrates into wound
*Long shelf life

*Off-the-shelf availability

Limited to temporary coverage
*Contraindicated in allergies to porcine materials.
Cross-linking may compromise wound healing

Limited to temporary coverage

*Theoretical risk of infectious disease transmission
*Application requires two surgical procedures
«Significant operative time and cost

*Must be held in sufficient supply to enable full coverage

*Expensive

*Contraindicated in allergies to bovine materials
*Risk of hematoma and seroma formation
*Risk of infection and loss of product

Better elasticity and cosmesis than split-thickness skin grafting alone <Significant learning curve for use

*Minimal donor site morbidity

MatriStem™ *Naturally integrates into wound
*Long shelf life

*Off-the-shelf availability

*Cross-linking may compromise wound healing
*Only substitutes dermis

*Relatively expensive
*Extremely limited research on its use as yet
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Alternative Skin Substitutes

Interestingly, several skin substitutes have been developed and
have promising results as wound covers yet are poorly inte-
grated into clinical practice. We discuss one product,
MatriStem™, in this review in order to generate discussion
about this promising product. MatriStem™ is a natural single
layer dermal substitute.

MatriStem™—Temporary Biologic Dermal
Replacement

History

As early as 1966, experiments with submucosal autografts of
veins were successful in dogs [71]. The ECM of submucosal
grafts provided a matrix for tissue regeneration after the tissue
was devitalized and rendered acellular [72, 73]. By the advent
of the twenty-first century, small intestine submucosa of pigs
was being used successfully as xenograft material in humans
[74]. The use of porcine urinary bladder, as opposed to intes-
tine, as an ECM scaffold was patented in 1999 by Dr. Alan
Spievack, who founded ACell® [72, 75]. The FDA approved
the first ACell® products in 2002 for use in trauma wounds
including partial-thickness burns [76].

Product Description

ACell’s MatriStem™ Urinary Bladder Matrix (UBM) is a
porcine-derived ECM scaffold (Fig. 1f). The UBM is obtained
by harvesting bladder tissue from a pig and then de-
epithelializing it with a hypertonic solution. The epithelial
cells are hence separated from their basement membrane and
the remaining abluminal tissue can be removed by mechanical
or chemical (enzymatic) means [72]. Porcine UBM is unique
in that it retains its basement membrane following enzymatic
treatment [77]. The intact basement membrane ECM can then
be placed on damaged tissue. This provides a medium that
encourages cell growth, migration, and development. Over
the first 14 days, mononuclear cells infiltrate the ECM matrix
while its scaffold degrades. Site-specific endothelial cells pro-
vide remodeling in the wound bed thereafter. Additionally, the
basement membrane complex prevents invasion of fibro-
blasts, effectively reducing scar formation. The result is
well-formed, functional tissue [77—79]. According to a grow-
ing number of studies conducted from 2010 onward,
MatriStem™ UBM has been successfully used in deep
partial-thickness burn injuries [80¢], ulcers [81-84], and gas-
troenterological [85—87], genitourinary [88-91], and other re-
constructive [84, 92-94] surgeries. It was also recently report-
ed to be used in the treatment of a right atrial sarcoma [95] and
a left atrial hemangioma [96].
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Advantages and Disadvantages

The advantages of MatriStem™ UBM include its immediate
availability as an off-the-shelf product and its ability to be
stored at room temperature (Table 2). While it appears to have
performed favorably thus far in terms of important parameters
including wound healing time and surgical site infection rates
[97], the published evidence for its use remains extremely lim-
ited, particularly with respect to burns [80¢]. Furthermore, it is a
relatively expensive product whose cost falls between that of
synthetic grafts and most comparable biological grafts [88].

Conclusions

This brief review describes and appraises four wound coverage
options: xenografts, allografts, Integra®, and MatriStem™
(Table 2). The review highlights the first wound cover de-
scribed (xenograft), provides comprehensive information for
two commonly used products (Integra® and allograft), and
highlights a promising yet infrequently utilized product,
MatriStem™. The advantages and disadvantages of each
wound cover are summarized in Table 3 to facilitate compari-
son. Various other wound cover options are available to pro-
viders caring for wounds, each with their own risk-benefit pro-
file. When considering wound covers, clinicians should com-
pare and contrast options in order to select the most appropriate
wound coverage options with regard to cellularity, layering,
replaced region, material, and permanence.

Due to the characteristic deficiencies of each currently avail-
able skin substitute, new technology is being aggressively pur-
sued to expand the burn care provider’s armamentarium. Skin
bioprinting or 3D printing of the skin is a novel technology that
was first developed in 1984 by Charles W. Hull [98e, 99¢, 100].
Due to the substantial advances in engineering, industrial design,
biotechnology, and medicine of the last decade, there has been
significant progress in the in vitro development of this new tech-
nology. Three-dimensional printing offers the distinct advantage
of reproducibly allowing for precise layering of extracellular ma-
trix, growth factors, and epidermal cells [98e, 99, 100]. It also
provides an alternative when faced with a shortage of donor sites.
3D printing is a promising novel skin substitute option owing to
these advantageous features. Another interesting area of research
is the use of stem cells in the treatment of dermatological condi-
tions such as wound regeneration. Compared to the traditional
skin substitutes, stem cells are advantageous in that they have the
potential to differentiate into various cells types, thus creating
integumentary components that are missing (for example, hair
follicles or elastin) in currently available skin substitutes [101,
102]. As each patient possesses adult stem cells, this tissue engi-
neering technology will profoundly impact wound care if it suc-
ceeds in offering a full dermo-epidermal replacement without the
risk of immune rejection.
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Despite promising novel technology such as 3D skin print-
ing and stem cells, no perfect wound cover is presently avail-
able. The optimal choice for a given patient is context-
dependent and rests on a number of factors that should be
collectively taken into consideration. These include cost,
availability, shelf life, ease of use, permanence, anatomic ex-
tent of the wound, inflammatory response elicited by the prod-
uct, and resistance to fluid loss, infection, and shearing forces.
Regardless of the cover, the importance of properly applying
the principles of wound management—early and adequate
debridement, infection control, and perfusion restoration—
cannot be overstated. Therefore, characteristics of a specific
wound as well as careful evaluation of these parameters
should guide healthcare providers toward selecting the most
appropriate cover for an individual patient.
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