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Abstract. The relevance of the study is due to the increase in the frequency of the use of firearms
to kill animals during military conflicts. As evidenced by practice, most gunshot wounds are
cases of animal cruelty. That is why a forensic veterinary expert must correctly assess not only
the gunshot wound, but also the circumstances associated with the shooting. The purpose of
this study was to identify and clarify the pathomorphological changes that occur in the organs
and tissues of dogs in the area of a gunshot wound when shot with a firearm. As part of the
forensic veterinary examination, a pathoanatomical autopsy was performed on two stray dogs
that died from gunshot wounds. The first domestic dog received a penetrating wound to the
abdominal organs during life, the cause of death of the second dog was a blind wound to the
head. It was found that dystrophic and necrotic changes, and haemodynamic disorders, prevailed
in the tissues of the gunshot wound. Focal and diffuse haemorrhages were recorded in skeletal
muscle tissue, which were localised between stratified muscle fibres. Along with this, foci of
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haemorrhagic infiltration were noted. Massive thrombosis was detected in the lumen of large-
calibre vessels, but the main changes were observed in the microcirculatory bed. Injuries that
were recorded on the bodies of dead dogs were classified as serious bodily harm. They lead to
pathological processes that are dangerous to the body and result in the death of the animal. The
results obtained provide an opportunity to deepen the knowledge of forensic veterinary experts
on the issues of animal damage by firearms, and the identified changes can serve to differentiate
wounds caused by the action of such weapons from wounds of other origins

Keywords: forensic veterinary examination; entrance wound; exit wound; firearm; autopsy

Introduction

The spread of firearms, combat injuries, and
uncontrolled shooting in the context of armed
aggression and military operations on the ter-
ritory of Ukraine has led to an increase in the
number of wounded and killed domestic and
stray animals, including dogs. Such cases of-
ten have signs of deliberate cruelty to animals,
which requires a proper forensic veterinary
assessment and evidence base for law enforce-
ment agencies.

In contemporary scientific publications,
considerable attention is paid to the develop-
ment of forensic veterinary expertise of trau-
matic injuries in animals, especially in the con-
text of countering ill-treatment and illegal use
of weapons (Lemishevsky, 2024). The research-
er emphasised the key role of pathomorpholog-
ical research in establishing the mechanism of
trauma, causes of death, and forming an evi-
dence base for law enforcement agencies. The
need for a systematic approach to the interpre-
tation of injuries, considering morphological
changes in tissues and the circumstances of
the wound, which is of particular importance in
armed conflicts, was highlighted. However, the
available review works are mostly generalising
in nature and do not always detail the patho-
morphological features of gunshot wounds in
dogs. Pathomorphological examination of gun-
shot injuries allows objectively establishing the
mechanism of injury, the nature of the wound,

the direction and distance of the shot, and the
cause of death, which is key for documenting
war crimes and countering animal cruelty in
war conditions.

In the vast majority of cases, when animals
are hit by firearms, soft tissues are primari-
ly damaged, less often — parenchymal organs
and the brain. However, the immediate cause
of death is internal bleeding and pain shock.
Visually, the damage will be accompanied by
an entrance hole, which is a rounded defect
up to 3 mm in size. The characteristics of the
wound canal will depend on the morphological
structure of the damaged tissue, on the degree
of innervation and blood supply. If a parenchy-
mal organ is affected, the entrance wound will
have a star-shaped structure; if soft tissues are
affected, haemorrhages will be present.

Clinical cases associated with injuries from
the use of shells have a similar course to inju-
ries from other types of weapons, so experts
need certain markers for differential diagnosis.
N. Bradley-Siemens & A.I. Brower (2016) de-
scribed common types of shell injuries found
in the United States of America, including
firearms and ammunition associated with this
form of injury. Three stages of ballistics expo-
sure were discussed — internal, external, and
terminal wounding.

R. Shrestha et al. (2023) detailed morpho-
logical features of gunshot wounds that are of
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key importance for pathomorphological and fo-
rensic veterinary interpretation. Special atten-
tion was paid to the characteristics of the wound
channel, which can be straight or tortuous, with
zones of primary destruction, contusion, and
distant tissue damage caused by the transfer
of kinetic energy of the bullet. Secondary mor-
phological changes were also described — bone
fractures with radial cracks, ruptures of blood
vessels and internal organs, massive haem-
orrhages, and with high-speed wounds - the
phenomena of a temporary pulsating cavity.
These signs are fundamentally important for
pathomorphological examination of dog corps-
es, since they allow establishing the mechanism
and direction of the shot, the approximate dis-
tance of the wound, and the immediate cause
of death, which is important both for veterinary
expertise and for the investigation of cases of
animal cruelty.

J. Linder et al. (2023) devoted their research
to the analysis of ballistic (firearm) injuries to
the axial skeleton in 13 animals, mainly dogs.
The researchers described the localisation of
spinal and cranial injuries, neurological and
ophthalmic manifestations, treatment ap-
proaches, and short-term clinical outcomes.
T.H. Edwards et al. (2021) found that firearm
injuries, as opposed to mechanical injuries, dif-
fer in terms of their mechanism of occurrence,
clinical course, and various morphological
manifestations. This fact is conditioned by the
fact that gunshot injuries are a component of
gunshot wounds and they will always compli-
cate the pathogenetic situation.

K. Schrock et al. (2021) conducted a study
of 97 animals with 137 acute fractures that were
caused by gunshot wounds. Of these, 21 animals
(15.3%) had fractures of the maxillofacial bone,
16 animals (11.7%) had spinal fractures, 8 ani-
mals (5.8%) had rib fractures, 56 animals (40.9%)
had fractures of the distal long bones (below
the knee and elbow joints), and 36 animals

Ukrainian Journal of Veterinary Sciences. 2025. Vol. 16, No. 4

(26.3%) had fractures of the proximal long
bones. Gunshot fractures generally have a high
probability of poor outcome, which is associat-
ed with complications from soft tissue damage.

H. Baruah et al. (2021) found that with a
gunshot wound, there will necessarily be an an-
atomical defect and functional disorders in the
surrounding tissues, possibly bacterial contami-
nation of the wound edges. The degree of dam-
age to the tissue elements will depend on the
ballistic characteristics of the projectiles: on the
calibre, on the speed, on the shape and size, on
the angle at which it enters the target, and on the
anatomical structure and condition of the tissues
at the wound site. However, the amount of energy
transferred to the tissues will be crucial.

Given the small amount of literature data
on the use of radiological imaging techniques
in forensic veterinary medicine, M. Grela et
al. (2021) attempted to evaluate the benefits of
radiography and computed tomography (CT) in
post-mortem diagnosis of gunshot wounds com-
pared to classical autopsy. The experiment con-
sisted of the following: 13 corpses of dogs were
examined, in which the injuries were inflicted
from different distances (1.5 and 12 metres) and
one animal had a contact shot to the head. In
each case, different types of ammunition were
used, followed by X-rays and CT scans to inves-
tigate injuries sustained as a result of the shot.
Post-traumatic bone damage and the presence
of metallic foreign objects were successfully
imaged in the study material using both X-ray
and CT. GSW analysis using CT scans provided
much better data quality and some addition-
al information. Based on the results of experi-
ments, the following general conclusions can
be drawn. Firstly, the damage caused by a fire-
arm correlates with the calibre, kinetic energy
of the bullet, and the distance from the muzzle
to the object of the shot is also very important.
Secondly, radiological examination is useful for
preparing forensic veterinary reports. They are
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used as an adjunct to classical autopsies, and
X-rays and CT scans increase the possibility of a
more accurate post-mortem diagnosis.

The studied literature does not sufficiently
cover the injuries that can occur under certain
circumstances as a result of the use of firearms.
In a few papers devoted to this problem, only
macroscopic manifestations of the action of
damaging factors of shots were studied and, as
a rule, only the possibility of mechanical inju-
ries (bruises, abrasions, wounds, bone fractures,
damage to internal organs, and other anatom-
ical structures) was stated. The available data
were often unsystematic and were based solely
on visual observations.

Each case of injury should be considered
as individual and unique. Each gunshot wound
is an injury that requires an individual ap-
proach — the same weapon and ammunition
can cause completely different injuries, and
different types of weapons and ammunition can
cause the same or similar injuries. A veterinary
physician acting as a forensic expert in the as-
sessment of gunshot wounds in animals should
have broad, unbiased knowledge and be able to
analyse each case individually, without resort-
ing to generalisations. Therefore, the purpose
of this study was to determine the characteris-
tic pathomorphological changes in the area of
a gunshot wound in dogs injured by firearms.

Materials and Methods

The research was conducted from January 2024
to June 2025 at the scientific laboratory of
the Department of Vertebrate Biomorphology
named after Academician V.G. Kasianenko at
the National University of Life and Environmen-
tal Sciences of Ukraine and at the Department
of Normal and Pathological Morphology and
Forensic Veterinary Medicine of Odesa State
Agrarian University, within the framework of the
interdepartmental research topic “Pathogenesis
and Pathomorphology of Violent Death in the
Context of Forensic Veterinary Examination”,

state registration No. 0123U102492. Live ani-
mals did not participate in the study. The au-
thors considered the recommendations of AR-
RIVE (n.d.), however, since the present study
was post mortem, it was based on OIE/WOAH
standards (n.d.).

The study was conducted as part of a pre-tri-
al investigation of criminal proceedings entered
in the Unified Register of Pre-trial Investiga-
tions on the grounds of a criminal offence un-
der Part 1 of Article 299 of the Criminal Code of
Ukraine. The study material was the corpses of
two mixed-breed dogs aged 4 and 5 years, who
died as a result of gunshot wounds. Pathoana-
tomical examination of corpses was carried out
in accordance with generally accepted foren-
sic veterinary methods in compliance with the
principles of completeness and objectivity of
the examination. The autopsy was performed
in the dorsal position using the complete evis-
ceration method. Before starting the autopsy, a
visual examination of animal corpses was per-
formed, the general condition of the body, the
presence of injuries, fatness were assessed, and
attention was paid to the condition of the skin
and mucous membranes of the respiratory tract,
oral cavity, and eyes. After the autopsy, a se-
quential study of the subcutaneous base, mus-
cles, bone system, thoracic and abdominal or-
gans, central nervous system, and vascular bed
was performed. Special attention was paid to
the identification, localisation, and morpholog-
ical characteristics of entrance and exit gunshot
wounds, the direction and features of the wound
canal, the presence of concomitant injuries and
secondary pathological changes. Macroscopic
assessment of injuries was performed taking
into consideration the shape, size, condition of
the wound edges, the presence of haemorrhag-
es, tissue detritus, deformation of organs and
bones. Signs of lifetime trauma were recorded,
in particular, tissue reactions, vascular chang-
es, haemorrhagic events, and manifestations
of aspiration complications. All significant
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morphological changes were documented by
photographing. All data was carefully described
and recorded in the protocol.

To investigate the morphological picture
of injuries that occur during the use of fire-
arms, histological examination of tissue mi-
cro-preparations from the sites of incoming
gunshot wounds was performed. A key role in
forensic veterinary examination was played
by histomorphological changes that occur in
the tissues that form the wound channel after
a firearm shot. The study of these changes is
important because it helps to clearly distin-
guish injuries caused by firearms from injuries
of other origin (for example, caused by blunt or
sharp objects, or shots from gas weapons), thus
increasing the objectivity of the expert opinion.

For histological examination, tissue sam-
ples were taken from the areas of incoming
and outgoing gunshot wounds, wound canal,
adjacent soft tissues, and internal organs that
were damaged. Subsequently, the selected ma-
terial was fixed in a 10% solution of neutral
formalin (pH 72-74). Haematoxylin and eosin
were used for staining histological sections.
Microstructural changes and histological struc-
ture in the preparations were studied under an
MC 100 LED light microscope (Micros Austria).
During the histological assessment, the nature
of alterative, necrodystrophic and vascular
changes, the presence of haemorrhages, throm-
bosis, destruction of muscle fibres, and the

localisation and distribution of powder com-
bustion products (soot, microparticles) in the
structures of the skin and subcutaneous base
were analysed. Interpretation of the obtained
morphological data was carried out based on
literature sources on forensic veterinary medi-
cine, pathomorphology, and clinical traumatol-
ogy. Based on the combination of macro- and
microscopic signs, the mechanism of injury, the
damage during lifetime, the features of thana-
togenesis and the causal relationship between
a gunshot wound and the onset of animal death
were established.

Results and Discussion

Examination of the corpse of the first dog
showed that it was a male (neutered) under 4
years of age, well-fed, body length 88 cm to the
base of the tail. The body structure was propor-
tionate and correct, the coat colour was pale
brown, and there was an ear tag on the left ear.
The hair cover was short and firmly attached to
the hair follicles. The skin was grey and white.
The coat was locally stained with blood behind
the last rib, on the left side of the body (ven-
trally from the vertebrae), and on the right side
of the body (lateral abdominal area) — behind
the last rib, at the level of %2 of its length. One
gunshot wound with a diameter of approxi-
mately 0.4 cm was observed in the skin of the
above-mentioned areas, on the left and right
sides of the body (Fig. 1).

Figure 1. Entrance gunshot wound on the left side of the dog’s body
Note: A — the black arrow shows the entrance hole from a gunshot wound; B — the size of the wound

Source: photo taken by the authors
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The cornea, sclera, and conjunctiva of the
eyes were light red in colour. The oral fissure
was closed, vomit masses of white colour of
doughy consistency were observed in the lu-
men of the oral cavity. The skin around the
mouth slit was contaminated with vomit. The
mucous membrane of the gums and oral cavity
was moderately moistened, without damage,
with natural pigmentation. The teeth were
firmly held in their sockets. In the lumen of
the nasal cavity, separate fragments of doughy
masses (identical to the contents of the oral
cavity), the mucous membrane of diffuse, light
red colour was observed. The anal opening
was clean, without pathological changes and
damage. The integrity of bones and joints was
not compromised. Algor mortis was clearly ev-
ident, with the lower jaw locked in place. There
were no cadaveric spots or signs of decomposi-
tion of the corpse.

The results of a pathoanatomical autopsy
of the first dog showed that during his lifetime
he received a through gunshot wound with the
establishment of a direct wound channel. En-
trance gunshot wound on the left side of the
body - area of the ventral edge of the first lum-
bar vertebrae; the wound channel ran from the
cranial edge of the spleen dorsoventrally, in the
wall of the duodenum (loops located at the level
of the caudal edge of the pancreas); in the con-
nective tissue of the cranial mesenteric lym-
phatic centre, in the wall of the jejunum; the
exit gunshot wound was located on the right
side of the body, at the level of ¥4 the length of
the last rib.

C.S. Bartlett (2013), H. Capak et al. (2016)
and B.B. Putra et al. (2017) based on morpholog-
ical and functional changes in gunshot wounds,
identified three zones within the wound chan-
nel: primary wound channel, contusion, and
concussion. According to current research, the
primary wound channel was caused by crush-
ing, separation, and fragmentation of tissues

along the axis the projectile trajectory. The di-
ameter and contour of the same channel var-
ied throughout its entire length. This is condi-
tioned by the behaviour of the projectile and the
anatomical characteristics of damaged tissues.
Sometimes, with gunshot wounds, the result-
ing tissue defect is filled with wound detritus,
crushed tissues, and blood. The contusion zone,
or the zone of direct traumatic, primary necro-
sis, occurs when a projectile comes into contact
with living tissues that are located in the im-
mediate vicinity of the wound canal. As a result
of the physical impact of the projectile on the
tissues, they are the first to undergo necrosis at
the time of injury or immediately, in the next
few hours after it. A concussion zone is a zone
of lateral impact that is directly adjacent to tis-
sues that have completely lost their viability at
the time of injury or in the next few hours after
it. This was discovered during the resection of
the dog’s skin: on the left side of the body be-
hind the last rib, in its dorsal part (the area of
the ventral edge of the first lumbar vertebrae),
the subcutaneous base and muscles (the psoas
major muscle) around the wound channel were
damaged and saturated with blood (diameter
up to 2.5 cm) (Fig. 2).

On the right side of the dog’s body, at the
level of V4 the length of the last rib, the subcuta-
neous base and muscle tissue (oblique abdom-
inal muscle) around the wound channel were
saturated with blood. The above-mentioned in-
juries of the domestic dog were life-threatening
injuries, which at the time of inflicting caused
a threat to the animal’s life. The injury caused
pain that activated the gag reflex, which led to
the ingress of vomit into the respiratory tract
and their blockage. As the autopsy showed,
the oesophagus and trachea contained vomit
masses resembling a pasty mass (milky in col-
our with a light green tint) (Fig. 3). The mucous
membrane of the oesophagus has acquired a
greyish pink colour, the trachea - light red.
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Figure 2. General view of the entrance gunshot wound after resection

of the skin on the left side of the dog’s body
Note: A — the arrow shows the area of skin resection around the wound site; B — the area of soft tissue damage and

blood impregnation
Source: photo taken by the authors

Figure 3. Aspiration of the respiratory tract with vomit
Note: A — the arrows show the oesophageal mucosa with vomit of a domestic dog; B — the arrows show the presence
of vomit in the lumen of the trachea, large and medium bronchi
Source: photo taken by the authors

The lumen of the trachea, large and medi-
um bronchi was up to 80% clogged with pasty
greyish white vomit with a light green tint.
Light uneven colour, from light pink to dark red,
darker red clearly defined areas that sunk above
the general surface. Areas without clear con-
tours of various shades of red were observed.
Up to 30% of small bronchi contained vomit.
Parenchyma had no content.
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O.F. Pirgo (2024) pointed out that very
often with gunshot wounds, animals experi-
enced a state of shock. There are several mech-
anisms in its pathogenesis. This condition
cannot be considered only hypovolemic. An
important role is played by a pronounced pain
syndrome and significant tissue damage, in
which tissue mediators are released. Research
by LS. Zozulia et al. (2021) demonstrated
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that central and peripheral pain receptors are
involved in the perception of pain. Visceral
pain occurs when the receptors located in the
peritoneum are irritated and respond to dam-
age. It does not have a clear localisation, and is
often combined with signs of irritation of the
autonomic nervous system: nausea, pallor of
the skin, vomiting, palpitations, and sweating.
At first, vomiting has a reflex character (due to
irritation of the peritoneum), and then shock,
hypoxia and intoxication of the body develop,
the frequency of vomiting increases and be-
comes of central origin.

During the examination of the heart, no
blood was observed in the atria, there was a mod-
erate expansion of the lumen of the ventricles

of the heart (right more) with a wall ratio of
1:4. No pathological changes were detected in
the membranes of the heart. The blood was
semi-liquid, dark red. The abdominal cavi-
ty contained liquid blood of dark red colour
with admixtures of clots in a volume of up to
0.5 litres. On the surface of the serous mem-
branes — blood clots. The visceral peritoneum
and omentum contained moderate amounts of
adipose tissue. Blood vessels had lower than
average blood filling. Serous membrane of the
abdominal wall, stomach, and intestines had a
diffuse light red colour. In the abdominal wall
on the left side of the body, an entrance gun-
shot wound with a diameter of up to 0.5 cm,
oval in shape, was observed (Fig. 4).

Figure 4. General view of the entrance gunshot wound
from the serous membrane of the abdominal wall of a domestic dog
Note: A - the arrows indicate changes on the side of the serous membrane in the area of the entrance hole; B - the
place of the entrance hole in the area of the abdominal wall on the left side of the animal
Source: photo taken by the authors

The wound channel passed through the
dorsoventral surface of the spleen along the
cranial edge of the organ, continuing into the
wall of the small intestine loops and the con-
nective tissue of the cranial mesenteric lym-
phatic centre. The exit gunshot wound was
located in the abdominal wall on the right
side of the body, oval in shape with a specific
tissue deformity (Fig. 5). On the right side of
the dog’s body, at the level of ¥4 the length
of the last rib, the subcutaneous base and

muscle tissue (oblique abdominal muscle)
around the wound channel were saturated
with blood.

The stomach was then examined and found
to be of normal shape, with no obstruction of
the cardia or pyloric regions. The organ was
half-empty, the mucous membrane of the bot-
tom of the stomach was covered with contents
identical to vomit found in the respiratory tract.
Pronounced folding and light red colouration of
the gastric mucosa were observed.
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Figure 5. General view of the initial gunshot wound

after skin resection on the right side of the body of domestic dog
Note: A - the arrows in the figures indicate the location of the exit hole of the gunshot wound; B — the specific

deformation of tissues in the area of the exit hole
Source: photo taken by the authors

The intestine (small part) was empty, the
serous membrane had a light red colour, with
the exception of two areas of rich dark red col-
our (at the level of the caudal edge of the pan-
creas), where through holes pass, which were a
continuation of the wound channel. Damage to
the integrity of the wall of the jejunum was es-
tablished, the loop of which was located on the
right side of the body. The edges of the holes
were soaked in blood. Large intestine had no
damage, light red colour.

The spleen remained unchanged in vol-
ume, diffuse light red in colour, with a wound
channel running dorsoventrally from its cra-
nial edge, which had stellate tears (more pro-
nounced on the dorsal side), the edges of the
tears were concave in the dorsoventral direc-
tion and saturated with blood. The liver was not
enlarged in volume, with sharp edges, the organ
had a diffuse light brown colour, the parenchy-
ma was moderately moistened, the vessels were
below average blood filling, and the parenchy-
ma was distinctly granular. The gallbladder
had a medium filling, bile of greenish mustard
colour. The mucous membrane of the gallblad-
der was velvety, yellow in colour. The pancreas
had a diffuse grey-pink colour, the vessels had
below average blood filling. In the kidneys, the
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border between the cortical and medulla was
well expressed, the colour of the cortical sub-
stance was light brown, the cerebral substance
was greyish white. Bladder was pear-shaped,
hollow, serous membrane of light red colour,
mucous membrane of pale pink colour.

Pathoanatomical examination showed that
the bones of the skull were dense and immo-
bile, the mobility of the spine was preserved,
and the spinal column had a natural configura-
tion without signs of deformities or mechanical
damage. In general, maintaining bone integri-
ty in gunshot wounds in dogs was considered
a prognostically favourable factor associated
with a higher chance of survival with timely
veterinary care, as reported by R.J. Fullington
& K.M. Otto (2017). However, the results of re-
search by J.R. Lewis et al. (2008) and M. Grela
et al. (2021) indicate that penetrating damage
to internal organs or involvement of anatom-
ically critical areas significantly impairs the
prognosis regardless of bone condition, which
was confirmed by the results obtained in the
current study.

During histological examination of the en-
trance gunshot wound, it was found that the
structure of the affected tissues was dominated
by pronounced necrodystrophic changes and
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significant haemodynamic disorders. In the pa-
renchymal-stromal elements of soft tissues, an
intense layering of powder combustion prod-
ucts was visualised: soot and small individual
dust particles. Localisation of these elements
had a specific character: the surface was char-
acterised by the fact that the bulk of soot and
microparticles of gunpowder ended up in the
epidermis and surface layers of the dermis, and
with deep localisation, due to the mechanical
action of the shot, there was a delamination of
the surface layers of the skin, which ensured the
penetration of foreign particles into the dermis.
They were infiltrative and concentrated perifol-
licularly (around the hair follicles). In addition,
micro particles of gunpowder were found in
the sebaceous glands. Morphological chang-
es were recorded in the reticular layer of the
dermis, which were manifested by pronounced
oedema and destructive changes in the vascu-
lar bed. Uneven connective tissue oedema was
noted. Disorganisation of collagen fibres was
observed: their thick bundles were focally de-
tached and lost contact with subcutaneous adi-
pose tissue. The compression of fibres was also
observed, leading to histoarchitectonic disrup-
tion. In the affected areas, the walls of blood
vessels were homogenised, the endothelium
was desquamated, and blood clots were present
in small vessels.

When examining muscle tissue in the
wound area, a combination of alterative chang-
es, haemodynamic disorders, and mechanical
stratification of muscle fibres was recorded. Dif-
fuse and focal haemorrhages were also detect-
ed. In the areas of haemorrhagic infiltration,
the structure of muscle fibres was sharply dis-
rupted: there was a loss of sarcolema, infiltra-
tion of sarcoplasma by red blood cells, and the
absence of nuclei. In relatively preserved fibres,
the absence of transverse striation was noted,
which is evidence of deep destructive changes
in myofibrils. The established morphological

features were sufficient to determine the mech-
anism of wound formation and its differentia-
tion from other types of injuries.

Based on the conducted pathomorphologi-
cal study of Case No. 1 (through gunshot wound
of the abdominal organs of a domestic dog),
the following key aspects were established:
morphological parameters of the entrance and
exit holes, and the nature of the wound chan-
nel, most likely indicate the use of small-cal-
ibre firearms using pellets with a diameter of
approximately 0.5 cm. A direct causal relation-
ship was also established between the gunshot
wound caused and the death of the animal. The
specified wound was classified as an injury that
caused acute, life-threatening pathological
phenomena at the time of infliction. The death
of the animal occurred as a result of the com-
bined action of traumatic factors. The leading
pathological processes were: acute internal
bleeding (haemoperitoneum) caused by multi-
ple violations of the integrity of the parenchy-
mal and hollow organs of the abdominal cavity
(spleen, duodenum, jejunum) and obstructive
asphyxia (mechanical obstruction of the air-
ways by aspirated vomit), which led to obstruc-
tive atelectasis of the lungs. The detected signs
(hyperaemia of the cornea and sclera, anaemia
of internal organs, the presence of vomit in the
respiratory tract) confirm that the injury was
in vivo, accompanied by intense pain and acti-
vation of protective reflexes (vomiting) shortly
before death. This case illustrates the need for
a detailed sectional study to identify all links in
thanatogenesis, which is key to an objective fo-
rensic veterinary assessment.

The results of previous research and stud-
ies by other scientists indicate the need for
pathomorphological research to consider such
signs as: damage to organs responsible for vital
functions of the body, the area and severity of
damage to various organs and tissues; the de-
gree of blood filling of vessels of parenchymal
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organs; the state of blood in the vessels. The
development of a blood clot in the area of ves-
sel damage (local haemostasis) helps to stop
bleeding. However, during acute massive blood
loss, damage to large-calibre vessels and trau-
matic injuries to a large volume of tissues, ex-
cessive blood hypercoagulation becomes an
independent pathogenic factor and can lead
to the development of disseminated intravas-
cular coagulation (DIC) (Skrypka et al., 2020;
Yatsenko, 2023).

In the second case, a study was conducted
on a domestic dog (female), 5 years old, mixed
breed, average body condition. The body struc-
ture was proportionally correct; the coat was
black and grey with a white colour of the ven-
tral neck and underbelly (grizzle). Hairline was

medium length, firmly attached to the hair
follicles. The skin was grey and white. The in-
tegrity of the bones and joints was not com-
promised. There was no discharge from natural
orifices. The anus was clean, without patholog-
ical changes and damage. The conjunctiva of
the right eye was red with haemorrhages. The
integrity of the membranes of the right eyeball
within the anterior pole was damaged with a
hole and a dark red (almost black) border along
the edge, with blood in the form of a thin crust
on the surface (Fig. 6A). The conjunctiva of the
left eyeball was unevenly dull red in colour,
with no damage to its integrity. The lumen of
the nasal cavity was free, the mucous mem-
brane was diffuse light red in colour (Fig. 6B).
The oral cavity was closed.

Figure 6. External pathomorphological changes
in the head area of a domestic dog after a bullet wound
Note: A — the arrows in the figures indicate haemorrhagic impregnation of the right eyeball; B — hyperaemia of the
nasal mucosa
Source: photo taken by the authors

The mucous membrane of the gums and
oral cavity was moderately moistened, without
damage and layers with the existing natural
pigmentation. The root of the tongue and the
pharyngeal mucosa were light red with haem-
orrhages. The teeth were firmly held in their
sockets with moderate enamel wear and pro-
nounced tartar build-up.

Algor mortis and rigour mortis were well
expressed. However, there were no cadaveric
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spots or signs of decomposition of the corpse.
During skin resection in the head area, dark red
discolouration was observed in the subcutane-
ous tissue and muscles around the right eyeball,
root area, and bridge of the nose. The periorbi-
tal, intra- and extraorbital fat bodies have be-
come gelatinous in consistency, saturated with
bloody fluid. The muscles under the eye (circu-
lar eye muscle) had a rich dark red colour, high
humidity in the form of a triangle (Fig. 7).
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Figure 7. Pathomorphological changes during skin resection
in the head area of a domestic dog after a bullet wound
Note: A — the arrows indicate haemorrhagic impregnation of periorbites, intra- and extraperiorbital fat bodies;
B —-haemorrhagic impregnation and the entrance wound opening of the right eyeball

Source: photo taken by the authors

During the examination of the animal’s
masticatory muscles, diffuse haemorrhage with
the formation of dark blood clots was observed
(Fig. 8A). The same diffuse haemorrhage was

4

found in the pterygoid muscle. A metal object re-
sembling a shotgun pellet, up to 1 cm long, with
signs of moderate deformation, was found and
removed from the thickness of the latter (Fig. 8B).

Figure 8. Pathomorphological changes
in the masticatory muscle area caused by a foreign object
Note: A — the arrows indicate haemorrhages in the masticatory muscles; B — a metal object removed from the
masticatory muscle tissue
Source: photo taken by the authors

The lungs were diffuse light red in colour,
with vessels of moderate blood filling. Lumen
of the trachea, bronchi and alveoli had no con-
tents. When examining the heart, the expan-
sion of the lumen of the right atrium (maxi-
mum) and ventricle was observed as a result of
their blood filling, postmortem blood clotting
was pronounced. No pathological changes were
detected in the membranes.

Abdominal cavity had no foreign contents.
The placement of organs was anatomically cor-
rect. The serous membrane of the digestive tract
and the greater and lesser omentum were dif-
fusely light red in colour. The visceral peritone-
um and omentum contained moderate amounts
of adipose tissue. Blood vessels had moderate
blood filling. Serous membranes were moder-
ately moist and smooth. The stomach had a
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regular shape. The patency of the cardiac and py-
loric parts was not disturbed, the organ was be-
low average filling, contained dirty-grey fluid, the
gastric mucosa was light red, and greyish pink in
other areas. The intestines were empty, the se-
rous membrane was light red, the mucous mem-
brane was pale pink, covered with a moderate
amount of translucent mucus. The spleen was not
enlarged in volume, pink with a brownish tinge,
the edges were pointed, there was no scraping of
the parenchyma, blood vessels of medium filling.
The liver was not enlarged in volume, brownish
red, the parenchyma was moderately moistened,
the vessels are of medium blood filling, the pa-
renchyma was distinctly granular, the edges were
rounded. The gallbladder had a medium filling,
bile had greenish mustard colour. The mucous
membrane of the gallbladder was velvety, yellow
in colour. The pancreas was characterised by a
diffuse light red colour, and the vessels had be-
low-average blood filling.

In the kidneys, the border between the corti-
cal and medulla was not pronounced, the colour
of the parenchyma was red brown. The bladder
was pear-shaped, empty, the wall was thickened,
the serous membrane was light red, the mucous
membrane was uneven dull red, and barely

noticeable haemorrhages were noted. The
lymph nodes of the cranial mesenteric lymph
centre were not enlarged, pink, and the paren-
chyma was moderately moist. The wall of the
uterus, uterine horns and ovaries were diffusely
red in colour. The animal was pregnant (up to
2 weeks of gestation, 8 foetuses were counted).

The bones of the skull were dense, con-
nected to each other motionless. The perios-
teum was uneven from light pink to dark red.
The membranes of the brain were uneven dark
red in colour, in the area of the basal surface of
the brain-blood clots, brain tissue of gelatinous
consistency, vessels filled with blood. A focal
subdural haematoma was found in the area of
the visual intersection and the appearance of a
diffuse subdural haematoma of the brain in the
caudal direction, which went beyond the brain
cavity, reaching the subdural space of the spinal
canal (1-2 cervical vertebrae).

Spinal mobility remained within the nor-
mal range. Vertebral column had no deforma-
tions and damage, natural configuration. The
integrity of the spinal cord was not compro-
mised. The spinal canal of the atlas contained a
blood clot, and the meninges of this area had an
uneven red colour (imbibition) (Fig. 9).

Figure 9. Changes in the spinal canal area of the atlas
Note: A — the arrows indicate the spinal canal in the atlas region containing blood clots; B — blood impregnation of
the medial (inner) wall of the atlas
Source: photo taken by the authors

The pathomorphological study of the Case
No. 2 of a blind gunshot wound to a domestic
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dog provided the following conclusions: the
death of the animal occurred as a result of the
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development of critical pathological processes
threatening the body, namely: severe traumat-
ic brain injury, which led to the formation of
massive intracranial and spinal haematomas
and secondary brain oedema. A direct causal
relationship has been established between me-
chanical damage caused by the action of pellet
weapons and the onset of animal death. De-
tected injuries (violation of the integrity of the
eyeball, subdural haematomas of the brain and
spinal cord, brain oedema) were classified as
severe injuries. This case was an illustration of
the application of objective morphological cri-
teria to confirm the fact of animal cruelty. The
degree of damage to the central nervous system
indicates the presence of intense pain and irre-
versible changes, which is a sufficient basis for
appropriate legal qualification of actions.
Analysis of the results of studies of two cas-
es of gunshot wounds of animals showed that
when classifying trauma as severe or fatal, mas-
sive blood loss or the development of dissemi-
nated intravascular coagulation syndrome (DIC)
is not always the leading pathogenetic mecha-
nism. The results obtained are consistent with
the data by A.M. Perebetiuk & V.V. Biktimirov
(2003), who noted that when fired at close range
from a gas barrel weapon, blood vessels are the
first to suffer. Changes in them depend on the
area of attachment of vessels to the wound,
massive thrombosis is noted in large blood
vessels, and due to plasmorrhagia, the walls of
these vessels are homogenised. C.S. Bartlett
(2013) found that in more remote areas from the
wound, in the vessels of the microcirculatory
bed, there is a violation of the rheological prop-
erties of blood in the form of stasis and micro-
thromb development. The permeability of the
walls of blood vessels becomes high, which is
confirmed by diapedetic haemorrhages. Chang-
es that occur in the wound area when fired at
point-blank range from a gas barrel weapon are
also characteristic of injuries from a firearm.

M. Risselada (2017) emphasised that pen-
etrating traumatic injuries in dogs, in particu-
lar gunshot wounds, can be accompanied by
minimally pronounced external morphological
changes in the presence of significant internal
injuries, which complicates their initial visual
assessment. L. Miller et al. (2018) showed that
in service dogs that suffered combat and gun-
shot injuries, deaths were most often caused by
damage to internal organs and the development
of critical pathological conditions, and not by
the nature of external wounds. From a foren-
sic veterinary standpoint, this is of fundamen-
tal importance, since an objective assessment
of the severity of gunshot damage is possible
only based on the results of a full-fledged sec-
tional study with an analysis of the wound ca-
nal and damage to internal organs. The results
obtained in this paper confirmed the need for a
comprehensive pathomorphological approach
to establish the mechanism of injury, thanato-
genesis, and causal relationship between dam-
age and the onset of animal death.

Thus, the results of pathomorphological and
histological examination of two cases of gun-
shot wounds in dogs demonstrated significant
variability in the localisation of injuries, mech-
anisms of traumatic action, and morphological
manifestations of tissue and organ damage. In
both cases, the characteristic signs of gunshot
trauma with the formation of wound channels,
pronounced alterative and destructive changes
in soft tissues, vascular disorders, and secondary
pathological processes that were crucial in the
development of fatal consequences were estab-
lished. The obtained morphological data helped
to objectively assess the severity of injuries, their
lifetime nature, and the relationship between
the localisation of trauma and the development
of critical pathological conditions. The present-
ed results expanded the available information
on the pathomorphological features of gunshot
wounds in dogs and can be used in veterinary
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pathoanatomy, forensic veterinary practice, and
in the preparation of expert opinions.

Conclusions

The study of two cases of death of domestic dogs
due to gunshot wounds allowed systematising
the key pathomorphological criteria necessary
for an objective forensic veterinary assessment
of animal cruelty. In both cases, the presence of
multiple serious injuries caused by firearms was
unquestioningly qualified as ill-treatment that
led to the death of animals. Despite the differ-
ent locations of the primary injury (abdominal
cavity in Case No. 1; eyeball and central nerv-
ous system in Case No. 2), critical, life-threat-
ening pathological processes developed in both
situations. In particular, Case No. 1 illustrated
the rapid development of haemorrhagic shock
due to internal bleeding. Case No. 2 recorded
neurological complications — fatal consequenc-
es of traumatic brain injury (haematomas, brain
oedema), which caused irreversible changes in
the central nervous system. The complex of
detected histomorphological changes (pro-
nounced necrodystrophic processes, haemo-
dynamic disorders, and destruction of muscle
fibres) indicated the presence of a gunshot
wound. The characteristic localisation of gun-
powder combustion products in the deep layers
of the dermis and specific changes in the vascu-
lar bed were pathognomonic signs of the effects
of concomitant factors of a firearm shot from
close range (contact or near-contact shot). The
identified criteria allowed differentiating this
wound from injuries of other origin.

Based on a detailed pathoanatomical study
in both cases, a direct causal relationship was
clearly established between the action of the
traumatic factor (shot) and the onset of death,
which is a key criterion for qualifying a crime.
Morphological features, such as ante-mortem
tissue reactions, hyperaemia of the mucous
membranes, organ anaemia, and obstruction of
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the respiratory tract by vomit, confirmed that
the animals experienced intense pain and sig-
nificant suffering shortly before death. The de-
scribed cases emphasised the need for a compre-
hensive approach (including pathoanatomical
and histological examination) to fix all injuries
and determine the exact mechanism of death,
which ensures the scientific validity of forensic
veterinary examination. They demonstrated that
a comprehensive approach is needed to objec-
tively establish the truth in the forensic veteri-
nary examination of gunshot wounds. A detailed
study of all body systems allows not only stating
the fact of injury, but also accurately establish-
ing the pathophysiological chain of events that
led to death, which is of key importance for fo-
rensic qualification of animal cruelty.

The prospects for further research are to
expand the sample of forensic veterinary cas-
es of gunshot wounds in domestic animals to
clarify the spectrum of morphological variants
of injuries and features of thanatogenesis, de-
pending on the type of weapon, the distance of
the shot, and the location of the injury. It is ad-
visable to use in-depth histochemical, immu-
nohistochemical, and molecular methods for
objectifying the lifetime of injuries and tempo-
ral assessment of injuries, which will increase
the evidentiary value of expert opinions in
criminal proceedings related to animal cruelty.
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AHoTalis. AKTya/JIbHICTh [OCTIIKEHHS 3YMOBJIEHA 306iJbIIEHHSIM 4YaCTOTM 3aCTOCYBaHHS
BOTHEIaJIbHOI 36p0i 3 ypa)keHHSIM TBapMH IIiJ] YaC BOEHHMUX KOHQIIIKTIB. SIK ITOKa3ye MpaKTUKa,
61/bIIiCTh BOTHEMMAJIbHUX IOPAHEHD — 1€ BUITAJIKYM SKOPCTOKOTO TTOBOKEHHS 3 TBapuHaMu. Came
TOMY, Cy[lOBO-BeTepMHApPHMI eKCIepT TMOBMHEH TNPaBWIbHO OLIHUTK He JIMIIe BOTHeMa/JbHe
MOpaHeHHs, ane I 06CTaBUHY, MOB’M3aHi 3i CTPiMb600. MeTO LbOTO MOCTIIKEHHS O6YIo
BUSIBJIEHHSI Ta 3’ICyBaHHS NaTOMOPGOJOTIYHMX 3MiH, SKi BMHMKAIOTh B OpraHax i TKaHMHAX
cob6ak y 30HiI BOTHeNaJbHOI paHM, MPU IOCTPiJi 31 cTBOIOBOI 36poi. B pamMKax MpoBemeHHS
CYIOBO-BeTepMHApHOi eKkcrepTusyu Oya0 3AifiICHEHO IaTOJIOrOAHATOMIUHMIT PO3TUH JBOX
6e3MPUTYIBHMUX CO0AaK, 10 3aTMHYIM BiJi BOTHEMAJbHUX MMOpPaHeHb. Ilepimii cobaka CBiliCbKMit
3a JKUTTS OTPMMAaB HACKpi3He MOpaHeHHSI OpraHiB YepeBHOI MOPOXKHMHMU, IPUUMHOK 3arubesti
IPYTOTo COGaKyM CTAJIO CIile MopaHeHHs B TOJOBY. 3’ICOBAHO, 1[0 Y TKAHMHAX BOTHENATbHOI paHu
nepeBaskany AUCTPodiuHi Ta HEKPOTUYHI 3MiHM, a TAKOXK PO3/aAy reMogMHaMiKK. B ckeneTHiit
M’S130Biit TKAaHMHI peecTpyBaiy BOTHUILEBi Ta Oudy3HI KPOBOBUIMBH, SIKi JTOKATi3yBaIUCh MiK
pO3IIapOBaHMMM M’SI30BMMM BOJIOKHaMu. Ilopsim i3 myM, BigMidasyu BOTHMIA TeMOpariyHOi
iHginpTpalii. B mpocBiTax cyayH BEJIMKOIO KajaiOpy BUSIBJIS/IM MacHMBHE TPOMOOYTBOPEHHS, ajie
OCHOBHi 3MiHM BigMiyajm B MiKpOUVMPKYJISITOPHOMY pycii. IlaTonoriuni 3minn, axi dikcyBamu
Ha Tilax 3arMbamMx cobak, BiJHOCMIIMCS O BaKKUX TiIECHUX YIIKOMKeHb. BOHM TMPU3BOASTH
IO 3aTPO3JMBUX JIJIST OPTaHi3My IMaTONOTIUYHMX TPOIECiB i 3aKiHUYIOTbCST 3arMbGesuTio TBapUHMU.
OTpumaHi pe3yabTaTi JATh MOKIMUBICTb MOIMUMOUTY 3HAHHS CYA0BO-BETEPUHAPHUX eKCIIEPTiB
i3 mUTaHb ypakeHHsS] TBAPMH BOTHENAJbHOIO 30PO€I0, a BUSIBIEHI 3MiHM MOXKYTb CIYTyBaTH IJISI
IudepeHITiloBaHHS paH, CIPMYMHEHMX Ai€l0 TaKOi 36poi, BiJ paH iHIIOro reHe3y

KiiouoBi c10Ba: CymoBO-BeTepMHApPHA €KCIEePTH3a; BXifHe MOpaHEeHHs; BUXiJHEe TOpPaHEHHS;
BOTHeMaJbHA 36P0sT; PO3TUH
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