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SUMMARY

Hemivertebrae are the most frequent vertebral malformations in dogs and particularly common in

chondrodystrophic dog breeds like the French bulldog, English bulldog, Pug and Boston terrier.

Clinical signs caused by hemivertebrae are pelvic limb ataxia and paresis, loss of reflexes, kyphosis,

lordosis and scoliosis, incontinence, atrophy and atony of the pelvic limbs due to a compression

of the spinal cord. Hemivertebrae can be unilateral or bilateral. The standard diagnostic routine

relies on ventrodorsal and lateral x-rays or even computer tomography. A few breeding associations

request a mandatory x-ray examination for future breeding dogs to exclude individuals with a

high number of hemivertebrae and/or hemivertebra at critical localisations in the thorarcic spine

or highly malformed vertebrae. Heritability estimates in French bulldogs indicate that breeding

progress can be made using selective breeding and predicting breeding values for future breeding

animals.
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Introduction

Hemivertebrae, also called wedge-shaped vertebrae, are
among the most frequent vertebral malformations in the
dog ™. This condition is assumed to be highly heritable
21, The first reports in dogs date back for more than 100
years. Hemivertebrae are common in chondrodystrophic
dog breeds, but may also be infrequently seen in other
breeds like Pomeranians ) and Dobermann pinschers (4.
Neurological signs accompanying hemivertebrae due to a

compression of the spinal cord become manifest in 3 - 4
month old dogs. Pelvic limb ataxia and paresis, loss of
reflexes, kyphosis, lordosis and scoliosis, incontinence
and atrophy and atony of the pelvic limbs are seen in
affected dogs > ©.

The objectives of this article are to review the
prevalences and possible hereditary influences on
hemivertebrae in dogs. The grading schemes used in dog
breeding programs are discussed and a genetic analysis
on hemivertebrae in French bulldogs is presented. Herein,
we could show a considerable genetic variation underlying
this condition in French bulldogs and this may stimulate
efforts to implement breeding programmes.
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Pathogenesis

Vertebrae derive from sclerotomes which surround the
neural tube and the notochord and form the primordial
vertebrae in the early embryonic development. Vertebrae
have three ossification centres. At birth, ossification of
these cartilaginous centres is only partial. Ossification
of the vertebrae is completed by 7-9 months of age U,
Hemivertebrae in dogs are caused by an asymmetrical
development or a failure in fusion of two ossification
centres Pl. There exist two forms of hemivertebrae:
unilateral and bilateral.

Unilateral hemivertebrae occur when the right and the
left half of the vertebrae develop asymmetrically & &
48 These vertebrae are wedge shaped with the base
orientated dorsally, ventrally or laterally * 1.

Bilateral vertebrae are caused by a non-union of the right
and left halves of the vertebrae body. This malformation
is termed butterfly vertebrae > 3 4 #]. Hemivertebrae may
be single or multiple. The bilateral hemivertebrae often
do not evoke clinical signs [> 6 2 81,

Diagnosis, Screening and Grading

Some breeding associations have implemented systematic
breeding programmes based on phenotypic records of
x-rays of the vertebral column. Diagnosis and grading

of hemivertebrae are usually based on a radiological
examination with ventrodorsal and lateral x-rays of the
vertebral column (Fig. 1, Fig2) .. Age at examination
should be between 101> and 12 months !> 31, There

Fig. 1: X-ray from a French bulldog of the German Club of
French Bulldogs with Hemivertebrae in the thoracic spine
(white arrow)
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is no agreement whether the dogs for the radiographic
examination have to be sedated or anaesthetized. Dog
breeding associations tend to suppose that radiography
may be performed without anaesthesia. However,
anaesthetists feel more secure having small brachycephalic
dogs with possible upper airway problems anaesthetized,
rather than just sedated [* 31,

There are two standard positions for the required
radiography. The dog has to be placed in a lateral

position, because of the lack of consequences of bilateral
hemivertebrae > " or in a lateral and ventrodorsal
position 4121, The x-rays have to show at least T1 (thoracic
vertebrae 1) to L7 (lumbar vertebrae 7) centred on T8-L1
[12.13] or on the junction between thoracic and lumbar
spine. Some breeding associations require x-rays from the
whole thoracic and lumbar spine and the beginning of the
caudal spine or even the whole spine [,

The extent of the dorsal dislocation towards the posterior
of the respective vertebrae, and the degree of the spinal
cord compression can be detected with the help of a lateral
myelogram ¥ or a magnetic resonance and computed
tomography [l

Classification of hemivertebrae for preventive health
examinations is done by one panelist for a dog breeding
association. Grading regards number, localization and
severity of the malformation of all single hemivertebrae
[10,11,14,12. 3] Some panelists also record the number of the
caudal vertebrae (10111,

In some German dog breeding associations this
classification is based on hemivertebrae number and
location, with grade 1 = no hemivertebrae, grade 2 = 1

a A

Fig. 2: X-ray from a French bulldog of the German Club of
French bulldogs with a screw tail due to a Hemivertebrae
(white arrow)
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- 3 hemivertebrae, grade 3 = 4 - 6 hemivertebrae, grade
4 = > 6 hemivertebrae, grade 5 = hemivertebrae between
thoracic and lumbar spine. Animals with grades 4 and/
or 5 are excluded from breeding [*> 14, Other dog breeding
associations use a scheme with following scores: any
hemivertebrae at T1 - T7 = score 1, any hemivertebrae

at T8 - T11 = score 2, any hemivertebrae at T12 - T13

= score 3. Animals with score > 1 are excluded from
breeding 14,

Because the angle of the vertebral column - rather than
the number of hemivertebrae - is decisive for clinical
signs () a four-point-measurement of hemivertebrae
(after Felsenberg and Kalender) was introduced into

the classification system used by German dog breeding
associations. Measurings record the dorsal (distance from
A to B indicating the leading and rear edge of the dorsal
surface of the vertebral body) and ventral (distance

from C to D indicating the leading and rear edge of the
ventral surface of the vertebral body) length of each
hemivertebra (Fig. 3). The differences between the
dorsal and ventral vertebral body length measurements
are scored according to Armbecht 8 in 5 classes (grade
0 = vertebral body lengths are identical, grade 1 =<
20% difference among dorsal and ventral vertebral body
lengths, grade 2 = 20 - 40% difference, grade 3 = 40 -
60% difference, grade 4= > 60% difference) (Tab. 1).

Prevalence and Genetics

Hemivertebrae are common in chondrodystrophic breeds
like French and English bulldog, Pug, Boston terrier or
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Fig. 3: Measurement of affected vertebrae with the Four-
Point-System. Measuring the dorsal (d) and ventral (v)
level (Felsenberg-Kalender)

Pekingese [> 163 9.1.7.2.81  These dogs originate from
screw tailed breeds as a breed characteristic due to
caudal hemivertebrae @ 7-¢ 8, Coccygeal hemivertebrae
have been favoured in selective breeding as a desirable
phenotype in many brachycephalic breeds. Selection
for screwed tails is believed to enhance the risk for
hemivertebrae in the thoracic and lumbar spine 7/,
The occurrence of hemivertebrae is not restricted to
chondrodystrophic breeds but is also infrequently seen
in other breeds like Pomeranian dog ©! and Dobermann
pinschers “'and mongrels (Tab. 2).

The male to female ratio does not suggest any sex specific
influences B1. A study in Italy about hemivertebrae in
English bulldogs reported an incidence of 97.3% [**]

Tab. 1: The four-point-measurement of hemivertebrae according to Felsenberg and Kalender was introduced into

the classification system used by German dog breeding associations. A graduation from degree 0 to degree 4 is developed
by measuring the dorsal (distance from A to B indicating the leading and rear edge of the dorsal surface of the vertebral
body) and ventral (distance from C to D indicating the leading and rear edge of the ventral surface of the vertebral body)

length of each hemivertebra

Grade Grading system according to German
dog breeding associations
1 No Hemivertebrae

2 1-3 Hemivertebrae

3 4-6 Hemivertebrae

4 More than 6 Hemivertebrae

Hemivertebrae between thoracic and
lumbar spine

Grade

Grading system according to Felsenberg
and Kalender

0 vertebral body lengths are identical

< 20% difference between dorsal and ven-

! tral vertebral body lengths

5 20 - 40% difference between dorsal and
ventral vertebral body lengths

3 40 - 60% difference between dorsal and
ventral vertebral body lengths

4 > 60% difference between dorsal and ven-

tral vertebral body lengths
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Tab. 2: Occurrence of Hemivertebrae in different dog breeds

Number of dogs

BEE examined
German Shorthaired Pointer 29
French bulldog 95
English bulldog 38
Yorkshire terrier 1
Pug 10
Fox terrier 1
Pekingese 6
Westhighland white terrier 1
Pomeranian 1
Dobermann pinscher 1
Crosshreed 4

In our current study, 105 French bulldogs were examined
using lateral radiographs of the vertebral column. The
dogs were born between 1994 and 2011. The pedigree file
included 809 animals up to five generations. Prevalence
of hemivertebrae was 86.7% of which 44% of the
affected dogs were males. There was no significant sex
difference for the number and grade of hemivertebrae.
The highest frequency of hemivertebrae was in T6 - T12.
This distribution of hemivertebrae is in agreement with
the report on English bulldogs from Italy *°!. The mean
inbreeding and relationship coefficients were slightly
higher for the affected French bull dogs compared to
unaffected dogs.
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Affected

dogs References
10 Kramer et al., 1982
83 Grebe, 1984
36 Grebe, 1984; Volta et al., 2005
1 Done et al., 1975
10 Jeffery et al., 2007
1 Kirberger, 1989
6 Done et al., 1975; Ruberte et al., 1995
1 Done et al., 1975
1 Done et al., 1975
1 Thilagar et al., 1998
4 Besalti et al., 2005

diagnosed as affected by hemivertebrae. There are affected
and unaffected dogs in one litter as well as a litter

with only affected members and one unaffected parent.
Hemivertebrae are not seen in every generation, so a
recessive trait is more likely. An X-linked inheritance can
be ruled out, because affected dams have unaffected sons.

A linear animal model was employed to estimate
heritabilities for the number and grade of hemivertebrae

Tab. 3: Heritability estimates for the appearance of number
of Hemivertebrae and for the grade of Hemivertebrae
(total number of animals: 694, base animals: 278)

. ropsls Standard
Hemivertebrae Heritability deviation
!:1gure‘4 shows the pedigree of one Freth bulldog family Grade 0.24 0.13
including 102 dogs. Out of these, 52 animals had been
examined for hemivertebrae and 43 animals had been Number 0.64 0.12
I_jd ;f‘/_lji/‘ % | Eﬁy‘_,_g%"’j._’?ﬁ‘ﬁ & @ '.EE‘.-’I—" f',-iﬂ:_i?‘zll_;']{:{j il
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- F “F—3F 5 & 5 B 5 & bms
R ¢ e 7 7 . ; H_9 H 989
s " e % %
"TEXY) . ¢ [Ob0mmedse| . )
mE [ e e O
e =
¢ & o o o ® m =&
00 =male, female French bulldogs, not affected by hetrivertebra
B® =rmale fomaleFrench bulldogs, affected by herivertebra

A & =nale, fernale French bull dogs, unknown status

Fig. 4: A pedigree from one French bulldog family, including 102 dogs



Prevalence, grading and genetics of hemivertebrae in dogs

using VCE, version 5.1.2. Heritability estimates were at
0.64 + 0.12 for the number of hemivertebrae and at 0.24
+ 0.13 for the grade of hemivertebrae, respectively (Tab.
3). In English bulldogs and Yorkshire terriers a familial
correlation has been reported . An autosomal recessive
trait for hemivertebrae in German short-haired Pointer
had been assumed 2 7],

Conclusions

Very high prevalences of hemivertebrae were shown for
French and English bulldogs and further chondrodystrophic
dog breeds. In most cases, the animals do not show any
clinical signs, but hemivertebrae may evoke a compression
of the spinal cord in the long term and this can therefore
be the reason for neurological signs. Breeding programmes
to reduce the prevalences of hemivertebrae should be
effective due to the large genetic variation in the number
and localization of hemivertebrae and their degree of
malformation. However, there is lack of information on
the degree of spinal cord compression in dogs affected by
hemivertebrae and clinical signs in older dogs resulting
from hemivertebrae.
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