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Abstract
Background: Although thoracic vertebral malformations with kyphosis and scoliosis are often considered incidental
findings on diagnostic imaging studies of screw-tailed brachycephalic breeds, they have been suggested to interfere
with spinal biomechanics and intervertebral disc degeneration. It is however unknown if an abnormal spinal curvature
also predisposes dogs to develop clinically relevant intervertebral disc herniations. The aim of this study was to evaluate
if the occurrence of thoracic vertebral malformations, kyphosis or scoliosis would be associated with a higher prevalence
of cervical or thoracolumbar intervertebral disc extrusion in French bulldogs.
Results: French bulldogs that underwent computed tomography for reasons unrelated to spinal disease (n = 101), and
French bulldogs with thoracolumbar (n = 47) or cervical intervertebral disc extrusion (n = 30) that underwent magnetic
resonance imaging were included. There was a significant association between the presence of kyphosis and the
occurrence of intervertebral disc extrusion, particularly in the thoracolumbar region. Dogs with kyphosis were at nearly
a two times increased odds of being affected by intervertebral disc extrusion than those without kyphosis [(OR = 1.98
(95% CI: 1.04–3.78)]. There was also an association between the presence of scoliosis and the anatomical distribution of
intervertebral disc extrusions, with dogs with scoliosis more likely to have more caudal lumbar intervertebral disc extrusions.
Presence of scoliosis was not associated with an increased odds of being affected by intervertebral disc extrusion.
Conclusions: Although thoracic vertebral malformations with kyphosis only rarely cause spinal cord dysfunction in itself,
French bulldogs with kyphosis appear to be at higher risk to develop thoracolumbar intervertebral disc extrusion.
Keywords: Vertebral malformation, Hemivertebra, Intervertebral disc disease, Intervertebral disc herniation, Brachycephalic

Background
Thoracic congenital vertebral body malformations,
including hemivertebra with kyphosis and scoliosis are
frequently encountered in brachycephalic screw-tailed
dogs, such as the French bulldog (FB) [1–10]. The
pathophysiological mechanism resulting in development
of clinical signs is considered multifactorial with
vertebral misalignment, instability and vertebral stenosis
considered important factors [1, 3, 11]. This condition is
however most often identified as an incidental
radiological finding and 78% up to 93% of neurologically
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normal FBs will demonstrate evidence of congenital
vertebral body malformations with or without spinal
kyphosis on diagnostic imaging studies of the vertebral
column [3, 12, 13]. Recent studies have suggested that
the severity of eventually present spinal kyphosis should
be considered a critical factor in the development of
spinal cord dysfunction [3, 7, 9]. Although thoracic
vertebral body malformations with kyphosis is only
rarely considered the primary cause of clinical signs, it
has been suggested these malformations can be associated with alterations in spinal biomechanics [1, 3, 6, 7].
Changes in biomechanical properties can be associated
with secondary degenerative changes of the vertebral
column [6, 14, 15]. Thoracic vertebral body malformations with kyphosis have been associated with
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subsequent early degeneration of adjacent intervertebral
discs and altered distribution of intervertebral disc extrusions (IVDEs), along the vertebral column in FB [5].
It is currently however unclear if the presence of congenital thoracic vertebral body malformations with kyphosis or scoliosis also increases the actual risk of
suffering from cervical or thoracolumbar IVDE. The aim
of this retrospective observational study was therefore to
investigate the relationship between congenital thoracic
vertebral body malformations, kyphosis, and scoliosis
and the occurrence of cervical and thoracolumbar IVDE
in FBs. It was hypothesized that FBs with kyphosis or
scoliosis would have an increased risk to develop IVDE,
would have a different anatomical distribution of IVDE
along the vertebral column and would develop IVDE at
a younger age when compared with those without spinal
curvature abnormalities.

Methods
Case selection

The digital medical database of the Small Animal Referral
Hospital, Royal Veterinary College was retrospectively
reviewed from November 2010 to September 2016 to identify (1) a group of FBs with thoracolumbar or cervical
IVDE (Hansen type I intervertebral disc disease) diagnosed
by magnetic resonance imaging (MRI) [16, 17] and (2) a
control group of FBs that underwent computed tomography (CT) of the thoracic vertebral column for reasons
unrelated to spinal disease. For all dogs, the imaging studies and complete medical records had to be available for
review. To be included in the first group, dogs had to have
clinical signs and imaging findings compatible with IVDE.
Dogs were excluded if the medical records or imaging
studies were unavailable, if imaging studies did not include
the complete thoracic vertebral column, or if any other
orthopaedic or spinal disorder was detected. To be included in the second group, dogs had to be free of obvious
clinical signs related to spinal or orthopaedic disease. Information retrieved from the medical records included age,
gender, neutering status, clinical signs, reason for undergoing MRI or CT, final diagnosis, and initiated treatment.
Imaging

For the group of FBs with intervertebral disc disease,
thoracolumbar or cervical IVDE was diagnosed by highfield MRI under general anesthesia (1.5 T scanner; Intera;
Philips Medical Systems) and included a minimum of T2weighted (repetition time (ms) (TR)/echo time (ms) (TE);
3333/110) and T1-weighted (TR/TE, 515/15) sagittal and
transverse images. Slice thickness for sagittal and transverse images were respectively 1.75 and 2.5 mm with an
interslice gap of 0.3 mm in both planes. Magnetic resonance imaging included the entire thoracic vertebral column, regardless of location of IVDE.
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The affected intervertebral disc space, occurrence
(present or absent), number and anatomical location of
thoracic vertebral body malformations, occurrence of
spinal kyphosis, and scoliosis were recorded for each
case. Occurrence of vertebral malformations, kyphosis
and scoliosis was not recorded for the cervical vertebral
column. Presence and location of IVDE was assessed
on T2-weighted sagittal images, while presence, number, and location of hemivertebra and presence of kyphosis were evaluated on sagittal T1-weighted images.
A thoracic vertebral body malformation was defined as
any defect in vertebral body formation as outlined previously [4]. For the purpose of this study, kyphosis was
defined as a dorsal spinal curvature with a Cobb angle
exceeding 10 degrees. The Cobb angle was measured
automatically using a commercial plug-in device as described previously [9]. When multiple hemivertebrae
were present, the vertebral segment with the greatest
degree of spinal angulation was chosen. Because the
anatomy of the canine vertebral column is normally not
characterised by any deviation in the lateral plane, presence of scoliosis was subjectively evaluated and defined
as any lateral vertebral angulation on dorsal plane MRI
sequences, survey ventrodorsal or dorsoventral radiographs or dorsally or 3D reconstructed CT images
when available.
For the group of FBs without spinal disease, CT imaging was performed under sedation or general
anesthesia for a variety of clinical indications. A 16slice helical CT scanner, was used in all cases (PQ 500,
Universal Systems, Solon, Ohio or Light Speed series,
GE Healthcare, Milwaukee). The CT settings for image
acquisition were: helical mode, 1–2 mm slice thickness,
−1 interval between slices, 140 kVp, 120 mA, 110 mm
acquisition field of view, bone and soft tissue reconstruction algorithms, 512 × 512 matrix. After completion of the axial CT study, sagittal, transversal and 3D
surface reconstructions were made. Computed tomography included the entire vertebral column, regardless
of the reason for clinical presentation. Occurrence,
number, and location of thoracic vertebral body malformations, occurrence of spinal kyphosis and scoliosis
were recorded as outlined above. Sagittal and 3D surface reconstructions were used for assessment of thoracic vertebral body malformations and spinal kyphosis.
Dorsal reconstructions and 3D surface reconstruction
were used for assessment of spinal scoliosis. Standard
image archiving and communication system software
(Osirix Foundation, V.5.5.2 Geneva, Switzerland) was
used to review all cases. All imaging studies were
reviewed independently by 2 observers (CI and SDD),
after which a consensus agreement was reached for discordant cases. Cases for which no consensus agreement
could be reached were excluded from further analysis.
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Statistical analysis

Included animals

Statistical analysis of the data was performed in SPSS
version 22. Pearson’s chi-squared analysis (X2) was
used to detect univariate associations between the
presence (1/0) of kyphosis, scoliosis or thoracic vertebral body malformations and the presence of cervical
or thoracolumbar IVDE as two separate analyses. In
the group of dogs diagnosed with thoracolumbar (n =
47) or cervical (n = 30) IVDE, t-tests were used to
identify differences in the age of presentation with
IVDE between dogs with and without spinal deformities (kyphosis, scoliosis). In addition, Pearson’s chisquared analysis was used to identify associations between the presence of spinal deformities and the anatomical distribution of cervical and thoracolumbar
IVDE. Finally, all IVDE cases (cervical and thoracolumbar) were combined (n = 77) and compared with
controls, with Pearson’s chi-squared analysis used to
detect associations between spinal deformities and
IVDE presence, and t-tests used to detect differences
in age between case and control dogs. Any factors
found to have liberal associations with IVDE at the
univariate level (p < 0.2) were taken forward into a
multivariable binary logistic regression, using manual
backwards stepwise elimination. Histograms were used
to visually inspect the distribution of variables for
normality, with normally distributed data presented as
mean ± SD. All tests were used two-sided with P <
0.05 being considered statistically significant.

Forty-seven dogs had thoracolumbar IVDE. This group included 31 males (23 neutered) and 16 females (11 neutered), between 1.6 and 6.6 years old (mean, 3.6 years).
Presenting clinical signs included spinal hyperaesthesia
without neurological deficits (n = 1 dog), ambulatory paraparesis with ataxia of the pelvic limbs (n = 17 dogs), nonambulatory paraparesis (n = 17 dogs), paraplegia with intact nociception (n = 11) and paraplegia with absent nociception (n = 1 dog). The most common affected
intervertebral disc spaces were T13-L1 and L2-L3 (n = 10
dogs for both), followed by L1-L2, L4-L5 (n = 7 dogs for
both), L3-L4 (n = 6 dogs), T12- T13 (n = 4 dogs), T10-T11,
L5-L6, and L6-L7 (n = one for each). Forty-four dogs
(93.6%) in this group had one (n = 10 dogs) or more (n =
34 dogs) thoracic vertebral body malformations with 27
dogs (57.4%) demonstrating spinal kyphosis and 13
(27.7%) demonstrating spinal scoliosis. None of the IVDEs
were located within the kyphotic or scoliotic vertebral segment. The Cobb angle for kyphosis ranged from 1 to 47.9
degrees (median 21.8 degrees) in this group of dogs.
Thirty dogs were diagnosed with cervical IVDE. This
group included 21 males (11 neutered) and 9 females (7
neutered), between 1.4 and 6.9 years old (mean,
3.4 years). Presenting clinical signs included cervical
hyperaesthesia without neurological deficits (n = 16
dogs), ambulatory tetraparesis with ataxia affecting all
limbs (n = 12) and non-ambulatory tetraparesis (n = 2
dogs). The most common affected intervertebral disc
spaces were C3-C4 (n = 16 dogs), followed by C2-C3 (n
= 6 dogs), C4-C5 (n = 5 dogs), and C5-C6 (n = 3 dogs).
Twenty-four dogs (80%) in this group had one (n = 5
dogs) or more (n = 19 dogs) thoracic vertebral body malformation with 14 dogs (47%) demonstrating spinal kyphosis and 6 (20%) demonstrating spinal scoliosis. The
Cobb angle for kyphosis ranged from 0.6 to 67 degrees
(median 9.9 degrees) in this group of dogs. In 12 of these

Results
This study included a group of 178 FB’s, which consisted of 47 dogs with thoracolumbar IVDE, 30 with
cervical IVDE and 101 FB’s underwent CT imaging
for reasons unrelated to spinal disease (Table 1 and
Additional file 1).

Table 1 Signalment and imaging findings in 178 French bulldogs with thoracolumbar IVDE (n = 47), cervical IVDE (n = 30)
or without IVDE (n = 101)
Variable

French bulldogs with
thoracolumbar IVDE
(n = 47)

French bulldogs
with cervical IVDE
(n = 30)

French bulldogs
without IVDE
(n = 101)

Risk factor for thoracolumbar
or cervical IVDE?

Male (%)

31 (66)

21 (70)

76 (75.2)

N/A

Female (%)

16 (34)

9 (30)

25 (24.8)

N/A

Mean age in years
(range)

3.6 (1.6–6.6)

3.4 (1.4–6.9)

2.25 (0.33–10.2)

Yes (p < 0.001; OR 1.03)

Thoracic vertebral
malformation (%)

44 (93.6)

24 (80)

90 (89)

No

Scoliosis (%)

13 (27.7)

6 (20)

21 (20.8)

No

Kyphosis (%)

27 (57.4)

14 (47)

33 (33)

Yes (p = 0.038; OR 1.98)

Median Cobb angle for kyphosis (range)

21.8 (1–47.9)

9.9 (0.6–67)

9.1 (0.2–72)

N/A

IVDE Intervertebral disc extrusion
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dogs, orthogonal thoracic radiographs, including the
complete thoracic vertebral column were additionally
available for review.
One hundred and one dogs underwent a CT study,
which included the thoracic vertebral column, for reasons
unrelated to spinal disease. This group included 76 males
(26 neutered) and 25 females (7 neutered), between
4 months and 10.2 years old (mean, 2.25 years). Reasons
for undergoing CT imaging included brachycephalic
obstructive airway syndrome (n = 88 dogs), neoplastic disease (n = 6 dogs), cardiac disease (n = 5 dogs) and gastrointestinal disease (n = 2 dogs). All animals were free of apparent neurological signs. Ninety dogs (89%) in this group
had one (n = 20 dogs) or more (n = 70 dogs) thoracic vertebral body malformations with 33 dogs (33%) demonstrating spinal kyphosis and 21 (20.8%) demonstrating spinal
scoliosis. The Cobb angle for kyphosis ranged from 0.2 to
72 degrees (median 9.1 degrees) in this group of dogs.
Influence of kyphosis, scoliosis and age on intervertebral
disc extrusion

Compared to the control group of FBs that underwent
CT for reasons unrelated to spinal disease, there was an
association between the presence of kyphosis and IVDE
overall (cervical and thoracolumbar IVDE combined; X2
= 7.61, p = 0.006). Dogs with kyphosis were more likely
to be affected by cervical or thoracolumbar IVDE. Binary
logistic regression revealed that dogs with kyphosis were
at nearly a two times increased odds of being affected by
IVDE overall than those without kyphosis [OR = 1.98
(95% CI: 1.04–3.78), df = 1, p = 0.038]. There was no
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significant association between the presence of IVDE
overall and the presence of scoliosis (p = 0.539) or thoracic vertebral body malformations (p = 0.867).
When looking exclusively at FBs with thoracolumbar
IVDE, there was an association between the presence of
kyphosis and presence of thoracolumbar IVDE (X2 = 8.17,
p = 0.004) with kyphosis significantly more often observed
in FBs with thoracolumbar IVDE compared to FBs that
underwent CT imaging for reasons unrelated to spinal
disease. There was no association between presence of
thoracolumbar IVDE and the presence of scoliosis (X2 =
0.855, p = 0.355) or thoracic vertebral body malformations
(X2 = 2.06, p = 0.151). For FBs diagnosed with thoracolumbar IVDE, there was no significant association between
the presence of kyphosis (t = 1.03, p = 0.311) or scoliosis
(t = −0.48, p = 0.633) and the age of development of IVDE.
For FBs diagnosed with thoracolumbar IVDE, there was
no significant influence of kyphosis on the anatomical distribution of IVDE along the vertebral column (X2 = 10.51,
p = 0.231). There was however a significant association between the presence of scoliosis and anatomical distribution of thoracolumbar IVDE, with the caudal lumbar
intervertebral disc spaces more likely affected in FBs with
scoliosis (X2 = 15.78, p = 0.046) (Fig. 1).
When looking exclusively at FBs with cervical IVDE,
there was no association between the presence of kyphosis (X2 = 1.969, p = 0.161), scoliosis (X2 = 0.009, p =
0.925), or thoracic vertebral body malformation (X2 =
1.699, p = 0.192) and presence of cervical IVDE. For FBs
diagnosed with cervical IVDE, there was no significant
association between the presence of kyphosis (t = 1.258,

Fig. 1 Distribution of intervertebral disc extrusions (IVDE) along the vertebral column in 47 French bulldogs with thoracolumbar IVDE. Compared
to French bulldogs without scoliosis, those with scoliosis have a significantly different anatomical distribution of IVDE with the caudal lumbar disc
spaces significantly more often affected
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p = 0.219) or scoliosis (t = −0.49, p = 0.629) and the age
of development of IVDE. There was also no significant
influence of kyphosis (X2 = 0.402, p = 0.940) or scoliosis
(X2 = 3.307, p = 0.347) on the anatomical distribution of
IVDE along the cervical vertebral column.
Compared to the control group of FBs that underwent
CT for reasons unrelated to spinal disease, dogs with
cervical or thoracolumbar IVDE were significantly older
(dogs with IVDE: mean ± SD = 42.36 months ±15.61, n =
77 vs. unaffected: mean ± SD = 26.96 months ±25.45, n =
101, p < 0.001). Binary logistic regression revealed that
older dogs were more likely to be affected by cervical or
thoracolumbar IVDE. Every increase in age by 1 month
was associated with an odds ratio of 1.03 to be affected
by cervical or thoracolumbar IVDE [OR = 1.03 (95% CI:
0.02–1.05), df = 1, p < 0.001].

Discussion
This study evaluated the association between the presence
of congenital thoracic vertebral body malformations, spinal
kyphosis, spinal scoliosis and the development of clinically
relevant cervical and thoracolumbar IVDE in FBs. Although an association between spinal kyphosis and adjacent
intervertebral disc degeneration has been demonstrated
previously [5], the results of this study suggest that spinal
kyphosis should also be considered an independent risk
factor for development of clinically relevant thoracolumbar
IVDE. In agreement with previous findings, higher age was
also demonstrated to be an independent risk factor for cervical or thoracolumbar IVDE [18]. Although IVDE is commonly encountered in FBs [6], dogs with kyphosis were at
nearly twice the odds of being affected by IVDE than those
without kyphosis. Additionally, our results support previous
observations [6] that spinal curvature abnormalities can result in a different anatomical distribution of thoracolumbar
IVDE in FBs and that disc extrusions do not usually occur
in the kyphotic vertebral segments.
A short and screw-shaped tail is commonly encountered
in FBs. Active breeding towards this desirable phenotypic
trait is however associated with an increased number and
more severe grade of thoracic hemivertebrae [10]. In
agreement with previous studies [3, 4, 9, 12, 13], congenital thoracic vertebral body malformations were observed
in the vast majority of neurologically normal FBs. In approximately one third of neurologically normal FBs vertebral body malformations were associated with spinal
kyphosis. Although these anomalies will only rarely result
in spinal cord dysfunction in itself [3, 13], the results of
this study suggest that spinal kyphosis can potentially be
associated with a higher risk of other spinal problems. The
significantly higher number of kyphosis diagnosed in FBs
with thoracolumbar IVDE, compared to those without
IVDE, suggests at least an indirect link between kyphosis
and the development of intervertebral disc disease.
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The aetiology of canine intervertebral disc disease is
considered multifactorial with genetic, biomechanical and
anatomical factors involved [19]. Several studies have suggested an important role of genetic factors with a strong
association between chondrodystrophy and canine intervertebral disc disease [20–22]. Chondrodystrophy is characterised by disturbed endochondral ossification, resulting
in dogs with disproportionally short limbs and relative
long spines [19, 23]. Although there are currently no strict
criteria available to define a breed as chondrodystrophic
[24], FBs are considered chondrodystrophic by some authors [5, 6, 12, 24], while they are not considered chondrodystrophic by others [20]. It is therefore possible that the
high prevalence of IVDE in FBs can, at least in part, be explained by their chondrodystrophic or chondrodysplastic
phenotype. Heritability of spinal curvature abnormalities
and a genetic relationship between spinal curvature and
other spinal conditions, including intervertebral disc degeneration, has been considered and evaluated in people
[25, 26]. Although the occurrence of hemivertebra is considered heritable in FBs [10], it is currently unclear if a
genetic relationship between spinal kyphosis and intervertebral disc degeneration exists in this specific breed. It
should further be noted that thoracic vertebral malformations and spinal curvature abnormalities occur also in
other brachycephalic ‘screw-tailed’ breeds, such as Pugs
and English bulldogs [2, 4, 13]. While the French bulldog
is listed among the most common breeds affected by IVDE
[6, 24], this is not the case for Pugs and English bulldogs.
This suggests that the occurrence of spinal curvature abnormalities cannot solely explain the high prevalence of
IVDE in French bulldogs and should rather be considered
an additional risk factor for development of this disorder.
Spinal curvature abnormalities have been suggested to
result in vertebral instability and altered biomechanical
loading of the vertebral column [3, 6]. Both biomechanical
overloading and immobilisation have the potential to result
in accelerated intervertebral disc degeneration [14].
Changes in the local mechanical environment and nutritional supply have been suggested to cause early intervertebral disc degeneration in the affected vertebral segments of
dogs with kyphosis and people with scoliosis [5, 14]. In
agreement with the findings of Aikawa [6], IVDE did not
occur in the thoracic kyphotic vertebral segments, but in
the more caudal thoracolumbar and lumbar intervertebral
disc spaces. Because of the stabilising and protective effects
of the intercapital ligament, herniation of the intervertebral
discs cranial to T10 should however be considered rare in
dogs overall [24]. Kyphotic vertebral segments have however been suggested to result in altered biomechanical
stress over the entire vertebral column [6] and it can therefore be assumed that thoracic kyphosis is associated with
abnormal biomechanical loading of the more distant thoracolumbar and lumbar intervertebral discs. Similarly, people
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with thoracic scoliosis, the most common spinal curvature
abnormality in humans, demonstrate altered biomechanics
of the lower lumbar spine [27] and are at higher risk of recurrence of symptoms after caudal lumbar disc surgery
[28]. In the study presented here, FBs with scoliosis had a
different anatomical distribution of thoracolumbar IVDE
along the vertebral column. More specifically, dogs with
scoliosis had IVDE affecting the caudal lumbar disc spaces
more often, compared to FBs without scoliosis (Fig. 1). Although this finding supports the hypothesis that kyphosis
and scoliosis are associated with altered biomechanical
loading along the entire vertebral column, further studies
are necessary to objectively evaluate the biomechanical
consequences of spinal curvature abnormalities in dogs.
Considering the factors above, it is possible that
FBs are at risk of thoracolumbar IVDE because of
genetic factors and that biomechanical factors associated with spinal kyphosis should be considered an
additional risk factor for developing thoracolumbar
IVDE.
Although development of clinical signs as a direct consequence of thoracic vertebral body malformations is
considered multifactorial, the degree of spinal kyphosis
has been suggested to be a key factor. Cobb angles exceeding 35 degrees have been associated with a high
probability of developing neurological deficits [9]. Several neurologically normal FBs and FBs with thoracolumbar or cervical IVDE displayed kyphosis with Cobb
angles exceeding 35 degrees (up to 72 degrees). Although it cannot be excluded that these dogs demonstrated subtle gait abnormalities as a consequence of
their kyphosis, this was never appreciated by their
owners or observed by the responsible clinicians. This
finding also illustrates that the presence of severe kyphosis is not necessarily associated with obvious signs of
spinal cord dysfunction and that even in dogs with
radiographic evidence of severe spinal curvature abnormalities considerations should be given to other causes
of spinal cord dysfunction. Although it can be hypothesized that higher degrees of spinal kyphosis can be associated with more pronounced alterations in vertebral
biomechanical loading, further studies are necessary to
evaluate if a higher degree of kyphosis is indeed associated with a higher risk of developing thoracolumbar
IVDE.
This study is limited by several factors. Although the
group of control dogs did not have any reported or observed gait abnormalities, the majority of these dogs
did not receive a complete neurological examination. It
can therefore not be excluded that some dogs could
have demonstrated subtle gait abnormalities associated
with a thoracic vertebral body malformation or kyphosis. Similarly, although the clinical presentation of
FBs with IVDE was always compatible with the imaging
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findings of thoracolumbar or cervical IVDE, it cannot
be excluded that these dogs demonstrated pre-existing
subtle gait abnormalities associated with their vertebral
anomalies. Further, it cannot be excluded that some
dogs that underwent CT for reasons unrelated to spinal
disease would have developed cervical or thoracolumbar IVDE later in life. This is especially true because
French bulldogs in the control population were significantly younger than the dogs affected by IVDE. Binary
logistic regression however indicated that higher age
and occurrence of spinal kyphosis should both be considered independent and non-related risk factors for occurrence of IVDE in FBs. It can also not be excluded
that some dogs would have developed more severe degrees of kyphosis later in life [29, 30]. Control dogs
underwent CT, while dogs with IVDE underwent MRI
as the most appropriate diagnostic technique for their
respective disorders. Although easy to recognise and
well-defined diagnostic criteria were used to recognise
thoracic vertebral body malformations, spinal kyphosis
and spinal scoliosis, little is known on how both imaging modalities compare for these specific purposes.
Several studies in human medicine have compared radiography vs. CT [31, 32] and radiography vs. MRI [33,
34] to evaluate and quantify spinal curvature abnormalities, while only a few studies have compared all three
imaging techniques for this purpose [35, 36]. The results of these studies indicate that CT and MRI can be
used to evaluate and quantify spinal curvature abnormalities with a good reliability, correlation and agreement among the three imaging techniques. Because
dogs with IVDE underwent MRI and control dogs
underwent CT, reviewers were not blinded to the clinical status of each dog. Although images were reviewed
independently by two observers after which a consensus opinion was reached, it cannot be excluded that this
has influenced image interpretation. Finally, the
complete vertebral column was not included in most
MRI studies and CT studies. It can therefore not be excluded that radiographic signs of IVDE could have been
present, even in the absence of obvious clinical signs.

Conclusion
Although thoracic hemivertebra with kyphosis does
only rarely cause spinal cord dysfunction in itself, FBs
with kyphosis appear to be at higher risk of developing IVDE overall and thoracolumbar IVDE in particular. Spinal scoliosis is further associated with an
altered anatomical distribution of IVDE, with FBs
with scoliosis suffering more likely from caudal lumbar IVDE. Further studies are necessary to objectively
evaluate the biomechanical consequences of spinal
kyphosis and scoliosis in dogs.
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Additional file
Additional file 1: Demographic data, presence of intervertebral disc
extrusion, hemivertebra, kyphosis, scoliosis and Cobb angle of 178 French
bulldogs with our without intervertebral disc extrusion. (XLSX 16 kb)

Page 7 of 8

4.

5.

Abbreviations
CT: Computed tomography; FB: French Bulldog; IVDE: Intervertebral disc
extrusion; MRI: Magnetic resonance imaging

6.

Acknowledgements
None

7.

Funding
No funding of any sort was received to carry out this study.
Availability of data and materials
All data generated or analysed during this study are included in this
published article and its supplementary information files.

8.
9.

10.
Authors’ contributions
MCIdS, GTH, HAV and SDD conceived the study and participated in its
design and coordination. MCIdS and SDD wrote the final version of the
manuscript. MCIdS, RR, and SDD collected data. RMAP performed statistical
analysis. MCIdS, SDD interpreted the data. All authors have read and
approved the final manuscript.

11.

12.
13.

Ethics approval and consent to participate
This study was carried out in accordance with the Royal Veterinary College’s
Ethics and Welfare Committee guidelines. Because all imaging studies were
performed for clinically diagnostic purposes, no specific Ethical and Welfare
Committee approval was necessary. For all included dogs, written informed
owner consent was obtained giving permission for diagnostic procedures
and use of the obtained data for research purposes.

14.
15.
16.

Consent for publication
Not applicable
17.
Competing interests
The corresponding author of this manuscript (SDD) is Associate Editor for
BMC Veterinary Research. One of the authors of this manuscript (HAV) is
Section Editor for BMC Veterinary Research. The authors declare to have no
financial or non-financial competing interests

18.

19.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.
20.
Author details
1
Department of Surgery, University of São Paulo-School of Veterinary
Medicine and Animal Science, Av. Prof. Dr. Orlando Marques de Paiva, 87,
São Paulo, Cidade Universitária, Brazil. 2Department of Clinical Science and
Services, Royal Veterinary College, University of London, Hawkshead lane,
AL9 7TA North Mymms, Hatfield, UK.

21.

22.

Received: 30 January 2017 Accepted: 8 December 2017
23.
References
1. Aikawa T, Kanazono S, Yoshigae Y, Sharp NJ, Muñana KR. Vertebral
stabilization using positively threaded profile pins and
polymethylmethacrylate, with or without laminectomy, for spinal canal
stenosis and vertebral instability caused by congenital thoracic vertebral
anomalies. Vet Surg. 2007;36(5):432–41.
2. Westworth DR, Sturges BK. Congenital spinal malformations in small
animals. Vet Clin North Am Small Anim Pract. 2010;40(5):951–81.
3. Moissonnier P, Gossot P, Scotti S. Thoracic kyphosis associated with
hemivertebra. Vet Surg. 2011;40(8):1029–32.

24.
25.

26.

Gutierrez-Quintana R, Guevar J, Stalin C, Faller K, Yeamans C, Penderis J. A
proposed radiographic classification scheme for congenital thoracic
vertebral malformations in brachycephalic “screw-tailed” dog breeds. Vet
Radiol Ultrasound. 2014;55(6):585–91.
Faller K, Penderis J, Stalin C, Guevar J, Yeamans C, Gutierrez-Quintana R. The
effect of kyphoscoliosis on intervertebral disc degeneration in dogs. Vet J.
2014;200(3):449–51.
Aikawa T, Shibata M, Asano M, Hara Y, Tagawa M, Orima H. A comparison of
thoracolumbar intervertebral disc extrusion in French bulldogs and
dachshunds and association with congenital vertebral anomalies. Vet Surg.
2014;43(3):301–7.
Charalambous M, Jeffery ND, Smith PM, Goncalves R, Barker A, Hayes G, Ives
E, Vanhaesebrouck AE. Surgical treatment of dorsal hemivertebrae
associated with kyphosis by spinal segmental stabilisation, with or without
decompression. Vet J. 2014;202(2):267–73.
Jeffery ND, Smith PM, Talbot CE. Imaging findings and surgical treatment of
hemivertebrae in three dogs. J Am Vet Med Assoc. 2007;15230(4):532–6.
Guevar J, Penderis J, Faller K, Yeamans C, Stalin C, Gutierrez-Quintana R.
Computer-assisted radiographic calculation of spinal curvature in
Brachycephalic “screw-tailed” dog breeds with congenital thoracic vertebral
malformations: reliability and clinical evaluation. PLoS One. 2014;9(9):e106957.
Schlensker E, Dislt O. Heritability of hemivertebrae in the French bulldog
using an animal threshold model. Vet J. 2016;207:188–9.
Dewey CW, Davies E, Bouma JL. Kyphosis and kyphoscoliosis associated
with congenital malformations of the thoracic vertebral bodies in dogs. Vet
Clin North Am Small Anim Pract. 2016;46(2):295–306.
Schlensker E, Dislt O. Prevalence, grading and genetics of hemivertebrae in
dogs. Eur J Comp Anim Pract. 2013;23:119–23.
Ryan R, Gutierrez-Quintana R, ter Haar G, De Decker S. Prevalence of thoracic
vertebral malformations in French bulldogs, pugs and English bulldogs with
and without associated neurological deficits. Vet J. 2017; (In Press)
Stokes IA, Iatridis JC. Mechanical conditions that accelerate intervertebral disc
degeneration: overload versus immobilization. Spine. 2004;29(23):2724–32.
Decker SD, Volk HA. Dorsal vertebral column abnormalities in dogs with
disseminated idiopathic skeletal hyperostosis (DISH). Vet Rec. 2014;174(25):632.
Gomes SA, Volk HA, Packer RM, Kenny PJ, Beltran E, De Decker S. Clinical
and magnetic resonance imaging characteristics of thoracolumbar
intervertebral disk extrusions and protrusions in large breed dogs. Vet
Radiol Ultrasound. 2016;57:417–26.
De Decker S, Gomes SA, Packer RM, Kenny PJ, Beltran E, Parzefall B, et al.
Evaluation of magnetic resonance imaging guidelines for differentiation
between thoracolumbar intervertebral disk extrusions and intervertebral
disk protrusions in dogs. Vet Radiol Ultrasound. 2016;57:526–33.
Bergknut N, Egenvall A, Hagman R, Gustås P, Hazewinkel HA, Meij BP.
Incidence of intervertebral disk degeneration-related diseases and
associated mortality rates in dogs. J Am Vet Med Assoc. 2012;240:1300–9.
Smolders LA, Bergknut N, Grinwis GC, Hagman R, Lagerstedt AS, Hazewinkel
HA, Tryfonidou MA, Meij BP. Intervertebral disc degeneration in the dog.
Part 2: chondrodystrophic and non-chondrodystrophic breeds. Vet J. 2013;
195:292–9.
Parker HG, Von Holdt BM, Quignon P, et al. An expressed fgf4 retrogene is
associated with breed-defining chondrodysplasia in domestic dogs. Science.
2009;325:995–8.
Mogensen MS, Karlskov-Mortensen P, Proschowsky HF, et al. Genome-wide
association study in dachshund: identification of a major locus affecting
intervertebral disc calcification. J Hered. 2011;102(Suppl 1):81–6.
Mogensen MS, Scheibye-Alsing K, Karlskov-Mortensen P, et al. Validation of
genome wide intervertebral disk calcification associations in dachshund and
further investigation of the chromosome 12 susceptibility locus. Front
Genet. 2012;3:225.
Packer RM, Hendricks A, Volk HA, Shihab NK, Burn CC. How long and low
can you go? Effect of conformation on the risk of thoracolumbar
intervertebral disc extrusion in domestic dogs. PLoS One. 2013;8:e69650.
Brisson BA. Intervertebral disc disease in dogs. Vet Clin North Am Small
Anim Pract. 2010;40:829–54.
Stone MA, Osei-Bordom DC, Inman RD, Sammon C, Wolber LE, Williams FM.
Heritability of spinal curvature and its relationship to disc degeneration and
bone mineral density in female adult twins. Eur Spine J. 2015;24:2387–94.
Yau MS, Demissie S, Zhou Y, Anderson DE, Lorbergs AL, Kiel DP, et al.
Heritability of thoracic spine curvature and genetic correlations with other
spine traits: the Framingham study. J Bone Miner Res. 2016;31:2077–84.

Inglez de Souza et al. BMC Veterinary Research (2018) 14:5

Page 8 of 8

27. Hristova GI, Jarzem P, Ouellet JA, Roughley PJ, Epure LM, Antoniou J, et al.
Calcification in human intervertebral disc degeneration and scoliosis. J
Orthop Res. 2011;29:1888–95.
28. Chang HK, Chang HC, Wu JC, Tu TH, Fay LY, Chang PY, et al. Scoliosis may
increase the risk of recurrence of lumbar disc herniation after
microdiscectomy. J Neurosurg Spine. 2016;24:586–91.
29. De Rycke LM, Crijns C, Chiers K, van Bree HJJ, Gielen I. Late onset
wedge-shaped thoracic vertebra in a six-month-old pug. Vet Rec Case
Rep. 2016;4:e000317.
30. Wyatt S, Gonçalves R, Gutierrez-Quintana R, De Decker S. Results of
non-surgical treatment for congenital vertebral body malformations: 13
dogs (2009 – 2016). J Am Vet Med Assoc. 2017; In Press
31. Epstein O, Ludwig S, Gelb D, Poelstra K, O’Brien J. Comparison of computed
tomography and plain radiography in assessing traumatic spinal deformity.
J Spinal Disord Tech. 2009;22:197–201.
32. Abdel MP, Bodemer WS, Anderson PA. Supine thoracolumbar sagittal spine
alignment: comparing computerized tomography and plain radiographs.
Spine. 2012;37:340–5.
33. Bernstein P, Hentschel S, Platzek I, Zwingenberger S, Weigel S, Hühne S,
et al. The assessment of the postoperative spinal alignment: MRI adds up
on accuracy. Eur Spine J. 2012;21:733–8.
34. Wang F, Sun X, Mao S, Liu Z, Qiao J, Zhu F, et al. MRI may serve as a valid
alternative to standing radiography in evaluating the sagittal alignment of
the upper thoracic spine. Clin Spine Surg. 2017;30:124–8.
35. Street J, Lenehan B, Albietz J, Bishop P, Dvorak M, Fisher C, et al.
Intraobserver and interobserver reliability of measures of kyphosis in
thoracolumbar fractures. Spine. 2009;9:464–9.
36. Brink RC, Colo D, Schlösser TPC, Vincken KL, van Stralen M, Hui SCN, et al.
Upright, prone, and supine spinal morphology and alignment in adolescent
idiopathic scoliosis. Scoliosis Spinal Disord. 2017;12:6.

Submit your next manuscript to BioMed Central
and we will help you at every step:
• We accept pre-submission inquiries
• Our selector tool helps you to find the most relevant journal
• We provide round the clock customer support
• Convenient online submission
• Thorough peer review
• Inclusion in PubMed and all major indexing services
• Maximum visibility for your research
Submit your manuscript at
www.biomedcentral.com/submit

