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ABSTRACT

Management of chronic, non-healing wounds is one of the pressing challenges in surgery. Demonstrating the effectiveness
of novel drugs and medical devices is essential for their implementation in clinical practice. For this purpose, many animal
models of wound healing have been developed, including in small rodents, which, however, have a specific skin structure and
soft tissue regeneration. This review presents comparative characteristics of the main experimental wound models, including
chronic ones, and describes their benefits and limitations.

Experimental studies most commonly involve mice, rats, and rabbits due to their relatively low cost and ease of maintenance.
The most widely used wound modeling method is the creation of an excisional skin defect (with or without modifications) on
the back of rodents. This model is technically simple and allows for partial reproduction of various pathological conditions.
Although none of the models fully replicates the chronic wound healing process, modeling in small rodents (mice, rats) and
rabbits remains the primary approach for studying regeneration and evaluating the efficacy of therapeutic interventions.
Excisional and incisional wound models on the back of rodents are popular due to their simplicity and reproducibility. However,
a significant limitation of these models is rapid wound closure by contraction, which is uncharacteristic of human healing.
Chronic wound models (splinting, tail wounds in mice or ear wounds in rabbits, hyperglycemia, and others) more accurately
reproduce the healing process and better reflect clinical situations. The choice of a specific model depends on the study aims
and the species-specific features of laboratory animals. Moreover, the short healing period in animals often limits the ability
to assess treatment efficacy. Improving and standardizing existing wound models, as well as developing novel experimental
approaches, remain important tasks for regenerative medicine and surgery.
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AHHOTALMA

OpHoli U3 aKTyanbHbIX 33a4 XMPYPrumn ABNAETCA KOPPEKLMS ANUTENbHO HE3AMKMBAIOLLMX, XPOHMYECKUX paH. [ToaTBepXaeHNe
3 peKTMBHOCTU pa3pabaTbiBaeMbIX NPenapaToB U MeOULMHCKWX U3AENNA He0BXoAUMO ANs UX BHEAPEHUSA B MPAKTUYECKYHO
MeamumHy. C 3Toii Lenblo paspaboTaHo MHOXECTBO Moferneid paHeBOro MpOLEeCca Ha JKWUBOTHBIX, B TOM YMCTe Ha MeSIKUX
rpbI3yHax, KOTOpble, 04HAKO0, MMEKT 0COBEHHOCTM CTPOEHWS KOXM W pereHepaumnmu MArkux TKavei. B naHHom o63ope npep-
CTaBJieHbl CPaBHUTENbHbIE XapaKTEPUCTUKM OCHOBHbIX IKCMEPUMEHTANbHBLIX MOZeNel paH, BKIIKOYasA XPOHUYECKME, a TaKKe
OnMcaHbl UX NPEMMYLLIECTBA W HELOCTATKU.

B aKcnepuMeHTanbHbIX UCCNEA0BAHUAX YaLLle BCET0 UCMOSb3YIOT MILLEN, KPbIC U KPOSIMKOB B CBA3MW C UX OTHOCUTENBHO HEBbI-
COKOM CTOMMOCTBHO M OCTYMHOCTBIO cofiepanus. Hanbonee pacnpocTpaHEHHbI BapuaHT MOLLENMPOBaHUA paH — (GopMUpo-
BaHWe 3KCLM3MOHHOIO KoXHOro fedekTta (¢ Mogmdukaumamu n 6e3) Ha cnivHe y rpbi3yHOB. 3Ta MoAeNb NPOCTa B BbINOMHe-
HWM U 0AET BO3MOXHOCTb YaCTUYHO BOCNIPOM3BOAMTD PasfiMyHbIe NaToorMyeckue cocTosHUA. HecMoTps Ha To, YT HU 0JHa
U3 Mofienen B MOJTHOM Mepe He BOCMPOU3BOAMT XPOHUYECKUA MPOLIECC 3aXKMBEHUSA paH, MOAENMPOBaHUE Ha MENKUX Mpbl-
3yHax (MbILLaX, Kpbicax) U KPOJMKaX OCTAETCA OCHOBHBLIM METOJO0M M3Y4EHUs pereHepaLmmn U oLeHKU 3hhERTUBHOCTU pas-
pabaTbiBaeMoro fleyeHns. 3KCUM3UOHHbIE U MHLM3MOHHBIE MOLENW paH Ha CMKHE rPbI3YHOB LUMPOKO UCMONb3YKTCS M3-3a
MpOoCTOTbl M BOCMPONU3BOAMMOCTU. OfHAKO BaXKHbIM OrPaHWUYEHMEM 3TUX Mofeneii ABNAeTCA BbICTpoe 3aMUBMEHWE MYTEM
KOHTPaKLMK, 4TO HEe XapaKTepHO 418 YenoBeKa. Mofenu XpoHWUYecKux paH (LUMHMpOBaHME, paHbl HAa XBOCTE MbILLW UM YXe
KPOJMKa, MMNepriMKkeMus 1 apyrue) 6onee TO4HO BOCMIPOM3BOAAT NPOLIECC 3aXKUBEHUS U NPUBIVIKAIOT €r0 K KIIMHUYECKUM
cUTyaumsaM. Bblbop KOHKpPETHOM MoLlenn 3aBUCHT OT Lielel UCCNefoBaHNUs U 0cobeHHOCTEN BUAA NabopaTopHbIX XUBOTHBIX.
KpoMe Toro, KOpOTKMIA NEpUOS, 3aMBIEHUA 3a4acTyHo He NO3BONSAET OLEHUTb 3P eKTUBHOCTb Tepanuu. CoBepLUEHCTBOBaHME
U YHUMKaLMA CyLLLeCTBYIOLIMX MOZeNeN paH, a Takxke pa3paboTKa HOBbIX IKCMEPUMEHTANbHBIX NMOAX0A0B OCTAOTCS BaXKHbI-
MW 3afia4aMu Ans pereHepaTUBHON MeSULMHBI U XUPYPruu.

KnioueBble cnoBa: XPOHUYECKKNE paHbl; MOLESIN HA XNBOTHBIX; KOXHbIE ,D,ed)eKTbI.
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INTRODUCTION

Chronic non-healing wounds, including trophic ulcers,
extensive burns, and skin changes associated with diabetic
foot syndrome, represent one of the major challenges in
surgery and public health. According to epidemiological
studies, the estimated prevalence of chronic wounds is
1%—2% of the global population [1]. Chronic wounds are
associated with prolonged pain and may be complicated
by sepsis. In diabetes mellitus, chronic defects of the skin
and soft tissues of the foot (diabetic foot syndrome) often
lead to lower limb amputation. Despite many therapeutic
approaches proposed for the management of such wounds,
the development of effective treatment strategies remains
a pressing issue [2].

Mice, rats, and rabbits are most commonly used to model
acute and chronic wounds in experimental settings. Several
fundamentally different approaches to wound creation can
be distinguished: excisional (removal of a tissue fragment),
longitudinal incisional (surgical incision of tissues),
burn models, adhesive tape methods, and exposure to
X-irradiation. Other techniques are generally modifications
of these basic approaches.

CHOICE OF EXPERIMENTAL ANIMALS

The choice of animal species is a crucial step in
experimental design and should be based both on general
aspects, including the anatomical and physiological
characteristics of the species, and on practical considerations
such as cost, availability, and housing requirements. The
skin structure of rodents and rabbits differs considerably
from that of humans (Table 1): their skin is thinner and
more mobile relative to underlying layers; sweat glands are
absent on the trunk, and wound healing occurs primarily
through contraction due to the presence of the subcutaneous
muscle m. panniculus carnosus. Additionally, animal skin

Table 1. Skin structure in experimental animals and humans
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is characterized by a high density of hair follicles, and
some rodent species are capable of endogenous vitamin C
synthesis, which promotes collagen formation [3—6]. Table 1
and Table 2 show comparative characteristics of selected
experimental animals.

EXPERIMENTAL MODELS
OF ACUTE WOUNDS

Various techniques are used to create experimental skin
wounds, and their main characteristics are summarized
in Table 3. The most common approach to evaluation of
comparative healing dynamics is the excisional wound model
on the dorsal surface of rodents [7-9]. Published experimental
protocols are highly variable—they differ in wound size,
number of wounds per animal, and methods of assessing
wound healing [10, 11]. It is well established that the rate of
healing is influenced by the stage of the hair growth cycle,
because regenerative processes and hair growth are partially
regulated by common intracellular signaling pathways,
including fibroblast growth factor (FGF), vascular endothelial
growth factor (VEGF), and transforming growth factor beta
(TGF-P) [12]. For this reason, some authors recommend using
animals in the late catagen or telogen phase [13].

Another approach to wound modeling involves creating
a longitudinal (incisional) skin wound on the back of
the animal with sharp instruments such as a scalpel or
scissors [14, 15]. The healing process of such wounds may
be classified as primary intention or secondary intention,
depending on whether the wound edges are approximated.
Primary healing, achieved by suturing wound margins,
enables the evaluation of re-epithelialization, testing of
surgical materials, and investigation of repair mechanisms,
though to a lesser extent, because the volume of injured
tissue is limited. Secondary healing occurs when the wound
is left open and is used to study scar formation, including the
development of hypertrophic scars [14].

Rabbit
Parameter Human Mouse Rat (New Zealand breed)
Skin thickness, mm 2.0-30 04-1.0 1.0-2.0 1.8-2.0
. . . 20-50 (trunk)
2
Hair density, hairs/cm 500-1000 (scalp) 658 289 80
Yes (on plantar surfaces  Yes (on palmar surfaces
Presence of eccrine sweat glands Yes of forepaws of forepaws No
and hind paws) and hind paws)
Mobility relative to underlying tissues No (except cervical Yes Yes Yes
region)
Endogenous synthesis of vitamin C No Yes Yes Yes
Primary wound healing mechanism Re-epithelialization Contraction Contraction Contraction

Note: Scalp, hairy part of the head.
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Table 2. Comparative characteristics of laboratory animals used for wound modeling

Experimental Animal Advantages

Disadvantages

Small size;
convenient housing;

Mouse skin differs from human skin; chronic non-healing
wounds are not typical;

Mouse numerous transgenic lines; T .
i S ) e wounds heal primarily by contraction; wound models
wide availability of species-specific antibodies; require modification to orolona healin
tail wound model is considered a chronic wound [3] q P 9 g
Relatively inexpensive;
convenient housing; N -
Rat : . Same limitations as in mice
larger than mice, which allows for larger wound areas;
widely used
Readily available and widely used; More expensive than mice and rats;
Rabbit large wound surface area can be created; ischemic ear model is poorly reproducible;

wound healing in the ear pinna is similar to humans

ischemia is reversible

Burn injuries induced by heated objects, hot water,
or, less commonly, electricity are also widely applied as
a method for creating acute wounds. Thermal injuries are well
suited for assessing re-epithelialization, granulation tissue
formation, neovascularization, and other processes of tissue
regeneration. Depending on the experimental objectives and
the intended observation period, the surface area of thermal
injury can be adjusted, allowing for an extended window to
evaluate the effects of experimental therapies [16—19].

The use of adhesive tape stripping to create wounds is
the least common approach. This model induces partial skin
injury limited to the stratum corneum of the epidermis and
is primarily designed to study re-epithelialization in acute
injury. It is also well adapted for assessing barrier function

Table 3. Experimental models of acute wounds

impairment. However, because this method does not involve
deeper dermal injury, it is unsuitable for investigating the
mechanisms of damage and regeneration in full-thickness
wounds. Furthermore, the technical aspects of tape
application complicate standardization [9].

EXPERIMENTAL MODELS
OF CHRONIC WOUNDS

Unlike acute wounds, which are characterized by
sequential healing phases (coagulation, inflammation,
migration-proliferation, and remodeling) and relatively
predictable time frames, chronic wounds lack such clear
phase-dependent and temporal characteristics [20]. Delayed

Model

Description

Advantages

Disadvantages

Excisional model

Creation of full-thickness skin wounds
of various diameters on the dorsum,
involving the m. panniculus carnosus

One of the primary models;
technically simple;

creating wounds of various sizes;
multiple wounds induced in the same
animal [7, 8, 9]

Healing occurs predominantly by
contraction;

does not reproduce chronic wound
processes

Incisional model

Longitudinal full-thickness skin incision
on the dorsum

One of the primary models;
technically simple;

high reproducibility;

enables evaluation of scar formation
and postoperative wound healing

Same as in the excisional model

Burn model

Burn injuries induced using:
heated metal rods;
hot water;
steam;
electricity

Technically simple

Rapid healing due to contraction;
does not reproduce the
pathophysiological processes of burn
wound healing in humans

Adhesive tape model

Repeated attachment and removal
of adhesive tapes on the dorsum of
rodents

Technically simple;

non-invasive;

minimal pain for animals;

reproduces the epithelialization stage in
humans

Only superficial wounds can be created
(stratum corneum defects);

does not reproduce chronic wound
processes;

low reproducibility due to difficulty

in standardizing adhesive strength,
detachment speed, and angle

DOl https://doi.org/10.17816/marph.646869
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healing of chronic wounds is driven by both isolated and
combined factors, including damage to components of
the microcirculatory bed and innervation (as in diabetes
mellitus), local tissue compression (edema), and persistent
immune cell accumulation. One of the main limiting factors
in modeling chronic wounds in rodents and rabbits is their
inherent capacity for rapid healing. Therefore, investigators
reproduce conditions that mimic pathological processes
typical of humans so that the duration of skin regeneration
is extended artificially.

The splinting technique involves the implantation of splints,
most often silicone rings, into wound margins, physically
preventing contraction of the panniculus carnosus. This
approach shifts healing from contraction toward granulation
tissue formation and re-epithelialization, thereby prolonging
the regeneration period [21-23]. Another approach is the
skin-fold chamber model, where a skin flap is clamped with
a device that creates a defect. Originally intended for in vivo
microcirculatory studies rather than wound healing per se,
this model also enables visualization of small vessels during
primary and secondary healing [24, 25].

Acute wound models supplemented by additional factors
can partially reproduce pathological processes of chronic
wound regeneration. One such factor is experimentally
induced hyperglycemia [26—29]. Diabetic animal models can
be generated using chemical or surgical interventions, as
well as specialized diets. Furthermore, transgenic mouse
strains such as db/db (type 2 diabetes) and ob/ob (obesity)
are available [30]. Chemical induction with agents such as
streptozotocin or alloxan is a rapid and accessible method,
but it does not fully reproduce the natural course of disease.
Transgenic strains avoid this limitation, but substantially
increase research costs.

Limitations of diabetes models and transgenic lines
prompted the development of alternative approaches to
create skin defects with prolonged healing. One such model
is the mouse tail skin excision wound, where an excision of
0.5 x 1.0 cm is made on the dorsal tail surface, 0.5-1.0 cm
distal to the trunk [31]. Unlike standard dorsal excisional
wounds in mice or rats, this model heals within 18-25 days,
providing a sufficiently long observation period to evaluate
therapeutic interventions. A similar technique involves
creating wounds on the plantar surface of rodent paws [32,
33]. Rectangular wounds of approximately 2 x 5 mm are
made on rat hindlimbs to study inflammation, contraction,
and epithelialization; diabetic animals can also be included
in such experiments.

Due to structural features of rabbit ear skin (firm
attachment to underlying cartilage), auricular wounds
predominantly heal by epithelialization and granulation, which
corresponds to the late phases of human wound healing
[34, 35]. Additional factors that impair skin restoration in
this model include hyperglycemia, as well as ischemia and
denervation following transection of neurovascular bundles
[36]. Chemical or surgical denervation of other skin regions
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can also be used to investigate the role of the nervous system
in cutaneous regeneration [37-40].

Infected wounds in humans often complicate chronic
defects, thus requiring the development of new therapeutic
strategies and corresponding animal models. To reproduce
infected wounds, investigators combine acute injuries with
inoculation of pathogenic microorganisms or insertion of
foreign materials [41-43]. Suspensions of microorganisms
such as Staphylococcus aureus, Pseudomonas aeruginosa, or
Candida albicans are applied onto excisional wounds on the
dorsal or ventral trunk, producing infectious, often purulent,
complications. This model is widely used for evaluating
the pharmacodynamics of antimicrobial drugs and medical
devices.

Radiation therapy for cancer may cause skin injury
with markedly delayed regeneration. This necessitated
the development of radiation-induced wound models in
animals, which are used both for studying complications
of radiotherapy and for creating chronic wounds in general.
In these models, skin on the dorsum or limbs of rodents is
irradiated at various doses, followed by excision of a flap in
the irradiated area [44-47]. High doses of radiation produce
delayed healing but require specialized equipment, technical
expertise, and shielding of the animal body to avoid lethal
exposure.

The dead space model is created by subcutaneous
or intramuscular implantation of foreign bodies, such as
polypropylene tubes, producing cavities similar to those that
develop in humans after soft-tissue excision and closure
of postoperative defects. This model, usually performed
in rabbits, is convenient for assessing implant responses.
Multiple “dead spaces” can be created in a single animal;
the defect size is clinically relevant, and outcomes can be
evaluated by histological, laboratory, and instrumental
methods [48].

Restoration of blood flow after ischemia due to prolonged
compression is pathophysiologically similar to pressure ulcer
development [49]. Implantation of magnets under the skin
with periodic compression by an opposing magnet mimics
this condition [50]. This model has been successfully applied
in mice and rats. Magnetic compression markedly reduces
skin perfusion, decreases trophic factor levels, and increases
exudate formation. Depending on the study design, the degree
of injury can be varied by altering compression duration and
ischemia/reperfusion cycles [51-53]. Chronic ischemic ulcers
may also be induced by sustained compression of a skin fold
without magnet implantation.

CONCLUSION

At present, the published data describe numerous
approaches to modeling wounds in animals, which, to varying
degrees, reproduce the pathological processes observed in
humans [54]. Mice, rats, and rabbits are most frequently used
in such studies because of their relatively low cost and ease
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of maintenance. The most common method is the creation
of an excisional skin defect on the back of rodents, owing to
its reproducibility and technical simplicity. In addition to the
structural features of rodent skin, model selection should
take into account the specific research objectives and the
ability to create conditions that closely approximate clinical
situations. The main limiting factor of all described models is
still the duration of wound healing: first, it is not comparable
with the actual timeframe of skin repair in humans; second, it
is often insufficient for evaluating the pharmacodynamics of
investigational drugs. In this regard, some approaches have
been developed and validated. They allow modeling chronic
wounds, including excisional skin defects on the mouse tail
or rabbit ear, as well as the use of transgenic animal lines,
such as diabetic mice [55].

CONCLUSION

Existing wound models do not fully reproduce clinical
conditions characterized by chronic, protracted healing of
skin defects. They only partially reflect the pathophysiological
processes occurring in humans with diabetes mellitus,
chronic limb ischemia, radiation injury, and other conditions.
Moreover, outcomes obtained with the same models often
vary among different investigators and are not always
reproducible. Despite the active development of new wound
therapies, including agents targeting chronic processes, there
is still an urgent need to establish, validate, and implement
standardized protocols for modeling both acute and chronic
wounds. Such protocols should provide high reproducibility
and maximum fidelity to the pathological processes specific
to relevant clinical scenarios.
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