Rev Rom Med Vet (2022) 32 | 3: 25-31

25

ISSN: 1220-3173; E-ISSN: 2457-7618

LESIONS INDUCED
BY FATAL URBAN MOTOR-VEHICLE ACCIDENTS IN CATS
LEZIUNI INDUSE
DE ACCIDENTE RUTIERE MORTALE ÎN MEDIUL URBAN LA PISICI
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Motor vehicle-related trauma is a common cause
of death in cats. This prospective study based on the
results of radiological examinations, corroborated with
necropsies and histopathological examinations, was
performed to investigate the injury patterns of 39 cats
involved in fatal road accidents in Bucharest. The results indicated that cross-breed intact adult males are
at a greater risk of fatal motor-vehicle collisions, particularly in the spring season. Fatal motor vehicle accidents in cats result in polytrauma, involving in most
cases head and neck region, the thorax or abdomen
and pelvic area, and less frequently the limbs. Hindlimb fractures were produced along with pelvic fractures. Regarding spinal fractures, they were located
only in the thoracic segment. The abdominal cavity
lesions included hepatic, diaphragmatic, and splenic
ruptures. Pulmonary lesions comprised contusions
and mid lobe ruptures, but also pneumohemothorax
when costal fractures were associated. Head trauma
was the most frequent fatal injury and it was the result
of one or more lesions such as skull fractures, subarachnoid haemorrhages, meningeal ruptures, and
even brain lacerations.
Keywords: road traffic accident,
roadkill, blunt force trauma,
veterinary forensic science

Vehicle - animal collisions are a major and growing
problem, resulting in animal fatalities and human injuries or deaths each year, particularly among motorcyclists (17). In addition, these collisions can create
trauma among all animal populations, including endangered species, pets, and farm animals (38). In England, road traffic accidents are reported to be the
fourth most common cause of death in cats; after elderly causes, various types of cancer, and renal failure
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Traumatismele produse în urma accidentelor rutiere reprezintă o cauză frecventă de deces întâlnită la pisici. Acest studiu de tip prospectiv care a inclus rezultatele examenelor radiologice, corelate cu examenele necropsice și histopatologice a fost realizat pentru a evidenția tablourile lezionale identificate la 39 de pisici implicate în accidente rutiere mortale în București. Rezultatele obținute au indicat faptul că motanii adulți din rasa comună prezintă un risc mai mare de coliziuni mortale cu autovehicule, în special în lunile de primăvară.
Tabloul lezional în cazul accidentelor rutiere fatale la
pisici a fost reprezentat de politraumatism, implicând în
majoritatea cazurilor regiunea capului și a gâtului, toracele sau abdomenul și zona pelvină și, mai rar, membrele. Fracturile membrelor posterioare s-au produs în asociere cu fracturile de la nivelul bazinului. Fracturile coloanei vertebrale au fost localizate doar în segmentul
toracic. Cele mai importante leziuni de la nivelul cavității
abdominale au inclus rupturi ale ficatului, diafragmei și
splinei. Leziunile pulmonare au inclus contuzii și rupturi
ale lobului mediu, dar și pneumo-hemotorax atunci
când au fost asociate fracturi costale. Traumatismul cranian a reprezentat cea mai frecventă leziune fatală și a
fost rezultatul uneia sau mai multor leziuni, cum ar fi:
fracturi craniene, hemoragii subarahnoidiene, rupturi
meningeale, sau chiar dilacerări cerebrale.
Cuvinte cheie: leziuni, accidente rutiere,
traumatisme pisici, medicină legală veterinară

(22, 27, 39). In France, the number of cats killed in
road traffic accidents is three times higher than that of
dogs (19). Moreover, half of the cat deaths in Canada
may be due to road traffic accidents, and the number
of cats killed annually in the United States is estimated
at 5.4 million, four times more deaths than those recorded in dogs (6, 23). In our country, some authors
mention road traffic accidents as the main cause of
trauma in cats (4). Considering the tendency of cats to
hide when injured, their numbers could be much higher compared to dogs, which are more likely to require human care (14). In addition, Intarapanich et al.
(2016) noted that the number of cats involved in road
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traffic accidents could also be much higher since dog
owners are more likely to search for their missing
dogs, while cat owners may assume that their cats
have chosen to not return at their homes (11).
MATERIALS AND METHODS
The present study included 39 roadkill cats from
Bucharest and surrounding areas. Necropsies and
histopathological examinations of the cats were performed according to the general techniques in the Laboratory of Pathological Anatomy and Veterinary Forensic Medicine of the Faculty of Veterinary Medicine,
University of Agronomic Sciences and Veterinary Medicine, Bucharest. Radiographs were taken in the University Clinic of the Faculty of Veterinary Medicine, Bucharest. The classification of the lesions was carried
out by body regions and type of lesion. The present
study included only cases with antemortem traumatic
injuries. The classification of the injuries was made by
dividing the animal's body surface into four main regions: head and neck, thorax, abdomen and pelvic region, and limbs. Particular attention was paid to the
examination of fur integrity, and skin integrity both
before skinning and afterward too in order to find
stains or different road surface materials (gravel,
glass shards, plastics). These aspects were preserved
by overview photographing and in detail images. External examination of the cadavers and dental examination helped to establish the ages. The cases were
classified into three categories as follows: youths (≤1
year), adults (>1 year and ≤11 years), and seniors
(>11 years) (34). The data collected from each case
was recorded in a database that included animal data
(breed, age, sex, hormonal status, and body weight)
and results of the examinations.
RESULTS AND DISCUSSIONS
The results regarding the sex and hormonal status
of the cats indicated a higher incidence of males
(64.10%, n=25) compared to females (35.90%, n=
14). One of the justifications for this difference could
be the higher exposure of males to the environment,
which go in search of females for mating, thus exposing them to a higher number of stressors and pathogens, while females have periods of isolation during

the puerperal phases (40). Regarding the hormonal
status, a very small number of neutered animals (7.69
%) were identified: one male (4%) and two females
(14.28%). Similar percentages of both male numbers
and hormonal status were also obtained by Childs and
Ross in 1986 in a study of 212 cats involved in fatal car
accidents, and by Conroy and colleagues in 2019 in a
study that included victims with survival outcomes (3,
5). However, in 2017, Wilson and colleagues, in a study of feline trauma, noted that there were no sex differences, but this may be due to the fact the considered
individuals were youth animals, up to 12 months old
(39). Regarding breeds of cases in the present study,
cross-breed cats were the main finding (97.43%),
while only 2.56% (n=1) represented British Shorthair.
The results obtained are roughly similar to those obtained by McDonald and his colleagues in 2017, where
the cross-breed was identified in 92.2% of cases (16).
This discrepancy between breeds could be influenced
by the high number of stray cats in Romania, but also
by the limited outdoor access of purebred cats, which
are considered "indoor animals" by some authors
(35). The literature mentions that outdoor cats are
frequently associated with an increased risk of trauma
and involvement in road accidents (19, 23).
The distribution of cases according to age category
was made after examining the appearance of the coat
and internal organs, as well as the dentition according
to the criteria described in the literature (10). The
most frequently observed age category was represented by adults with 24 cases (61.53%), of which 9 females and 15 males, followed by youth with 14 cases
(35.89%), of which 5 females and 9 males, and only
one case, a male over 10 years old (2.56%) included in
the senior category. The age around four years has
also been reported by other authors as the age at
which cats are prone to road traffic fatalities (22, 26).
Regarding senior cats, Loyd and his colleagues argued
that they engage less in risky outdoor activities, such
as crossing roads or interacting with unfamiliar cats,
resulting in reduced risks of road traffic fatalities (15).
Following the distribution of cases according to the
season of the collision, most deaths occurred in spring
(39.48%), followed by summer (25.64%), autumn
(20.51%), and winter (15.38%) (Table 1). This may
be due to seasonal changes in behaviour, with cats
spending more time outdoors in the warmer months
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and more time indoors in winter months, or may be related to mating seasonality.
Body regions involved
Analysing the incidence of affected anatomical regions, approximately equal values were observed for
the involvement of the head and neck region (53.84%,
n=21), the thoracic region (48.71%, n=19), and the
abdomen and pelvic region (48.15%, n=18). Limb injuries accounted for a small number of cases (12.82%,
n=5) compared to the rest of the affected areas.
Regarding the number of cases involving more than
one body region, there were 8 cases involving the
head and neck associated with the chest area (20.51
%), 7 cases involving both the chest area and the
abdomen and pelvic area (19.95%), 5 cases involving
the head and neck area along with the abdomen and
pelvis area (12.82%), 4 cases involving the abdomen
and pelvis area combined with the hind limbs (12.82
%), 1 case involving the head and neck area along
with injuries to the forelimbs (2.56%) and 3 cases involving all anatomical regions (7.69%). The existence
of polytrauma could be influenced by the reduced size
and mass of the cats, thus, in case of impacts, the
contact surface may include multiple anatomical regions (5, 30). In this study, the results on the
distribution of injuries to the head and neck, but also
the abdomen and pelvis are roughly similar to two
other studies on cats involved in road traffic accidents
(12, 13). In the study conducted by Kolata and his colleagues in 1974, the distribution of injuries involved
47% head and neck, 33% abdomen and pelvis, 29%
extremities, and 10% thorax. Later, Kolata (1980) reported the distribution of injuries as follows: head and
neck 35%, abdomen and pelvis 27%, extremities
18%, and thorax 11% (12). In another clinical study
on 128 cats involved in road traffic accidents, Rochlitz
stated that the main areas involved were the extremities, then the head and neck, the pelvic area, and
the thorax (25). The results obtained in this study may
also be different since in the aforementioned study
most of the injuries were non-fatal, with a deadly outcome of 16%. Regarding skin integrity, 46,15% of cases presented different degrees of lesions in the form
of lacerations (61,11%) and excoriations (38,89%).
Additionally, broken claws were observed in 17.95%
(n=7) of the total number of cases in the forelimbs. In
the literature, broken claws are frequently described
in road traffic accidents, but some authors classify
them in the category of human-induced trauma (hanging or confinement of animals in closed containers
such as suitcases) (11). Also, in cases of animal abuse,
fragments of material present on the contact surface
may be present on or near the injured nail (21, 24).
The results of the examinations indicated the head
and neck area is the most frequently affected region
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(53.84%), of which 8 cases were the only anatomical
area involved (38.09%). Regarding head and neck injuries (n=21), the most conclusive injuries consisted
of subarachnoid haemorrhages (57.14%, n=12),
meningeal ruptures (28.57%, n=6), epidural haematomas (23.80%, n=5), brain lacerations (9.52%,
n=2), ocular injuries (14.28%, n=3) and auricular injuries (9.52%, n=2).

Fig. 1. Mixed-breed, adult intact male –
Inguinal musculature laceration and suffusions

Fig. 2. Mixed-breed, intact adult male – Broken claws

Fig. 3. Mixed-breed, intact adult male,
Multiple skull fractures and secondary proptosis
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Of the 21 cases involving the head area, it was observed that 38.09% (n=8) were accompanied by skull
bone fractures (Fig. 3), as follows: base skull fractures
(75%, n=6), frontal and parietal bone fractures (50%,
n=4), jaw fractures (37.5%, n=3), and nasal bone
fractures (12.5%, n=1). Additionally, there were 4 cases with eye injuries (10.25%) (Fig.3).Traumatic brain
injuries were the most common, with results similar to
Withoeft's 2019, but different from those of other
authors who mentioned trauma to the appendicular
skeleton as the most common (25, 36, 40). It should
also be taken into account that these previous studies
addressed animals with survival outcomes, as traumatic brain injuries are often fatal in the absence of early
veterinary assistance (40).

"youth" individuals (20, 33). Cases with ruptures of
the pericardial sac and mediastinal pleura may be
associated with impacts produced at high speeds,
accompanied by animals rolling after the impact.

Lesions identified in the thoracic cavity
Regarding the thoracic region, it was observed that
a high number of studied cases presented lesions
(48.71%). Most cats presented multiple region lesions
and only two cases in this study presented exclusively
thoracic lesions (10.52%). The rest of the cases were
identified with associated lesions on the head and neck
region (42.11%, n=8), abdominal and pelvic region
(36.84%, n=7), or lesions on the forelimbs (15.79%,
n=3). The lesions identified in the thoracic region included: pulmonary contusions (52.63%, n=10), pulmonary ruptures (47.37%, n=9) (Fig. 8), pneumohemothorax (31.57%, n=6), haemothorax (21.05%,
n=4) (Fig. 4 and 5), mediastinal pleura rupture (15.79
%, n=3), pericardial sac rupture (10.53%, n=2) (Fig.
6) oesophageal rupture (5.26%, n=1), and thymic
haemorrhage (5.26%, n=1). Concerning the cases of
pulmonary ruptures, they were predominantly located
in the mid-lung region, involving: the caudal part of
the left cranial lobe in 4 cases (44.45%), right heart
lobe in 2 cases (22.23%), but also 2 cases (22.23%)
with rupture of the left diaphragmatic lobe and one
case with right-sided diaphragmatic lobe (11.12%).
The aforementioned pulmonary ruptures were associated with rib fractures in 7 cases (77.78%), of which 4
were located on the left side (57.14%), 2 on the right
side (28.58%), and one case bilaterally (14.29%).
Considering that the fractures were located on one
side only, the injury pattern belongs to the category of
road traffic injuries, as mentioned by Intarapanich in
her study on the differentiation between injuries
caused by animals (accidental injuries) and those
caused abusively by humans (non-accidental injuries)
where fractures are frequently located bilaterally (11).
Similar to the results obtained in this study, the literature frequently mentions the association between rib
fractures and lung ruptures (29). The cause for the
two cases in which there were lung ruptures, but no
presence of rib fractures, can be attributed to the increased bone elasticity of the age category of the

Fig. 4. Mixed-breed, intact male, adult - Massive
haemothorax caused by pericardial sac rupture

Fig. 5. Mixed-breed, intact male, adult - Massive
haemothorax caused by pericardial sac rupture

Fig. 6. Mixed-breed, intact male, adult Pericardial sac rupture

Fig. 7. Mixed-breed, intact male, adult Mediastinal pleura laceration
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In the present paper, results showed a low incidence of gastric and intestinal rupture, with only one
case for each. As regards intestinal rupture, some authors described this type of intestinal perforation as
secondary to abdominal trauma, but most cases have
been reported in dogs (7, 32). Delayed jejunal perforation is a well-known sequela of trauma, where ischaemia, stenosis, and increased intraluminal pressure are described as possible causes (28). This type
of perforation is frequently reported in humans, especially children, following road traffic accidents (2).

Fig. 8. Mixed-breed, intact male, adult Pulmonary diaphragmatic lobe rupture
Lesions identified in the abdomen and pelvis
Of the 18 cases with trauma to the abdomen and
pelvic region, 27.78% had injuries only in this area
(n=5), the rest of them were associated with injuries
of the chest (38.89%, n=7), head and neck (27.78%,
n=5), or along with injuries to the hind limbs (22.23%,
n=4). Table 2 lists the main lesions identified in the abdominal and pelvic regions.
Regarding the incidence of liver and spleen lesions,
similar results were obtained by Fusillo and his colleagues in a recently published study based on necropsy findings of 26 otters (Lutra lutra) involved in fatal road accidents (9). In cats and dogs, some studies
have described the liver as the most frequently affected abdominal organ due to its large size, increased
friability, and relative immobility according to anatomical positioning (18, 37). Diaphragmatic ruptures
support the injury pattern described in the literature in
road traffic accidents, both in terms of incidence and
type / orientation of tears. Regarding transdiaphragmatic hernias, some authors describe herniation of the
liver, along with the stomach, intestines, and spleen
when the rupture occurs on the left side, and the small
intestine and pancreas in right-sided ruptures (31,
41), but this could not be verified during this study due
to the small number of cases in which transdiaphragmatic hernias were observed (n=2).

Fig. 9. Mixed-breed, intact female, adult –
Liver rupture

Fig. 10. Mixed-breed, intact female, juvenile Circumferential diaphragmatic rupture
Limb fractures
The results of the radiological and necropsy examinations revealed 5 cases of limb fractures (12,82%),
of which 80% were femoral and 20% involved the me-
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tacarpal bones. In all cases, hind limb fractures occurred concomitantly with fractures of the pelvis. Simultaneous involvement of the pelvis and adjacent
bones is frequently described in non-fatal road traffic
injuries in cats. However, in terms of the number of
bone fractures resulting from road traffic accidents,
the literature shows an increased incidence of bone
fractures (60%) in animals with survivals outcome
resulting from road traffic accidents (25).
Vertebral lesions
Spinal fractures were identified in 3 cases of road
accidents. The lesional distribution included 2 cases
with fractures located on 8 - 9 thoracic vertebrae
(66.67%) and one case on 5 - 6 thoracic vertebrae
(33.33%). In non-fatal road traffic accidents, some
authors have frequently described spinal fractures,
but most of them mentioned the lumbar region as the
most affected and the thoracic region as the most
resistant portion of the spine (1, 8).

Fig. 11. Mixed-breed, intact male, adult –
Spine fracture between 5-6 thoracic vertebrae
CONCLUSIONS
The distribution of cases by sex revealed a higher
incidence in males (64.10%) compared to females
(35.90%), with the presence of a very low number of
spayed individuals (10.61%). The most frequently
affected breed was represented by the cross-breed in
97.43%. The seasonal distribution of cases showed an
increased percentage during spring (38.46%), followed by the summer season (25.64%). The adult
age category was the most affected, accounting for
approximately 61.53% of the total number of cats.

In all cases, hind limb fractures occurred along with
fractures of the pelvis. Fatal motor vehicle accidents in
cats result in polytrauma (61.53%), involving in most
cases head and neck region (53.84%), thorax (48.71
%) or abdomen and pelvic area (48.15%), and less
frequently the limbs (12.85%). The most frequent lesions of the abdominal cavity were the liver rupture
with subsequent hemoperitoneum. Hindlimb fractures
were produced along with pelvic fractures. Regarding
spinal fractures, they were located only in the thoracic
segment. Pulmonary lesions included contusions and
mid lobe ruptures, but also pneumohemothorax when
costal fractures were associated.
Head trauma was the most frequent fatal injury
and it was the result of one or more lesions such as
skull fractures, subarachnoid haemorrhages, meningeal ruptures, and even brain lacerations.
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