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Research Techniques Made Simple: Animal
Models of Wound Healing
Ayman Grada1, Joshua Mervis2 and Vincent Falanga1
Animal models have been developed to study the complex cellular and biochemical processes of wound repair
and to evaluate the efficacy and safety of potential therapeutic agents. Several factors can influence wound
healing. These include aging, infection, medications, nutrition, obesity, diabetes, venous insufficiency, and
peripheral arterial disease. Lack of optimal preclinical models that are capable of properly recapitulating human
wounds remains a significant translational challenge. Animal models should strive for reproducibility, quantitative interpretation, clinical relevance, and successful translation into clinical use. In this concise review, we
discuss animal models used in wound experiments including mouse, rat, rabbit, pig, and zebrafish, with a
special emphasis on impaired wound healing models.
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INTRODUCTION

The critical processes underlying wound healing have been
initially described using animal models (Eming et al., 2014;
Martin, 1997). Although animals do not develop chronic
wounds in a way that closely resembles those arising in
humans, animal models have provided valuable insights
into the principles of wound management. For example, the
now accepted notion that wounds heal faster when kept
moist came from research experiments in the domestic pig
(Helfman et al., 1994). However, because of anatomical

CME Accreditation and Credit Designation: This activity has
been planned and implemented in accordance with the
accreditation requirements and policies of the Accreditation
Council for Continuing Medical Education through the joint
providership of Beaumont Health and the Society for Investigative Dermatology. Beaumont Health is accredited by
the ACCME to provide continuing medical education
for physicians. Beaumont Health designates this enduring material for a maximum of 1.0 AMA PRA Category 1 Credit(s).
Physicians should claim only the credit commensurate with the
extent of their participation in the activity.
Method of Physician Participation in Learning Process: The
content can be read from the Journal of Investigative
Dermatology website: http://www.jidonline.org/current. Tests
for CME credits may only be submitted online at https://
beaumont.cloud-cme.com/RTMS-Oct18 e click ‘CME on
Demand’ and locate the article to complete the test. Fax or
other copies will not be accepted. To receive credits, learners
must review the CME accreditation information; view the
entire article, complete the post-test with a minimum performance level of 60%; and complete the online evaluation form
in order to claim CME credit. The CME credit code for this
activity is: 21310. For questions about CME credit email
cme@beaumont.edu.

and physiological differences among and within animal
species, including humans, no single model can suit all
needs. Data generated from preclinical studies on wound
repair may vary considerably depending on the animal
model chosen and on other biological variables such as
age, sex, microbiome, and wound location (Elliot et al.,
2018). Preclinical models should be validated before proceeding with testing.
When looking at preclinical models of wound healing, the
majority of studies are performed in either rodents or pigs.
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BENEFITS
 Investigating mechanisms of wound repair and
regeneration.
 Testing the efﬁcacy and safety of potential
therapeutics.
 Ethical regulations prohibit the use of humans,
especially humans with impaired wound healing,
in potentially harmful studies.

LIMITATIONS
 Anatomical and physiological differences among
and within animal species, including humans. No
one model can recapitulate the heterogeneity
and complexity of chronic wounds in humans.
 Reproducibility and translation of preclinical data
into clinical reality remains an ultimate challenge.
 Lack of standardization in designs and
procedures.

Primates are rarely used, mainly because of the higher cost
and animal care committees’ concerns regarding these animals. Moreover, primates heal with far less collagen deposition than humans do. Other animals offer limited beneﬁt for
wound research because of their size, temperament, and
maintenance expense.
ACUTE AND IMPAIRED HEALING

The natural (acute) wound healing process in adult mammals,
including humans, progresses in four orderly phases that
overlap in time: coagulation, inﬂammation, migrationproliferation (including matrix deposition), and remodeling
(Falanga, 2005). Acute wounds, such as those created by
surgery or trauma, occur suddenly and heal in a relatively
predictable timeframe. Deregulation or interruption of one or
more phases of the normal healing process leads to chronic
wounds (Eming, 2014). A chronic wound is a wound that fails
to progress through the normal phases of healing in an orderly
and timely manner. Persistent inﬂammation is a hallmark of
the chronic wound microenvironment. Some of the major
causes of impaired wound healing include diabetes mellitus,
vascular insufﬁciencies, and prolonged local pressure.

animals, and thus all animal models have limitations (Mustoe
et al., 2006).
Diabetic wound models

No single model can reproduce the entire diabetic pathological process and its variations. Each model mimics merely
one aspect of this complex disease. Hyperglycemia can be
chemically induced in mice and rats by intraperitoneal or
caudal vein injection of streptozotocin or alloxan to cause
selective destruction of insulin-producing beta cells of the
pancreas. Animals are allowed to manifest hyperglycemia for
several weeks before making a cutaneous wound through
cutting, burning, or radiation. A pig model of diabetic ulcers
was established (Velander et al., 2008). However, these
wounds healed after 18 days, which is not consistent with
diabetic wounds in humans. Diabetes and insulin resistance
can be induced by genetic manipulation as well. There are
two types: type 1 diabetes models include the nonobese
diabetic (i.e., NOD) mouse, streptozotocin-induced diabetic
rat or mouse, bio-breeding (i.e., BB) rat, and Chinese hamster.
Type 2 diabetes models include the obese ob/ob mouse
(leptin receptor deﬁcient), db/db mouse (a point mutation in
the leptin receptor gene), NONcNZO10 mouse, and Zucker
fa/fa rats. The most common type 2 diabetic model (db/db
mouse) has signiﬁcant limitations in predicting humans outcomes because human type 2 diabetes does not involve
leptin abnormalities and is polygenic. No animal model
mimics the chronic problems that result in type 2 diabetic
ulcers (Fang et al., 2010).
Pressure ulcer models

The primary cause of pressure ulcers is repeated ischemiareperfusion injury caused by prolonged mechanical pressure, especially over a bony prominence. Pressure ulcers can
be modeled in loose-skinned animals such as rats and mice
by surgically implanting a metal plate under the skin
(Figure 1), followed by intermittent and periodic compressions of the skin using an external magnet (Reid et al., 2004;
Wassermann et al., 2009). Loose-skinned animals with little
subcutaneous fat, mainly rats, are suitable for modeling aged
human skin (Nguyen et al., 2008). Greyhound dogs have also
been used because of their thin skin (Swaim et al., 1993). Pigs
are better animals to model pressure ulcers of young humans
because of their tight skin (Nguyen, 2008). A cast can be
placed over a bony prominence in pigs to cause a reperfusion
injury and friction on the skin surface (Swaim et al., 1997).
Ischemic wound models

Acute wound models are useful for studying the natural
healing processes and for drug discovery. Although we will
focus mainly on models of impaired healing, acute wound
models that are commonly used include excisional, incisional, and burn models, which all have well-established
protocols (DiPietro and Burns, 2003).

The rabbit ear ulcer model has been extensively used to
simulate ischemic wounds. Cutaneous ischemia is created by
ear vessel ligation. Skin banding has been shown to create an
ischemic model in guinea pigs (Constantine and Bolton,
1986). Bipedicle ﬂap (surgically isolated area of skin with
minimal continued blood supply) has been used to create
ischemia on the dorsal skin of pigs (Figure 1). Molecular
markers are used to validate the hypoxic state of tissues.

ANIMAL MODELS OF IMPAIRED HEALING

Bioﬁlm-infected wound model

Chronic wounds in animals can be created from an acute
wound by inducing diabetes, mechanical pressure, ischemia,
or reperfusion injury. Chronic wounds are uncommon in

One characteristic of chronic human wounds is bacterial
infection and bioﬁlm, which impairs healing by inducing
prolonged proinﬂammatory cytokines (Edwards and Harding,

ANIMAL MODELS OF ACUTE HEALING
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Figure 1. Animal models of wound
healing. (aeg) Examples of chronic
skin wound animal models, their
clinical relevance, beneﬁts and
drawbacks. (a) Rabbit ear ischemia
model (proﬁle view). (b) Chemically
induced type 2 diabetic mouse model
(dorsal view). (c) Excision wound
splinting model in mouse (dorsal
view). (d) Rat magnet ischemiareperfusion model (proﬁle view).
(e) Pig wound infection model (dorsal
view). This method is also applicable
to rodents and rabbits. (f) Pig ﬂap
ischemia model (dorsal view). This
method is also applicable to rodents
and rabbits. (g) Mouse tail fullthickness wound model (dorsal view).
This method is also applicable to wildtype, transgenic, and knockout mice.
This work is partially derived from
Nunan et al. (2014) used under CC BY.
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Table 1. Features of different animal species used in modeling of wound healing
Animal
Species

Skin Type

Primary Healing
Mechanism

Mouse

Loose skinned

Contraction

Advantages

Limitations

 Small

 Loose skin and very high hair

 Very common

density do not reﬂect the ar-

 Cost efﬁcient

chitecture of human skin

 Easy to handle and maintain
 Numerous
transgenic,

 In the absence of outside
intervention (i.e., splinting),

knockout, and gene-

wounds heal primarily via

inducible lines readily

contraction, obviating the

available

need for a robust proliferative

 Species-speciﬁc

reagents

widely available for many

phase of wound healing
 Use of splinting to avoid

techniques such as immuno-

contraction introduces

histochemistry and ﬂow
cytometry

foreign material to the
wound site

 Broad knowledge base on

 Partial-thickness wounds can

mouse wound healing from

be difﬁcult to make because

years of extensive research
 Mouse tail model enables the
study of delayed healing in
wild-type mice, which can
then be used as controls in
studies of mutant strains

of thinness of skin
 Consistently

poor

trans-

lational efﬁcacy of therapeutics in humans
 Mouse genomic, immune,
and inﬂammatory responses
differ signiﬁcantly from
humans’ after injury

Rat

Loose skinned

Contraction

 Small
 Common
 Cost efﬁcient
 Easy to handle and maintain
 Bigger than mice, which al-

 Loose skin and high hair
density do not reﬂect the architecture of human skin
 Heal primarily via contraction, thus minimizing the

lows for larger or more

relevance of re-epithelization

numerous wounds per animal

and granulation unless

 Broad knowledge base on rat
wound healing from years of
extensive research

splinting technique is used
 Use of splinting to avoid
contraction introduces
foreign material to the
wound site
 Less

genetically

tractable

than mice
 Relative paucity of speciesspeciﬁc reagents compared
with mice
(continued )

2004; James et al., 2008). Wound-healing kinetics in the
presence of bioﬁlm have been studied in several animal
models (Gurjala et al., 2011). After wounding a rodent, rabbit,
or pig, a bacterial suspension of Pseudomonas aeruginosa or
Streptococcus aureus can be applied to the surface of the
wound. Bacterial concentration is adjusted according to
pathogenicity, virulence, and the extent of the immune
response of the host (Robson, 1997). An occlusive dressing
should be used to prevent cross-contamination and provide
optimal conditions for bacterial growth. The rabbit ear can be
2098 Journal of Investigative Dermatology (2018), Volume 138

used to combine a bioﬁlm model with ischemia, increasing its
clinical relevance (Gurjala, 2011). The rabbit ear model has
been used to study the efﬁcacy of traditional wound care in
the presence of a P. aeruginosa bioﬁlm (Seth et al., 2012).
CHOICE OF ANIMAL SPECIES

Several factors should be considered when choosing an animal
species for wound experiments (Table 1). These include cost,
availability, ease of handling, investigator familiarity, and
similarity to humans. The use of small animals has a cost
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Table 1. Continued
Animal
Species
Rabbit

Skin Type

Primary Healing
Mechanism

Loose skinned

Contraction

Advantages

Limitations

 Relatively inexpensive

 Limited genetic tractability

 Rapid breeding with prodi-

 Paucity of species-speciﬁc

gious offspring

reagents

 Rabbit ear model overcomes
wound contraction
 Maybe well-suited to testing
potential therapeutics,
because rabbit and human
skin respond similarly to
aging, delayed healing, and
various topical drugs
 Can create several wounds in
the same ear
 Contralateral ear can be used
as a control
 Larger-caliber vessels make
ischemic ligation easier
 Rabbit ear model can be
adapted for study of
hypertrophic scarring
Guinea pig

Loose skinned

Contraction

 Relatively small and cheap
 Unable to produce endoge-

 Not commonly used today
 Variable pregnancy rates,

nous vitamin C, so dietary

small and variable litter size,

deﬁciency allows study of the

and relatively long gesta-

role of collagen in wound
healing

tional time (60e70 days)
 Lack of transgenic methods
and a limited number of
strains

Pig

Tight skinned

Partial-thickness wound heals
with re-epithelialization and
granulation. Full-thickness
wound heals with contraction.

 Large size allows for larger

 Expensive to maintain

and more numerous wounds

 Administration of anesthesia

 Skin architecture, hair den-

is more difﬁcult and requires

sity, and physiology of
wound healing most closely
resemble what is seen in
humans
 Very relevant for preclinical
studies looking at
interventions

a skilled veterinarian
 All

surgical

procedures

generally require greater skill
and expertise
 Long gestational times
 Poor genetic tractability and
few transgenic lines available
 Not

practical

for

most

research facilities
 Dermis of larger, older animals is often signiﬁcantly
thicker than that of humans
 Less vascular dermis and lack
of eccrine sweat glands over
almost all body surfaces are
notable differences from human skin
(continued )
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Table 1. Continued
Animal
Species

Skin Type

Zebraﬁsh

Not applicable

Primary Healing
Mechanism
Re-epithelialization and
granulation

Advantages

Limitations

 Small

 Relatively

 Low cost
 Greater genetic tractability

model
 Limited number of validated

 Healing phases are discrete

underdeveloped

zebraﬁsh reagents such as

and uncoupled from each

antibodies and cell lines are

other, allowing isolated study

available to the research

of a particular process (i.e.,

community

epithelialization)
 Investigation of regenerative
healing

advantage. There are, however, several limitations, including
limits to wound size, skin thinness relative to humans, follicular
pattern, and hair growth cycle that differs from humans
(Table 2). Wounds in areas with higher hair density heal faster
than those in less hairy or nonhairy areas (Ansell et al., 2011).
Mouse

Mice are cost effective and amenable to genetic manipulation, which allows for mechanistic studies. Full-thickness
surgical incisions and excisions performed on mouse dorsal
skin are the most popular wound models. Dorsal sites tend to
be quite useful in keeping the animal from reaching and
manipulating the wound. For preclinical studies of therapeutics, each mouse can act as its own internal control
because each animal can be given two wounds, enabling the
application of both the treatment and control on the same
mouse. However, using mice to simulate human wound
closure has signiﬁcant limitations. Wound healing in mice is
fundamentally different from that in humans in that it is
dominated by myoﬁbroblast-mediated contraction. This difference is in part due to an extensive subcutaneous striated
muscle layer called the panniculus carnosus that is mostly
absent in humans. In mice, this muscle layer allows the skin
to move independently of the deeper tissues; hence, it is
called “loose skin.” A splinting technique is used to minimize
contraction (Galiano et al., 2004; Wang et al., 2013) and to
allow healing through granulation and re-epithelialization,
similar to humans. Mouse skin in males is up to 40% stronger than in females because of a thicker dermal layer. By
contrast, females have thicker epidermal and hypodermal
layers (Wong et al., 2011).
Wound healing is signiﬁcantly accelerated when mice
were wounded in the late anagen compared with the catagen
or telogen hair cycle stages (Ansell, 2011). To minimize the
impact of hair follicles on wound healing, wounding must be
created during telogen or early exogen, the resting phases of
the hair cycle. One alternative is to use outbred hairless mice
(Hr gene mutation).
Transgenic mice.

Transgenic and knockout mouse models
have been used to study the impact of a single gene in wound
healing. IL-6eknockout mice have shown signiﬁcantly
delayed wound healing compared with wild-type mice
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(Gallucci et al., 2000). Although genetically modiﬁed mice
have tremendous potential for revealing the molecular pathways behind wound repair processes, overall, their utility is
complicated by compensatory changes in gene expression
and unanticipated effects, so that many gene knockouts have
not given the predicted effects, and a great deal of effort goes
into deﬁning the molecular pathways involved in the
phenotype (Fang and Mustoe, 2008).
Mouse tail.
Ideally, one would like to have the option to
model a chronic wound in wild-type animals. Traditionally,
genetically modiﬁed strains, such as the diabetic db/db mouse,
have been used to model impaired healing (Beer et al., 1997).
Thus, the mouse tail model was developed to recapitulate
delayed wound closure in the wild-type animal (Falanga et al.,
2004). A rectangular (0.3  1.0 cm) full-thickness excision is
made on the dorsal aspect of the tail, 1 cm distal to the body of
the mouse (Figure 2). The excised skin exposes the underlying
fascia, leaving a rectangular full-thickness defect. Compared
with back dorsal wounds, which heal within a few days, the
tail wounds require up to 21 days for full resurfacing, an
expanded timeframe to test hypotheses and therapies. Because
tail hair remains short, the wounds can be followed sequentially and measured clinically without killing the animals.
Wild-type, transgenic, and knockout mice can be used.
Rat

Similar to mice, rats have loose skin and therefore heal predominantly by contraction. Healing by contraction is more
rapid than re-epithelialization because new tissue is not
formed. Unlike humans, mice and rats do not create hypertrophic scars or keloids. The collagen produced in their
wounds comes from subcutaneous panniculus carnosus
muscles (Cohen et al., 1979). Several wound models have
used rats because of their size, wide availability, and tractable
nature. Although mice may translate into lower maintenance
budgets, rats provide a larger area of skin for wound studies.
Male Sprague Dawley rats in the 250e300-gram weight
range are the preferred strain. Male rats generally cost less
than females of the same size (Dorsett-Martin, 2004).
An ischemic, H-shaped, double ﬂap model in rats’ dorsum
was developed for studying the inﬂuence of different factors
on ﬂap survival (Quirinia et al., 1992). However, this model

Table 2. Characteristics of human and animal skin: mean thickness of skin layers and hair density in animal species used in wound experiments
SC

VE

D

Site

mm

SD/SE*

mm

SD/SE*

mm

SD

Mouse
Mouse

Dorsum
Buttock, ear, shoulder,
back, abdomen (parafﬁn)
Buttock, ear, shoulder, back,
abdomen (frozen)
Back
Dorsum
Buttock, ear, shoulder,
back, abdomen (parafﬁn)
Buttock, ear, shoulder, back,
abdomen (frozen)
Lumbar dorsum
Lumbar dorsum
Buttock, ear, shoulder,
back, abdomen (parafﬁn)
Buttock, ear, shoulder,
back, abdomen (frozen)
Buttock, ear, shoulder,
back, abdomen (parafﬁn)
Buttock, ear, shoulder,
back, abdomen (frozen)
Ear
Abdomen
—
Various sites

9
3.38

—
0.30*

29
11.50

—
1.24*

662
—

—
—

6.69

0.96*

9.24

0.96*

—

—

w5
18
4.04

—
—
0.47*

w21e22
32
15.34

—
—
1.21*

w275e280
2,040
—

—
—

9.91

1.14*

10.70

1.73*

—

—

11.7
9.5
6.89

3.6
1.6
0.88*

20.6
19.4
13.83

4.0
4.8
1.23*

2,174.0
1,719.3
—

486.7
258.5
—

10.91

1.48*

9.39

1.25*

—

—

12.85

1.19*

53.17

3.19*

—

—

41.33

3.73*

15.37

1.51*

—

—

17e28
17
10
—

—
—
—

60e85
47
50e120
31e637

—
—
(including SC)

1,440e2,210
2,906
2.28
521e1,977

(including H)
—
—
(E þ D)

Mouse
Mouse
Rat
Rat
Rat
Rabbit
Rabbit
Rabbit
Rabbit
Pig
Pig
Pig
Human
Human
Human

Hair Density,
hairs/ cm2

Healing Time
Course, days

658 (thick)

Closes in <5 days because
of contraction of skin

289 (thick)

Closes in <5 days because
of contraction of skin

Source
Monteiro-Riviere et al. (1990)

Ma et al. (2002)
Monteiro-Riviere et al. (1990)

Oznurlu et al. (2009)
13e16, or longer depending
on wound size
80 (medium)

Oznurlu et al. (2009)
Monteiro-Riviere et al. (1990)

11 (sparse)

12e14, or longer depending
on wound size

11 (sparse)

7e14, or longer depending
on wound size

Abbreviations: D, dermis; E, epidermis; H, hypodermis or subcutaneous tissue; SC, stratum corneum; SD, standard deviation; SE, standard error; VE, viable epidermis.
Modiﬁed from Wei et al. (2017), used under CC BY.
*Denotes standard error (SE).

Monteiro-Riviere et al. (1990)

Jacobi et al. (2007)
Monteiro-Riviere et al. (1990)
Qvist et al. (2000)
Lee and Hwang (2002)
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Species
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Figure 2. Ischemic rabbit ear model.
A circumferential incision is made at
the base of the ear. The rostral and
central arteries are ligated, leaving
three main veins and the small caudal
artery intact. Reprinted from Surgical
Research, Saulis A, Mustoe TA; 2001.
p. 857-873. Models of Wound
Healing in Growth Factor Studies.
With permission from Elsevier.

has limitations. The rapidity with which the tissue returns to
normal levels of perfusion prevents extended testing of potential therapeutic agents. Meanwhile, it is difﬁcult to evaluate healing in incisional wounds, because breaking strength
measurements reﬂect only one aspect of healing. An optimized ischemic ﬂap model was established by creating fullthickness excisional wounds within a bipedicle dorsal skin
ﬂap in rats (Gould et al., 2005). In this model, modiﬁcations
were made to the bipedicle ﬂap model described initially by
Schwarz et al. (1995). The two main modiﬁcations are (i)
making the skin ﬂap sufﬁciently narrow so that the blood
supply is random and the wounds located in the midpoint of
the ﬂap are ischemic and (ii) inserting a silicone sheet beneath
the skin ﬂap, which prevents re-adherence and reperfusion of
the ﬂap from the underlying tissue. In this model, the panniculus carnosus muscle is removed from the wound bed by
dissecting just above the muscle fascia. Wound contraction is
limited (but not eliminated) by tacking the ﬂap to the silicone
sheet (Gould, 2005). The ﬁnal product is a ﬂap that does not
develop necrosis yet remains ischemic for up to 2 weeks with
markedly impaired healing.

similar ulcers can be created in the same ear, and the
contralateral ear can serve as a control. Furthermore,
because of the splinting from ear cartilage, open wounds in
the rabbit ear allow easy quantiﬁcation of epithelization as
an independent variable from granulation tissue. Although
theoretically a similar model could be applied to rodents,
the technical aspects (surgical skills and magniﬁcation) have
made this prohibitive.
The rabbit ear model has also been used to study the
effects of various topical growth factors in promoting healing
of chronic wounds (Xia et al., 1999). Although promising
results were achieved with growth factor therapies in animal
studies, human clinical trials have been disappointing.
Nonetheless, some notable observations have been made that
point to rabbit wounds behaving similarly to human wounds.
These similarities include increased scarring with delayed
epithelialization and less scarring with old age, topical steroids, and collagen synthesis inhibitors.

Rabbit ear

Rabbit ear has been widely used as an ischemic wound
model to study the effects of hypoxia on healing, as ﬁrst
described by Ahn and Mustoe (1990). The rabbit ear is
vascularized by three main arteries (Figure 3). An ischemic
zone is created by ligating two (rostral and central arteries)
of the three arteries at the base of the ear through a
circumferential incision, thus disrupting dermal arterial circulation while maintaining the veins. A 6-mm punch biopsy
down through the cartilage will create a full-thickness
wound that lacks a vascular base and has a very limited
lateral vascular supply. Because the dermis of the rabbit ear
is ﬁrmly attached to the cartilage, the avascular wound bed
cannot close by contraction and, instead, heals via epithelization and granulation tissue formation. However, the
ischemia is reversible, and collateral circulation develops in
about 14 days. The main advantage of this model is that
rabbit ear provides a large surface area on which several
2102 Journal of Investigative Dermatology (2018), Volume 138

Figure 3. Mouse tail model. Gross appearance of a full-thickness wound on a
mouse tail, immediately after wounding. The fascia is glistening white.
Reprinted from Falanga et al. (2004) with permission from Wiley.
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Pig

Pigs are standard models for wound healing because of the
signiﬁcant similarities to human skin (Montagna and Yun,
1964). Key similarities include epidermal and dermal thickness and related ratios (for weanling pigs), epidermal turnover
time (around 30 days), pattern and structure of hair follicles,
content and structure of dermal collagen and elastin, dermal
metabolism, types of immune cells present, and biological
response to growth factors. Perhaps most importantly, partialthickness wounds in both pigs and humans heal mainly
through re-epithelialization, not contraction. In contrast, circular full-thickness wounds heal signiﬁcantly by contraction
in pig models. Both percutaneous permeability and transdermal absorption in human skin is closer to those in pig skin
than in other animal models (Bartek et al., 1972). Size of ﬂaps,
grafts, and dermal wounds have been standardized for comparison of therapeutic agents.
Pigs are substantially more expensive to purchase and
maintain. Although human and pig skin are quite comparable
in a number of facets, dissimilarities certainly exist. Pig skin
has a higher pH, fatty subcutis, and predominantly apocrine
sweat glands, with eccrine sweat glands conﬁned only to
specialized regions. Moreover, although microvascular
anatomy is consistent between humans and pigs, skin
vasculature, particularly of the dermis, is richer in human skin
(Montagna and Yun, 1964). Weanling pigs have a dermis
similar in thickness to humans, but larger animals have a
much thicker and stiffer skin than humans. These differences
are likely to have relevant implications for physiological
studies.
The pig model is used to study a variety of cutaneous
wounds including partial- and full-thickness excisional
wounds, incisional wounds, laser-induced wounds,
ischemic wounds, and second degree burns (Seaton et al.,
2015). In pigs, limb denervation followed by casting has
also been used to develop a model of pressure ulcers
(Hyodo et al., 1995).
Guinea pig

Studies of the effects of vitamin C deﬁciency on wound
healing are generally performed in the guinea pig because,
like human beings, guinea pigs require vitamin C from dietary
sources (Bartlett et al., 1942). The vitamin C-deﬁcient
(“scorbutic”) guinea pig was used throughout the early to
mid-20th century to investigate the role of collagen in wound
healing (Abercrombie et al., 1956). Vitamin C is essential for
collagen synthesis. Most other animals, including the pig, can
synthesize their own vitamin C and thus do not make good
models to study the effects of dietary vitamin C deﬁciency on
wound healing.

MULTIPLE CHOICE QUESTIONS
1. Which of the following animal species heal
predominantly by contraction?
A. Humans
B. Pigs
C. Mice and rats
D. Zebraﬁsh
2. The mouse tail model has the following features
except which of the following?
A. Rapid healing capacity
B. Can be used to study scarring
C. Offers longer duration of wound closure
D. Contraction is minimal
3. Which of the following animal species is most
relevant to partial-thickness wound modeling?
A. Pig
B. Greyhound
C. Rabbit
D. Guinea pig
4. To choose an optimal animal model, one must
take into consideration the following factors:
A. Size
B. Cost
C. Reproducibility
D. All of the above
5. Which of the following adult animals exhibits
scar-free skin regeneration?
A. Mouse
B. Rat
C. Pig
D. Zebraﬁsh
See online version of this article for a detailed explanation
of correct answers.

sequentially in zebraﬁsh, allowing for better identiﬁcation of
direct and indirect effects caused by chemical or genetic
manipulation. Furthermore, it provides an opportunity to
perform high-throughput small-molecule drug screens
(Richardson et al., 2016). The zebraﬁsh model has been used
to study the role of inﬂammation in wound healing (Hoodless
et al., 2016).

Zebraﬁsh

Zebraﬁsh can regenerate many tissues and organs. A fullthickness wound model can be quickly and reproducibly
created on the ﬂank of adult zebraﬁsh (Richardson et al.,
2013). Wounds show rapid re-epithelization (within hours),
independent of coagulation and inﬂammation. Furthermore, a
granulation-like tissue is formed and later cleared, resulting in
minimal scar formation. Unlike the overlapping phases of
wound healing in mammals, healing processes occur

CONCLUSION

Animal models provide invaluable information that can be
correlated with human wound healing. When it comes to
interpretation and implementation, one must not fail to
recognize differences in each animal model. The investigator
must assess the merits and limitations of each model according to the experimental objectives. Creating an animal
model that reﬂects the complexity and heterogeneity of
www.jidonline.org 2103
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chronic wounds in humans may be an unattainable goal
because they are an outcome of multifactorial process that is
inﬂuenced by both intrinsic and extrinsic factors such as
impaired circulation, infection, chronic inﬂammation, poor
nutrition, aging, limited physical activity, and chronic disease, among others. Useful models are designed such that
these impairments are comparable, thus permitting a higher
degree of validity. Given the ongoing advances in genetic
manipulation of mice and other animal species, new, more
useful models of the wound repair will eventually emerge.
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DETAILED ANSWERS

1. Which of the following animal species heal predominantly by contraction:
Correct answer: c. Mice and rats
Mice and rats heal mainly by contraction due to an extensive
subcutaneous striated muscle layer called the panniculus
carnosus that is largely absent in humans. In mice and rats,
this muscle layer allows the skin to move independently of
the deeper muscles; hence, it is called “loose skin.”(Dunn et
al., 2013).
2. The mouse tail model has the following features except:
Correct answer: a. Rapid healing capacity
The mouse-tail wound requires up 21 days for full closure,
which provides an expanded window of observation and
identiﬁcation of critical events involved in wound repair.
Furthermore, the delayed healing occurring in this model
could prove useful in testing potential therapeutic agents.
3. Which of the following animal species is most relevant to
partial-thickness wound modeling?
Correct answer: a. Pig.
Pigs have been traditionally used in wound studies involving
partial-thickness wounds because their skin is relatively
similar to human skin in several ways such as the epidermal
and dermal thickness (in weanling pigs), sparse hair coat,
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epidermal turnover time, a well-differentiated papillary body,
and large elastic tissue content. Partial thickness wound is
difﬁcult to perform on rodents due to their very thin skin. High
hair density may also skew results due to higher rates of reepithelization from hair. Pigs or hairless strains of mammals
are better partial-thickness models.
4. To choose an optimal animal model, one must take into
consideration the following factors:
Correct answer: d. All of the above
One must not fail to recognize differences in each animal
model. The investigator must assess the merits and disadvantages of each model according to the experimental objectives. Due to anatomical and physiological differences
among and within animal species, including humans, there is
no single model that can suit all needs. Data generated from
preclinical studies on wound repair may vary considerably
depending on the animal model chosen.
5. Which of the following adult animals exhibits scar-free
skin regeneration?
Correct answer: d. Zebraﬁsh
Adult Zebraﬁsh represent a valuable model for the study of
wound regeneration. Zebraﬁsh exhibit rapid reepithelization
(within hours) and independently of inﬂammation, in response
to full-thickness cutaneous wounding. Furthermore, a granulation-like tissue is formed and later largely cleared, resulting in
minimal scar formation.

