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ABSTRACT

To date, there is data paucity on canine vertebral fracture and luxation (VFL) in the
local setting. Therefore, it was hypothesized that the geographical location and stray dog
population would influence VFL cases in the University Veterinary Hospital, Universiti
Putra Malaysia (UVH, UPM). This study aimed to describe the incidence and characteristics
of VFL in dogs presented to UVH, UPM. Medical records, including radiographic images
of 74 dogs between 2015 to 2017, were reviewed. VFL dominated the spinal cord disease
in dogs at 49% (n = 36/74), exceeding intervertebral disc disease (IVDD) and acute non-
compressive nucleus pulposus extrusion (ANNPE). Half of VFL cases were contributed
by intact male, small breed dogs aged more than one-year-old, with 52% (n = 11/19) of
cases caused by vehicular accidents. Almost two-thirds (n = 21/36) of dogs with VFL
were outdoor or stray dogs, and the Th3-L3 region was the most susceptible (52%, n =

19/36) for VFL. More than 70% (n = 25/36)
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INTRODUCTION

Vertebral fracture and luxation (VFL) is a
common spinal cord disorder and constitutes
about 7% of all spinal diseases in dogs (Bali
et al., 2009). VFL may affect one or more
vertebrae with common lesions reported at
the dorsal spinous process, articular facets,
and vertebral body (Denny & Butterworth,
2000; Dyce et al., 2009). Vehicular accidents
and high-rise syndrome are major causes of
VFL in companion animals represented at
40% to 60% (Jeffery, 2010). Fifty per cent
(50%) of VFL cases in dogs occurred in the
thoracolumbar area (Bali et al., 2009; Jeffery,
2010). It is due to the rigid attachment of the
ribcage to the thoracic vertebrae through the
costovertebral joint with a well-muscled but
slightly mobile lumbar area, increasing the
region’s susceptibility towards VFL (Jeffery,
2010; Zotti et al., 2011). The clinical signs
of VFL vary according to the site of the
fracture and the degree of spinal cord
damage (Hawthorne et al., 1999; Jeffery,
2010). The absence of deep pain perception
always suggests a poor prognosis (Bali et
al., 2009; Hettlich, 2017; Olby et al., 2003).
Most patients are presented with acute and
non-progressive signs. However, they may
demonstrate progressive symptoms if the
fracture is unstable or there is the presence
of a haemorrhage (Jeffery, 2010).

The diagnosis of VFL can be achieved
by radiograph and/or computed tomography
(CT) scan. Plain radiography can detect
VFL, but computed tomography provides
superior three-dimensional images crucial
in surgical planning (Hettlich et al., 2010;
Lee & Thumbikat, 2015; Park et al., 2012).

Magnetic resonance imaging (MRI) is
preferred in assessing the intramedullary
lesion and soft tissue structures in the
adjacent area (da Costa & Samii, 2010;
Gallastegui et al., 2019). Surgical repair is
strongly recommended in patients with an
unstable fracture with severe spinal pain
and neurological dysfunction, although the
absence of deep pain sensation tremendously
affects the general prognosis (Gallastegui et
al., 2019; Jeffery, 2010). Patients with 100%
or more significant vertebral displacement
and absence of deep pain have no hope for
ambulation (Bagley, 2000; Olby, 2012;
Platt, 2008).

The number of studies on VFL in
companion animals is limited. The previous
reports are centred in the United States,
Canada, and European countries (Bali et al.,
2009; Bruce et al., 2008; Hawthorne et al.,
1999). However, no such report has been
established in Asian countries. Therefore,
this study aims to describe the incidence,
distribution, and clinical characteristics of
canine VFL in UVH, UPM.

MATERIALS AND METHODS

The medical records of dogs presented
with spinal cord cases in UVH, UPM
were reviewed between January 2015 and
December 2017. Basic signalment data
include age, breed, sex, body weight, and
management. Age was recorded in years
and categorised into young (< 1 year old),
adult (1-5 years old), and senior (> 5 years
old). While gender was classified into intact
male, castrated male, intact female, and
spayed female. The breeds were grouped
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into small (1kg to 10kg), medium (10kg
to 20kg), and large breed dogs (20kg to
50kg) (Shamir et al., 2002). The detail on
the management, such as indoor, outdoor
or stray, was also collected. Information on
localisation and severity was documented
based on neurological examination findings.
The lesions were classified according to
their location within the vertebral column
(C1-C5, C6-Th2, Th3-L3, L4-L7, and
S1-S3). Five-point grading system was
utilised for each case: I = pain only; Il =
proprioceptive deficits and/or ambulatory
para-/tetraparesis; III = non-ambulatory
para-/tetraparesis; [V = para-/tetraplegia; V
= para-/ tetraplegia with loss of deep pain
perception (Sharp & Wheeler, 2005). All
patients were offered routine diagnostics,
including haematology and biochemistry
analysis, survey radiography with and
without CT or MRIL

A three-compartment model was
used in this study to classify unstable
fractures (Kinns et al., 2006; Lanz, 2003).
The vertebra was divided into the dorsal,
middle, and ventral compartments. The
dorsal compartment comprises the articular
processes, laminae, pedicles, spinous
processes, and supporting muscles. The
middle compartment includes the dorsal
longitudinal ligaments, the dorsal aspect of
the intervertebral discs’ annulus fibrosus,
and the vertebral body’s dorsal part. The
ventral compartment comprises the vertebral
bodies, the lateral and ventral annulus
fibrosus, the nucleus pulposus, and the
ventral longitudinal ligaments. The fracture
is considered unstable if the lesion involves

more than one compartment of vertebrae.
For VFL cases, cerebrospinal fluid analysis
was not typically offered unless concurrent
spinal cord conditions were suspected. All
data recorded were obtained at the time
when the initial diagnosis was made. The
descriptive information was tabulated
and analysed using GraphPad Prism 7.0
(GraphPad Software, United States of
America).

RESULTS

A total of 122 spinal cord cases were
presented to UVH, UPM from January
2015 to December 2017 and 74 cases fit
the inclusion criteria. Among these cases,
49% (n = 36) was diagnosed with VFL
through radiographs, CT or MRI, while
other spinal cord disorders represented
51% of'the cases; intervertebral disc disease
(n = 32), acute non-compressive nucleus
pulposus extrusion (ANNPE) (n = 2), one
case each of fibrocartilaginous embolism,
spinal cord neoplasia, discospondylitis, and
subarachnoid diverticulum. Due to various
reasons, including inadequate history and
lack of diagnostic investigation, 48 cases
were excluded.

The distributions of VFL cases according
to the dog breed are presented in Table 1.
Most patients were from local breeds (n =
14/36), followed by four cases from Shih
Tzu and three cases from Poodle. Miniature
Pinscher, Spitz, Siberian Husky, and Terrier
dogs contributed eight cumulative VFL
cases. The rest of the VFL patients were from
various breeds, including Doberman, Chow
Chow, French Bulldog, German Shepherd
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Table 1

Breed distribution for vertebral fracture and luxation cases in UVH, UPM from January 2015 to December 2017

Breed No. of cases Percentage (%)
Local 14 38.9
Shih Tzu 4 11.1
Poodle 3 8.3
Miniature Pinscher 2 5.6
Spitz 2 5.6
Siberian Husky 2 5.6
Terrier 2 5.5
Doberman 1 2.8
Chow Chow 1 2.8
French Bulldog 1 2.8
German Shepherd Dog 1 2.8
Maltese 1 2.8
Pekingese 1 2.7
Pomeranian 1 2.7

Note. UVH = University Veterinary Hospital; UPM = Universiti Putra Malaysia

Dog, Maltese, Pekingese, and Pomeranian.
The demographic characteristics of VFL are
summarised in Table 2.

Most of the cases (n=21) involved small
dogs, whereas large dogs appeared to be the
least affected group (n = 4). The majority of
VFL cases were represented by senior (n =
17) and adult dogs (n = 15), and only four
cases were young dogs aged less than one
year old. Intact male dogs contributed to the
highest number of VFL at 64% (n = 23), with
two-thirds of the population coming from
small breed dogs (n = 14). Both neutered
female and male dogs were the least affected
group, and they contributed to five cases in
total. Furthermore, outdoor and stray dogs

646

had a higher proportion of VFL at 58%
compared to indoor dogs.

The number of VFL cases caused by
vehicular accidents was 19, followed by
10 cases of high-rise syndrome, and five
cases of dog bites (Figure 1). Stepping
accident and pathological fracture due to
underlying diseases contributed to two
cases overall. More than 50% (n = 19) of
the lesion occurred at the Th3-L3 vertebral
region (Figure 2), with the most susceptible
area found at the thoracolumbar junction
(Th10-L2). In terms of susceptibility, L4-
S1 (n = 8) and C1-C5 (n = 6) areas were
recorded as second and third, respectively,
after Th3-L3. A higher proportion (71%; n
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= 17) of fracture cases affected more than
one vertebral compartment with vertebral
body lesion recorded as the highest (Table
3). VFL patients were commonly presented
with grade 2 (n = 10, 28%) and grade 5 (n
=9, 25%) as shown in Table 4. All grade 5

Table 2

patients had lesions at Th3-L3 with eight
cases of unstable fracture. Among these
cases, four patients had abnormalities in
micturition.

Demographic characteristic of vertebral fracture cases presented in UVH from January 2015 to December 2017

Total Small dogs Medium dogs Large dogs
(<10 kg) (10-20 kg) (>21kg)

n=36 % n=21 % n=11 % n=4
Age (year/s old)
Young (< 1) 4 14.3 3 9.1 1 0
Adult (1-5) 15 38.1 8 54.5 25 1
Senior (> 5) 17 47.6 10 36.4 75 3
Sex
Intact male 23 66.6 14 63.6 7 50 2
Intact female 8 19.1 4 36.4 4 0
Neutered male 2 0 0 50 2
Neutered 14.3 3 0 0
female
Management
Indoor 15 61.9 13 9.1 1 25 1
Outdoor and 21 38.1 8 90.9 10 75 3
stray

Note. UVH = University Veterinary Hospital; n = Number of cases
Pertanika J. Trop. Agric. Sci. 44 (3): 643 - 653 (2021) 647
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Causes of vertebral fracture and luxation cases
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Figure 1. Causes of vertebral fracture and luxation cases recorded in UVH, UPM from 2015- 2017

Lesion localisation in VFL cases
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Figure 2. Localisation for vertebral fracture and luxation cases in UVH, UPM from 2015-2017

Note. VFL = Vertebral fracture and luxation; C = Cervical; Th = Thoracic; L = Lumbar; S = Sacrum; Cx =
coccygeal
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Table 3

Vertebral compartment involvement for fracture cases

Compartment affected (fracture cases only)

Percentage of cases (%)

Dorsal

Spinous process dorsal ligamentous structure,

2.78%

lamina, articular process, and pedicles

Middle

Dorsal longitudinal ligament, dorsal aspect

2.78%

of vertebral body and annulus fibrosus and

transverse processes

Ventral

Ventral aspect of vertebral body and annulus

13.89%

fibrosus, nucleus pulposus, and longitudinal

ligament

More than one compartment

70.83%

Table 4
Neurological deficits grading

Grading No. of cases Percentage of cases (%)
1 Pain with no neurological 6 16.67%
dysfunction
2 Proprioceptive deficit or 10 27.78%
ambulatory paresis or both
Non-ambulatory paresis 8 22.22%
4 Plegia 8.3%
Plegia with loss of voluntary 25%

urinary function and loss of deep
pain perception

DISCUSSION

In this study, VFL was recorded as the most
common spinal cord disease at 49%. This
finding is inconsistent with previous reports
where authors described IVDD as the most
familiar spinal cord disease in dogs (da
Costa & Samii, 2010; Denny & Butterworth,
2000). In two studies conducted in Canada
and Switzerland, VFL was recorded between
four to eight cases per year (Bali et al.,

2009; Bruce et al., 2008) compared to 12
cases reported per year in UVH, UPM. The
vast difference could be contributed by many
outdoor and stray dogs in the present study
area. The dogs admitted to UVH, UPM were
mostly local breed and stray dogs; hence,
it is expected to be overrepresented in this
study. Despite various breeds in the study,
the spinal anatomy between breed, size
or age are comparable (Bodh et al., 2016;
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Castafieda-Herrera et al., 2017); thus, it is
less likely to affect the nature of the lesion.
The extreme forces such as bending, torsion,
and shear exerted to the vertebrae also play
a significant role in VFL (Albernaz et al.,
2016; Park et al., 2012).

Small breed dogs with VFL are present
in a large proportion at 58%, and this finding
may suggest that these dogs are susceptible
to VFL. However, the data was mainly
collected in a single institution surrounded
by urban areas and could be overpopulated
by small breed dogs. Likewise, dogs in adult
and senior groups were prone to VFL in this
study, consistent with a few studies (Bali et
al., 2009; Bruce et al., 2008). Adult dogs
are very energetic and still at the stage of
exploring their surroundings (Hammerle et
al., 2015). Their reactions towards stimuli
are quicker than senior dogs. Therefore, it
is not a surprise if they are susceptible to
VFL. Senior dogs may have poor problem-
solving. Their reaction time against stimuli
may be slower than young dogs, making
them vulnerable to accidents (Hammerle
et al., 2015). In this study, puppies had the
lowest incidence of VFL as most of them
were confined in the house until they were
trained.

The numbers of intact male dogs with
VFL were higher compared to the neutered
male and female dogs. Intact male dogs
are aggressive, and their behaviours are
usually driven by testosterone (McGreevy
et al., 2018; Warnes, 2018). They are also
fearless (Warnes, 2018), which may explain
the high prevalence of VFL in this group.
Furthermore, outdoor and stray dogs were

prone to suffer from VFL as these dogs
spent most of their time outside without
supervision. Stray dogs contributed nine
cases, and they are always presented with
multiple injuries due to accidents, which
increased the incidence of VFL in the
outdoor group. More than 50% of VFL
cases were caused by vehicular accidents,
as previously reported in other studies (Bali
et al., 2009; Di Dona et al., 2016; Olby
et al., 2003). High-rise syndrome came
second after vehicular accidents, which
was most likely contributed by dogs living
in condominiums and apartments. Five
out of 36 VFL cases were caused by dog
bites, which is in line with previous studies
where dog bites were mentioned as one of
the causes of VFL, but no prevalence was
provided (Bali et al., 2009; McKee, 1990).
In this study, most VFL cases
concentrated at the Th3 to L3 region,
specifically at the thoracolumbar region
(Th10-L2). The thoracolumbar region is
recognised as the most mobile junction
between the constrictive thoracic part and
rigid lumbar part in any dog, making the
region more susceptible to VFL (Bali et al.,
2009; Jeffery, 2010). The cranial thoracic
is a very rigid part due to support from the
costochondral junction and ribcage (Jeffery,
2010), which might explain the lack of cases
affecting this area. The least affected site
was the sacrococcygeal region with three
cases only. The area is more associated
with cat VFL cases than dogs (Davies &
Walmsley, 2012; Jeffery, 2010). The cats’
small size causes them to be entrapped under
vehicles during an accident, thus increasing
the risk for tail traction instead of dogs.
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The results revealed that almost three-
quarters of fracture cases were classified
as unstable via radiographs. Among these
numbers, most of the cases were caused
by vehicular accidents, suggesting a high
association between vehicular accidents
and instability. In addition, classification
via radiographs may not be accurate as CT
diagnosis is known to be more sensitive
in determining the compartment involved,
fracture fragments within the vertebral
canal, subluxation, and vertebral canal
narrowing (Kinns et al., 2006).

Standard neurological grading for
thoracolumbar was used to classify the
severity in this study. Most VFL patients
were presented with grade 2 and grade 5 at
27% and 25%, respectively. Almost 90% of
grade 5 patients had fractures in more than
one compartment, suggesting that unstable
fracture is likely associated with lesion
severity. Furthermore, micturition problems
are commonly seen in patients with severe
grades (Bagley, 2000; Jeffery, 2010; Olby et
al., 2003), supported in this study. Patients
with urinary problems tend to have a poorer
prognosis. However, unfortunately, this
study lacks information to corroborate the
previous findings (Bagley, 2000; Jeffery,
2010; Olby et al., 2003). Most grade 5
patients were euthanised 24 to 48 hours
after losing deep pain perception (Bali et al.,
2009; Bruce et al., 2008; Duval et al., 1996).

CONCLUSION

In conclusion, VFL is the most common
cause of spinal cord disease in dogs presented
to UVH, UPM. A large population of local

and stray dogs contribute to VFL, with 50%
of lesions occurring at Th3-L3. Most of the
patients with unstable fractures suffer from
severe lesions that carried a poor prognosis.
The characterisation of VFL cases in this
study can assist in refining the medical and
surgical treatment to improve the clinical
outcome of VFL cases. However, this data
is still limited to a single institution, and the
present results should be applied cautiously
to other settings.
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