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Abstract

Background. An extracellular matrix (ECM) is a network of proteins and other molecules
that provide support and structure to cells and tissues in the body. Since its discovery in
1930, researchers have reproduced the ECM through an array of evolving technologies,
developing products that accelerate healing times, minimize scarring, and reduce pain.
When selecting which ECM product to use, physicians rely on personal experience while
considering wound location, type of tissue lost, exposed structures, chronicity, and even
the patient’s religious preferences. While comparison trials between a few different types
of ECMs exist, there lacks a thorough investigation that assesses a majority of ECMs
against each other. 

Methods. Herein, we conducted a literature review using the PubMed database and
utilized 71 articles to identify the best ECM for wound healing and positive patient
outcomes. The primary search terms included extracellular matrix, xenograft, porcine,
bovine, allograft, bioengineered matrix, acellularized fish skin, wounds, wound healing,
and wound care. We did not exclude any specific type of research, but predominantly
reviewed clinical trials, case series, and other review articles. We focused on the most
popular and commonly used ECMs and constructed our results into the Table.

Results. We compared the indications, advantages, and disadvantages of each ECM and
concisely illustrated these findings to provide a guide on how to select an ECM (Table).
Allografts, whether they are glycerol or cryopreserved, suffice as a treatment choice and
are superior to exposure healing. However, they do not produce healing at the same rate
or quality as bioengineered matrices, porcine and bovine xenografts, or acellularized fish
skin (AFS). Bioengineered matrices and porcine and bovine xenografts offer antimicrobial
properties, low immunogenicity, cost effectiveness, and availability. The compromise with
these ECMs is with healing times and cosmesis. Acellularized fish skin (AFS) provides
diverse utility, antimicrobial activity, low immunogenicity, faster healing times, and
cosmetic superiority. However, AFS yields a potential cost burden and is not plentiful or
easily accessible in some parts of the world. 
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Conclusions. Our findings assist in removing the subjectivity component of selecting an
ECM and suggest further comparison or head-to-head trials would yield a more
algorithmic approach to wound healing. We suggest to consider implementing the
Disabilities of the Arm, Shoulder, and Hand (DASH) score as an additional objective
comparison method in these future trials. 

Introduction

An extracellular matrix (ECM) is a network of proteins and other molecules that provide support
and structure to cells and tissues in the body. In 1930, a French team of scientists led by Jean
Nageotte synthesized the first known ECM by solubilizing and reconstituting collagen fibrils.
Since the initial discovery, researchers have reproduced the chemical, physical, and biological
properties of the ECM through an array of evolving technologies, developing products that
accelerate healing times, minimize scarring, and reduce pain. When selecting which ECM
product to use, physicians rely on their own experience while considering wound location, type
of tissue lost, exposed structures, chronicity, and even the patient’s religious preferences. While
comparison trials between a few different types of ECMs exist, there lacks a thorough
investigation that assesses a majority of ECMs against each other. 

Methods and Materials

Herein, we conducted a literature review using the PubMed database and utilized 71 articles to
identify the best ECM for wound healing and positive patient outcomes. The primary search
terms included extracellular matrix, xenograft, porcine, bovine, allograft, bioengineered matrix,
acellularized fish skin, wounds, wound healing, and wound care. We did not exclude any specific
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type of research, but predominantly reviewed clinical trials, case series, and other review
articles. Due to the limited available data, we did not tightly constrain our study selection nor the
date range of publications, although a majority of the articles evaluated were published after the
year 2000. We focused on the most popular and commonly used ECMs and knowingly omitted
autografts since they presented a unique set of additional variables that diverged from the scope
of this paper. We then summarized our comparisons of each ECM in the Table. 

Results

Allografts 

Indication for a skin allograft typically occurs when autografts are unavailable. They are almost
always taken from cadavers because living donor tissue offers minimal healing advantages to
justify the need for pre-harvest investigations, anesthesia, surgery, pain, wound healing issues,
scarring, and hospitalization. Once screening of the cadaver tissue is complete and proper
authorization has been obtained, the skin is procured, processed, and preserved for
transportation.

Cryopreservation and glycerol preservation are the 2 primary techniques for preparing allografts.
Both methods maintain structural integrity and produce low pain levels similar to autografts.
However, between the 2, cryopreservation yields a higher level of tissue viability (n = 48, P <
.05) while glycerol preservation allows for longer storage times and is more cost effective.  In a
comparison study simulating clinical conditions on a porcine wound model, the 2 techniques
elicited equal take rates after week 1.  Fibroblast hyperplasia and neovascularization rates were
also not found to be statistically significantly different between the 2 methods.  However, the
cryopreservation group produced more microscopic inflammation after week 2, and at week 5,
glycerol preservation allografts yielded higher rates of collagen fiber synthesis (2.67 ± 0.47 vs
2.33 ± 0.47).  Therefore, this suggests allografts undergoing glycerol preservation are not
impeded by microscopic inflammation and heal quicker than cryopreserved allografts.
Nevertheless, regardless of healing rates, final clinical outcomes between these 2 techniques of
preparing skin allografts are not significantly different.  

When comparing cryopreserved allografts to healing by natural exposure, a difference in clinical
outcomes becomes evident. Leicht et al demonstrated that 15 out of 25 patients (60%) receiving
cryopreserved allografts healed at 14 days compared with 7 out of 23 patients (30.4%) healing
by natural exposure.  They also identified that the cryopreserved allografts tended to yield better
cosmetic scores than those of the exposure group, but the difference was not statistically
significant (n = 48, P = .11).  

Allograft Discussion and Evaluation

Assessing allografts overall as a type of ECM, we deduce that they are superior to exposure
healing, but neither glycerol-preserved allografts nor cryopreserved allografts exhibit a definitive
advantage over one another. However, both types of allografts possess the desirable properties
of autologous skin, such as reducing pain, adhering to the wound bed, preventing wound
desiccation, stimulating vascularization, improving thermoregulation, protecting against bacterial
contamination, providing a dermal matrix, and creating a wound closure that decreases water,
electrolyte, and protein loss. Therefore, we find allografts to be a satisfactory ECM and most
beneficial for limiting pain when used as a prelude to an autograft.

Bioengineered Matrices

Another type of ECM we reviewed is a bioengineered matrix. Bioengineered matrices are
synthesized from a variety of materials and allow for the transmission of water vapor while
providing several benefits, including rapid and sustained wound adherence, impermeability to
external bacteria,  and pliability.  These nonantigenic ECMs promote cell migration, proliferation,
and growth. Low in cost with an indefinite shelf life and minimal storage requirements,
bioengineered matrices have become a popular choice of ECM in the wound healing
community.  
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Silicone and nylon. One type of bioengineered matrix we reviewed consisted of a silicone
membrane and nylon mesh impregnated with porcine dermal collagen. This bioengineered
matrix was compared with frozen human cadaver allografts in a 2-year multicenter study.  The
number of dressing changes, amount of area changed, purulence, graft take, final results, and
number of complications for each matrix were analyzed. For each of these variables, no
significant difference was found between sites covered with allografts and sites covered with this
porcine-impregnated silicone membrane and nylon mesh extracellular matrix.  A later
comparison trial then revealed the superiority of this type of bioengineered matrix to the
cadaveric allograft in both procedure time (cadaveric allograft, 54.78 ± 74.59 minutes vs porcine-
impregnated silicone membrane and nylon mesh matrix, 21.12 ± 10.66 minutes; n = 45, P =
.022) and associated cost per percent total body surface area (cadaveric allograft, $301.03 ±
$141.42 vs porcine-impregnated silicone membrane and nylon mesh matrix, $166.09 ± $80.24;
n = 45, P = .0003).  Therefore, this demonstrated a bioengineered matrix could be as effective
in wound coverage as frozen human cadaveric allografts while also being faster to apply and
less expensive. 

Foreskin-derived ECMs. In a different 2-year clinical trial examining multiple elements of
wound healing outcomes, patients treated with a bioengineered matrix consisting of living
foreskin-derived keratinocytes, fibroblasts, and bovine collagen were compared with those of a
control group of patients receiving autografts and/or autografts meshed with allografts.
Patients in the foreskin-derived bioengineered matrix group achieved significantly higher rates of
normal pigmentation (45% vs 13%; n = 38, P = .0005), vascularity (47% vs 16%; n = 38, P =
.0005), pliability (61% vs 13%; n = 38, P < .0001), and scar height (61% vs 37%; n = 38, P =
.0117) than were seen in the control group.  In addition, 58% of patients with wounds treated
with this foreskin-derived bioengineered matrix achieved an overall cosmetic appearance that
was better than that seen in the control group; another 26% of patients had results that were
equivalent to those of the control group (n = 38, P = .0037). Consequently, this trial provided
evidence supporting the cosmetic superiority of bioengineered matrices over autografts and
allografts. 

This cosmetic superiority was also replicated when this same foreskin-derived bioengineered
matrix was compared with secondary intention healing. Furthermore, a similar bioengineered
ECM made of neonatal dermal fibroblasts without the bovine collagen demonstrated faster
closure (n = 25, P = .056) and higher rates of both complete closure (50% vs 8% n = 25, P =
.03) and 50% closure (75% vs 23%; n = 25, P = .018) within 8 weeks compared with
conventional wound closure.  These results illustrated that the improved cosmesis of
bioengineered matrices is even accomplished at faster rates.

Polyurethane dermal matrix. One other bioengineered ECM worth mentioning is derived from
a man-made synthetic polyurethane dermal matrix. Mechanistically, it creates suitable wound
beds for skin grafts by promoting the infiltration of cellular materials and supporting dermal
reconstruction. Application occurs in a 2-step process where the biodegradable temporizing
matrix (BTM) is first laid on a clean wound bed, and then a split-skin graft is applied weeks later.
In the first phase, the BTM allows cells and blood vessels to form a vascularized neo-dermis in
as little as 2 weeks.  Once the polyurethane matrix has degraded naturally via hydrolysis, the
sealing membrane of the product may be removed, and a split-thickness skin graft can be
applied.  In vitro studies have confirmed BTM to be biocompatible.  This type of bioengineered
ECM is indicated for use in managing partial- and full-thickness wounds, pressure ulcers,
venous ulcers, diabetic ulcers, chronic and vascular ulcers, surgical wounds, and trauma
wounds, including deep second-degree burns, third-degree burns, and draining wounds.  The
application of this product is contraindicated in wounds with necrotic tissue present. Such
wounds must be surgically debrided with the addition of antimicrobial dressings before this
product is used. 

Two case series highlight the benefits of this polyurethane-derived matrix. Li et al identified 33 of
35 wounds as having 100% integration of the matrix by the time the sealing membrane was
removed, while 7 of the wounds that had partial graft loss were healed by secondary intention.
In addition, 2 of the wounds had complete re-epithelization with the matrix alone and did not
require split-thickness skin grafts.  Solanki et al pointed out that the polyurethane matrix
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integrated, on average, 2 to 4 weeks after application and demonstrated improved concavity and
a high take rate if the neo-dermis formed well.  Therefore, one can reasonably conclude that a
polyurethane dermal matrix may be a great choice for an ECM since it produces a naturally thick
dermis with minimal contractures, limited tethering of underlying structures, and lower immune
rejection and infection rates.  However, more studies are needed to compare it directly with
other dermal matrices.

Healing Process

Further studies also assessed advantages and disadvantages in the healing process with using
bioengineered matrices. In Jones and Nelson’s review of 15 randomized control trials that used
skin grafts to treat venous leg ulcers, the trials comparing bilayer artificial skin to standard of
care dressings reported a significantly higher proportion of ulcers that healed with engineered,
artificial skin. However, a prospective cohort study comparing a bioengineered matrix made of
silicone with a bilaminate sheet of cross-linked bovine tendon collagen and shark
glycosaminoglycans (chondroitin-6-sulfate) to decellularized dermis and allografts yielded
somewhat conflicting findings.  Compared with the bioengineered matrix, the decellularized
dermis and allografts resulted in less fibrosis (n = 50, P = .047 and .03, respectively) and a
larger portion of regenerated dermis (n = 50, P = .003 and < .0001, respectively). Therefore,
these findings suggest that bioengineered matrices may be cosmetically superior but may not
yield the most desirable healing outcome since the scar may be more fibrotic and regenerate
less dermis. 

These fibrotic scarring outcomes are further supported by a study that used a cutometer to
measure skin elasticity in wounds. Glycerol-preserved allografts were found to possess
significantly superior skin elasticity when compared with engineered carboxymethylcellulose-
based grafts (n = 80, P = .010). Nevertheless, even with more fibrotic scars, bioengineered
matrices still remain a viable option as an ECM. 

Cosmetic and Overall Outcomes

Another important factor to consider is that cosmetic outcomes and healing properties can also
vary between the different types of bioengineered matrices. Although there is limited statistically
significant evidence to support this claim, there exists clear descriptive analysis demonstrating
this phenomenon. For example, multiple studies suggest a bioengineered matrix made from an
esterified form of hyaluronic acid to be preferred when faster wound healing is required, while a
matrix made from silicone with a bilaminate sheet of cross-linked bovine tendon collagen and
shark glycosaminoglycans (chondroitin-6-sulfate) is preferred when the goal is a better cosmetic
outcome.  The hyaluronic acid–derived matrix achieved re-epithelization in 83% of ulcers in a
median time of 16 days, which was supported by observations of better cell regulation,
extracellular matrix regeneration, and neoangiogenesis.  In comparison, the silicone cross-
linked bovine tendon collagen and shark glycosaminoglycans (chondroitin-6-sulfate) matrix
achieved cosmetic favor due to observations of better skin color; more elastic regenerated
dermis; and better overall physical, mechanical, and optical properties.  

In addition to cosmesis and rate of healing, preference also exists based on the type of wound
being treated. For example, bioengineered matrices made of neonatal dermal fibroblasts without
bovine collagen and bioengineered matrices made of living foreskin-derived keratinocytes,
fibroblasts, and bovine collagen are preferred for the treatment of diabetic foot ulcers (DFUs).
This does not indicate that other bioengineered matrices will not be effective but rather that
multiple studies observed that these 2 types of matrices interact the best with the healing
conditions of DFUs.  These minor discrepancies are not meant to detract from the benefits of
bioengineered matrices; instead, these reports should be used as supplemental information to
help select the ECM best suited to achieve the desired patient outcome. 

Bioengineered Matrices Discussion and Evaluation

Evaluating bioengineered matrices as a collective type of ECM, we acknowledge these products
have the clear benefits of always being available in any quantity and not needing graft
harvesting or harvest site healing. Consequently, these products carry a negligible cross-
infection risk while offering cosmetic superiority, cost effectiveness, increased healing rates,
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faster healing rates, quicker procedure times, less pain, and fewer complications than skin
grafting. However, we also understand that a fast healing and aesthetic wound does not
necessarily guarantee excellent vascularization or a strong, elastic scar. Furthermore, we
appreciate that bioengineered matrices produce a range of outcomes due to the variety of
materials used to create them. Therefore, we recommend tailoring bioengineered matrix
selection to the desired outcome. For example, a porcine-impregnated silicone membrane and
nylon mesh bioengineered matrix may be a great ECM choice in military and mass casualty
settings due to its short procedure time. Meanwhile, a bioengineered matrix containing living
foreskin-derived keratinocytes, fibroblasts, and bovine collagen may be a great option to treat a
DFU or for those wanting to optimize cosmesis and avoid psychological stress and reoperation.
This breadth of utility highlights why we find bioengineered matrices to be an excellent ECM
option for wound healing.

Xenograft ECMs

Looking beyond bioengineered matrices, we chose to assess xenografts as a distinct type of
ECM. Xenografts are grafts obtained from animal species and placed onto the human body.
These species have historically included chickens, rats, pigeons, cats, dogs, frogs, cows, and
pigs.  When xenografts are utilized as temporary wound barriers, the interaction between the
graft and wound leads to a new immune response. This immune response initiates a wound
healing process by stimulating cellular elements and components, such as growth and
chemotactic healing factors. The newly initiated immune response results in tissue repair and re-
epithelization beneath the xenograft. Capillaries and vascular structures do not proliferate into
the graft and eventually the xenograft is ejected, not rejected, as new dermis forms
below.  Over time porcine skin became the xenograft of choice due to its histological
structure similarities to human dermis.  Consequently, a majority of research evaluates porcine
as the primary xenograft and therefore will be our initial focus before elaborating on additional
types of xenografts.

Porcine Grafts

Currently, porcine grafts treat partial thickness burns,  split-thickness skin graft donor sites,
and exfoliative skin conditions, such as toxic epidermal necrolysis.  The grafts have
demonstrated advantages in reducing pain, maintaining proper moisture conditions, protecting
the wound from external conditions, and preventing infections due to their antibacterial nature.
Compared with the numerous other ECMs available, porcine xenografts are relatively cost
effective and affordable. In addition, there is an abundance  of supply, and they provide large
dressing sizes that are used for large surface areas difficult to cover with other ECMs. Porcine
xenografts also can be formulated into a powder, enabling conformation to the tunneling and
undermining in wounds. 

Initially, porcine skin grafts were not viable options due to hyperacute rejection by the host as a
result of preformed antibodies, most significantly to the α-1,3-galactose (Gal) moiety present on
swine cell membranes.  However, genetic modification of swine has allowed researchers to
knock out the gene GalT-KO, which encodes α-1,3-galactosyltransferase.  Today, acute
rejection due to preformed host antibodies is rare, and there is usually no major immune
response and a negligible detection of anti-donor antibodies to the graft.  In addition to
genetic modification, porcine skin grafts are often further prepared and preserved with
glutaraldehyde, a protein with cross-linking properties. This preparation produces increased
durability and efficacy of the grafts.

One notable xenograft we investigated contained an extracellular collagen-rich matrix derived
from porcine small intestinal submucosa (SIS). This biocompatible, acellular, nonimmunogenic,
and biodegradable tri-layer of SIS had a thickness of 0.30 mm.  Approximately 90% of this
matrix was composed of collagen while ECM proteins, including glycoproteins and
glycosaminoglycan, made up the remainder of the matrix. Fibronectin, one of the important
glycoproteins in this matrix, allows for the attachment of many cell types, especially endothelial
cells. This attachment promotes the development of connective tissue cells.  Therefore, when
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this specific xenograft was placed on wounds, it acted as a native tissue scaffold, providing
structural support while minimizing the inflammatory response.  This ECM product was easily
absorbed and not difficult to handle. 

SIS-derived matrices have also shown great results in tissue remodeling when applied to
multiple animal models. A case series by Aboulssa et al tested the clinical outcome of SIS when
applied to 6 different wound types: chronic venous ulcer, nonhealing Achilles tendon vasculitic
wound, Marjolin’s ulcer, posttraumatic wound, stage IV sacral-coccygeal pressure wound, and a
complicated transmetatarsal amputation of gangrenous DFU of the left forefoot. The number of
treatments ranged from 1 to 12 applications over a 4- to 16-week period. With the addition of the
SIS, the wounds healed within the expected time periods without complications, and, in some
cases, the healing process was even accelerated; this accelerated healing was thought to be
due to the disruption of the prolonged inflammatory phase.  These findings led the researchers
to conclude that, in these 6 specific wound types, the standard of care is insufficient and can be
improved by SIS-derived xenografts.

Xenografts are also effective in the debridement of infected burns and ulcers. Porcine skin
specifically demonstrated a reduction in heavy bacterial colonization in wound bedsand removed
slough from burns and ulcers.  Although these properties are well explored, the
mechanism remains unclear. It is believed that the tight adherence of the porcine grafts is the
source of antibacterial action. Furthermore, these grafts maintain proper hydration of the wound
and prevent extremes of fluid collection or desiccation that often leads to necrotic and infected
tissue.  Limiting risks for infection consequently has contributed to porcine xenografts being
associated with significant pain reduction.    

Bovine Xenografts

In addition to porcine xenografts, research has also explored bovine grafts, especially in the
treatment of DFUs. Fetal bovine dermal repair scaffold, also known as fetal bovine collagen
(FBC), is an acellular dermal matrix that is derived from fetal bovine dermis. It acts by attracting
and binding the patient’s own cells and growth factors, such as vascular endothelial growth
factors.  This supports the revascularization and epithelization processes. Fetal dermis also
contains a higher percentage of type III collagen compared with adult dermis, and this specific
collagen is more active in healing and developing tissues.  Kavros et al conducted a
multicenter, prospective study of 46 patients with DFUs that had been present for a mean 286
days with an average size of 4.34 cm.  After a single application, 59.1% of the DFUs healed
within 12 weeks; with 2 applications of the FBC, an additional 22.9% healed. For the individuals
whose wounds did not heal, the average wound area reduction was 71.4%.  

In another clinical trial, 207 patients with non-healing DFUs were treated with either the standard
of care or FBC. In this study, Lantis et al found the mean time to closure was 43 days for FBC
and 57 days for standard of care. In addition, adverse events were similar between the 2 groups.
It was concluded that the addition of FBC to the standard of care offered a safer and more
effective treatment than the standard of care alone.  The results of FBC are promising, and this
xenograft should be considered as a possible first line treatment for DFUs.

Xenograft Discussion and Evaluation

Xenografts have been reliable ECMs used to treat nonhealing partial-thickness burns, split-
thickness skin graft donor sites, and DFUs for many years. Their ability to reduce pain, maintain
ideal moisture conditions, create a wound barrier, and prevent bacterial growth have made them
advantageous over other traditional treatments. Compared with other ECMs, porcine and bovine
xenografts are readily available in various sizes and are relatively affordable for most patients.
Therefore, we believe that xenografts are a great option for ECM replacement therapies.       

Acellularized Fish Skin

In recent years, acellularized fish skin (AFS) sprouted as its own category within xenografts and
has become a major rival to porcine skin grafts. AFS is primarily harvested from 2 species of
fish: Nile tilapia and North Atlantic cod. The Nile tilapia, provided by fish farmers in East Africa, is
currently exclusive to the tropical and subtropical regions. On the other hand, the North Atlantic
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cod is harvested in Iceland and available worldwide.  The fish skin is prepared through osmotic
manipulation using a light detergent, unlike other xenografts that require preparation with costly
chemicals and stronger detergents.  This allows the fish skin to maintain a strong scaffold
structure without losing its important molecular components. In addition, a morcellated form of
fish skin grafts exists, permitting more precise graft placement and treatment of more
anatomically challenging areas. Currently, fish skin indications include treatment of partial- and
full-thickness burns, pressure ulcers, chronic vascular ulcers, DFUs, trauma wounds, surgical
wounds, and draining wounds.

For burn management, studies highlighted the effect of AFS on re-epithelization time, potential
pain reduction, and treatment-related costs. With standard treatments, such as silver
sulfadiazine cream, re-epithelization may take up to 2 weeks for superficial partial-thickness
burns and greater than 3 weeks for deep partial-thickness burns.  Júnior et al found that use of
Nile tilapia grafts decreased the time until complete re-epithelialization by 1.43 days in
outpatients and 1.14 days in inpatients.  In another case-control study, Wallner et al found a
combination of North Atlantic cod and enzymatic debridement to have a re-epithelization time of
22 ± 6.3 days compared with 45.6 ± 6.6 days in patients treated with an alloplastic wound
substitute and enzymatic debridement. They also identified that North Atlantic cod re-
epithelializes faster than split-thickness skin grafting (34.7 ± 12.5 days).  In regard to pain
intensity, both studies revealed decreased anesthetics usage when either Nile tilapia or North
Atlantic cod grafts were used.

When used to treat chronic, nonhealing wounds, such as vascular and diabetic ulcers, AFS
grafts have also been found to provide notable benefits. Michael et al analyzed the efficacy of
AFS in full-thickness DFUs by measuring the surface area of the wound beds over a 16-week
period. They discovered AFS grafts decreased the mean wound surface areas by 87.57% and
that 35 of 58 wounds (60.34%) fully healed within the 16 weeks.  In another study, Yang et al
conducted a prospective clinical study analyzing the role of AFS grafts in chronic diabetic,
arterial, and venous ulcers in 18 patients. At 5 weeks after application of the grafts, they found a
40% decrease in mean wound surface area (n = 18, P < .05) as well as a 48% decrease in
wound depth (n = 18, P < .05). Furthermore, they found 3 of the 18 patients with chronic wounds
to be completely healed by the end of the 5-week period.  These results demonstrate how AFS
grafts positively affect healing and provide evidence as to why AFS grafts warrant continued
investigation.

Other advantages to fish skin grafts include their ability to provide antimicrobial environments to
the wounds due to the presence of omega-3 polyunsaturated fatty acids, including
docosahexaenoic acid and eicosapentaenoic acid.  In addition, fish skin contains collagen,
fibrin, proteoglycans, glycosaminoglycans, and growth factors, all important components that aid
in accelerated healing rates compared with standard of care options. These components
also do not induce hypersensitivity reactions or lead to additional inflammatory reactions.  

Cost and Availability

It is important to note that approximately 85% of burns occur in low- and middle-income
countries. Therefore, affordable burn care should be a priority and unfortunately is often
overlooked.  Compared with other xenografts, AFS grafts are more cost effective since they
require less processing and a shorter manufacturing period.  In fact, this was identified in a
recent study that found patients who received treatment with Nile tilapia AFS had a reduction of
up to 42% in total costs compared with standard treatment options.  Although this finding is
promising, we must be mindful that the Nile tilapia is currently only available in tropical and
subtropical regions and that this cost benefit can only be applied to these patient populations.
Data regarding the cost effectiveness of North Atlantic cod is minimal, but it should be noted that
this is an expensive matrix, and additional studies evaluating its role in the cost of wound
management is important.

Acellularized Fish Skin Discussion and Evaluation
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Fish skin grafts have emerged as novel treatments for various wounds, such as burns and
chronic ulcers. Although additional clinical trials are required before these products replace
standard treatments, AFS proves to be a strong alternative due to its ability to accelerate wound
healing through the presence of natural omega-3 polyunsaturated fatty acids and its ability to
provide antimicrobial environments.  In addition, although Nile tilapia AFS has regional
limitations, the availability of North Atlantic cod AFS ensures that global distribution of AFS will
not be an issue. However, we acknowledge that the cost burden between these 2 AFS products
are not equal. Therefore, when evaluating AFS as an ECM, we believe it stands out among
other treatments with its ability to reduce pain, provide improved re-epithelialization, and
decrease wound depth, but the patient’s financial status should be carefully considered in
conjunction AFS availability before selecting it as treatment.

Limitations

A notable limitation of our literature review is that although we were able to evaluate the different
ECMs across different types of wounds, several studies primarily focused on burn wounds. The
healing process should have limited variation between types of wounds, but nonetheless we
acknowledge this as a potential bias. Another limitation is that we did not assess every type of
bioengineered matrix or xenograft but instead focused on the most popular and commonly used
ones. Therefore, we could potentially unknowingly neglect highlighting unique healing benefits of
a specific type of ECM. Lastly, we did not explore cell-signaling products or placental-based
therapies involving stem cells and protein stimulation of native cell receptors as they are out of
the scope of this article. However, we acknowledge that although they are not ECMs per se,
these treatments contribute to wound healing and a future paper exploring their applications
would be valuable to the literature.  

Figure. Disabilities of the Arm, Shoulder, and Hand (DASH)
score calculation where n is number of responses.

Implementation of DASH Score

Outside of these limitations, we would also like to highlight a potential novel method of
assessing and comparing the efficacy of various ECM products in the future. We propose
implementing the Disabilities of the Arm, Shoulder, and Hand (DASH) score. The DASH
questionnaire is a self-report questionnaire that explores the ability of a patient to perform
certain upper extremity activities, including “make a bed” or “use a knife to cut food.” Patients
rate their abilities to perform these tasks on a 5-point scale representing no difficulty, mild
difficulty, moderate difficulty, severe difficulty, and unable to do the task. The sum of the
responses is divided by the number of responses, and one is subtracted from this value; the final
value is multiplied by 25. The formula can be found in the Figure.

Typically, the DASH score is used to monitor upper extremity functionality after musculoskeletal
(MSK) surgeries.  Studies have found the DASH score to be an effective tool in detecting and
differentiating both small and large changes in disability over time in patients with MSK
disorders.  Although it is only limited to the upper extremity and in those with MSK disorders,
we believe the DASH score has considerable potential to be used in wound management,
especially for traumatic or complex wounds. Not only will it allow providers to understand how
these wounds affect their patients’ lives, but it may also serve as a clinical measurement of how
well wounds are healing. Furthermore, comparing DASH scores in patients treated with different
matrices will allow providers to compare which products lead to better outcomes.         

Conclusions

After reviewing allografts, bioengineered matrices, xenografts, and AFS, we compared
indications, advantages, and disadvantages of each ECM. We surmise that the benefits of AFS
include diverse utility, antimicrobial activity, low immunogenicity, faster healing times, and
cosmetic superiority. It is important to note that AFS can produce a potential cost burden as it is
not always covered by insurance and is not plentiful or easily accessible in some parts of the
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world. However, these problems will likely be solved as current studies continue to produce
positive patient data and further investigate other types of fish species and the use of AFS as
combination therapy with other ECMs. 

Bioengineered matrices and porcine xenografts are other great therapeutic options and are
viable alternatives to AFS. Their benefits include antimicrobial properties and low
immunogenicity, both of which are desired in an effective skin graft. Furthermore, they can be
utilized in a variety of situations, are cost effective, and readily available. One downside is that
these products require longer healing times and do not produce the same cosmesis as AFS. 

Lastly, allografts, whether they are glycerol or cryopreserved, are also a viable choice of
treatment. They are clearly better than exposure healing, and while they may not heal as quickly
or produce cosmetic results that are as desirable as those seen with AFS, bioengineered
matrices, or porcine and bovine xenografts, they still possess the desirable properties of
autologous skin while stimulating vascularization and providing an adequate antimicrobial barrier
and wound closure. With these conclusions, we intend for ECM selection to require less
subjectivity and become more algorithmic in hopes of improving wound healing and increasing
positive patient outcomes. Furthermore, we hope this analysis draws attention to the limited
number of head-to-head and comparison trials between different ECMs and ultimately spurs
further investigation into which ECM is best suited to a particular wound type.
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