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Computed tomography (CT) myelography is used occasionally in the diagnosis of cervical spondylomyelopathy,
but the type of lesion found in large- versus giant-breed dogs using this modality has not been characterized.
Our purpose was to report the frequency of compressive lesions in large- and giant-breed dogs with cervical spondylomyelopathy and imaged using CT myelography. Fifty-eight dogs were retrospectively studied,
23 large-breed and 35 giant-breed dogs. Multiple sites of compression were found in 12 large-breed dogs
(52.2%) compared to 30 (85.8%) giant-breed dogs. The main site of compression was at C5–6 and C6–7 in
both large-breed (91.3%) and giant-breed (72.4%) dogs. The main cause and direction of compression was
disc-associated and ventral in 19 (82.6%) of the large-breed dogs while osseous changes were the primary cause
of compression in 27 (77.2%) of the giant-breed dogs, with most compressions being lateral (51.4%), followed
by dorsolateral (14.2%). Osseous compression was observed at C7-T1 in eight giant-breed dogs (22.8%), and at
T1-T2 or T2 only in five dogs (14.3%). Four of 23 large-breed dogs (17.4%), and seven (20%) of 35 giant-breed
dogs had spinal cord atrophy. Therefore, giant-breed dogs often have multiple compressions, usually caused by
osseous changes causing lateralized compressions. In large-breed dogs most compressions are disc-associated
and located ventrally. Considering the number of giant-breed dogs with compressions at C7-T1, T1–2, and
T2, it is important to include the cranial thoracic region when imaging dogs suspected of having cervical
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spondylomyelopathy. 
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Introduction

lows noninvasive assessment of the spinal cord parenchyma
in addition to identification of compressive lesions.10, 11
Computed tomography (CT) myelography is also used
to assess dogs with cervical spondylomyelopathy, but
there are few data available regarding the changes to be
seen.12 Our objectives were to describe the CT myelography findings in large- and giant-breed dogs with cervical
spondylomyelopathy reporting the frequency of pathologic
changes and seizures associated with the procedure.

C

ERVICAL SPONDYLOMYELOPATHY IS seen commonly in
large- and giant-breed dogs. It is characterized by
spinal cord and/or nerve root compression leading to variable degrees of neurologic deficits and neck pain.1–4 Neural
compression in cervical spondylomyelopathy results from
both static and dynamic factors caused typically by disc
protrusions or osseous compressions.1 The pathogenesis is
complex and unclear. An example of this complexity is that
Doberman Pinschers can have spinal cord compression but
no clinical signs of cervical spondylomyelopathy.5–7
The diagnosis of cervical spondylomyelopathy is established via imaging.8 Survey radiographs offer limited information and cannot confirm the diagnosis.9 Myelography
defines the site(s) and direction (ventral, dorsal, lateral) of
spinal cord compression and allows stress or dynamic myelographic studies.8, 9 Magnetic resonance (MR) imaging al-

Materials and Methods
Medical records were searched for dogs diagnosed with
cervical spondylomyelopathy between 2003 and 2008. Inclusion criteria were a definitive diagnosis of cervical
spondylomyelopathy in a large- or giant-breed dog achieved
by CT myelography, with complete medical records and all
CT myelography images available for review.
The following information was collected: breed, age at
diagnosis, gender, duration of clinical signs (acute ≤7 days,
chronic ≥8 days), contrast medium used for myelography,
dose of constrast medium, and prevalence of seizures associated with the procedure.
Fifty-eight dogs met the inclusion criteria. Twenty-three
dogs were large-breed and the other 35 belonged to giant breeds. Among the large-breed dogs there were 11
Doberman pinschers, three Weimaraners, three large mixed
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breeds, two Dalmatians, two Labrador retrievers, one Greyhound, and one German shorthaired pointer. The median
age of large-breed dogs was 7 years (range 1–13 years, mean
7.1 years), and there were 11 males and 12 females. Among
the giant-breed dogs, there were 18 Great Danes, eight
Rottweilers, seven Mastiffs, one Great Pyrenees, and one
Bernese Mountain. Their median age was 2.5 years (range
0.5 to 11 years, mean 4.1 years), and there were 21 males
and 14 females.
Of the large-breed dogs, seven dogs had an acute onset of
clinical signs, 13 had chronic signs, and three had chronic
neurologic signs with an acute worsening. The mean duration of clinical signs was 95.7 days and the median
36 days. Of the giant-breed dogs, five dogs had acute
signs, 25 chronic signs, and five had a chronic history with
acute worsening. The mean duration of clinical signs was
179.1 days with a median of 90 days.
Myelography was performed using iohexol∗ injected at
either L4–5, L5–6, or at the cerebellomedullary cistern.
The concentration used for all lumbar punctures was
240 mg/ml, while cisternal injections were performed with
using contrast medium with a concentration of either 240 or
180 mg/ml. CT was performed using a single-slice fourthgeneration helical scanner.† Dogs were in either dorsal or
sternal recumbency. Transverse images were acquired at a
slice thickness ranging from 1 to 5 mm based on patient
size. CT studies were acquired using either a sharp, bone,
or standard algorithm.
All CT myelography images were reviewed by a boardcertified veterinary neurologist (RdC) and by a board certified veterinary radiologist (RLE). Diagnostic imaging studies dated 2002–2003 were available on film while those dated
2004–2008 were evaluated on a workstation using eFilm.‡
Both investigators reviewed the images individually and
then met to discuss the findings. When the findings were
dissimilar the images were reviewed and consensus reached.
For each dog the following items were evaluated:

r Main site and additional sites of spinal cord compression;

r Severity of spinal cord compression: graded as none, mild

r
r

(<25% reduction in the diameter of the spinal cord),
moderate (25–50%), and severe (>50%). The degree of
compression was established by comparing the diameter
of the spinal cord at the compressive site and with cranial
and caudal sites;
Direction of the compressive lesion: either dorsal, ventral, lateral, or dorsolateral (Fig. 1A and B);
Cause of compression: classified as intervertebral disc,
ligamentous hypertrophy, or osseous changes such as
∗ Omnipaque,

GE Healthcare Inc., Princeton NJ.
PQS Philips Medical Systems, Inc., N.A., Bothell, WA.
‡ eFilm Merge Healthcare 2006, Milwaukee, WI 53214.
† Picker

r

r
r

65

articular process joint osteoarthrosis or vertebral malformation (pedicle and/or lamina);
Presence or absence of spinal cord atrophy at the site of
most severe spinal cord compression, based on a circumferential widening of the subarachnoid space, compared
with the cranial and caudal transverse sections (Fig. 1C);
Presence or absence of dorsoventral foraminal stenosis
and its severity (absent, mild, moderate, or severe) based
on transverse images;
Other pathologic changes such as synovial cysts
(Fig. 1D).

Results
In large-breed dogs, 11 (47.8%) had a single site of spinal
cord compression and 12 (52.2%) had multiple compressive sites (Fig. 2). The main site of compression was at
C6–7 in 14 dogs (60.8%), at C5–6 in seven dogs (30.4%),
and C4–5 and C2–3 with one dog each (4.4%) (Fig. 3). The
compression was severe in two dogs (8.7%), moderate in
14 dogs (60.8%), and mild in seven dogs (30.5%). The cause
of compression was disc-associated in 19 dogs (82.6%)
(Fig. 4). The compression was caused by osseous changes in
four dogs (17.4%). These osseous changes were characterized by osteoarthrosis of the articular processes in two dogs
and malformation of the pedicles and lamina in two dogs.
Three of the four dogs with osseous compressions also had
synovial cysts and one also had thickening of the ligamentum flavum. The direction of spinal cord compression was
ventral in 19 dogs (82.6%), dorsolateral in two dogs (8.6%),
dorsal in one dog (4.4%), and lateral in one dog (4.4%).
Four of the 23 large breed dogs (17.4%) had evidence of
spinal cord atrophy.
Six of 23 large dogs (26%) had intervertebral foraminal
stenosis. Four had stenosis at a single site, whereas two dogs
had stenosis at two intervertebral regions. The stenosis was
mild in three dogs, moderate in two dogs, and severe in one
dog. The site of foraminal stenosis was at C5–6 in two dogs,
C6–7 in two dogs, and at C5–6 and C6–7 in two dogs.
In giant-breed dogs, five (14.2%) had a single site of compression, whereas 30 (85.8%) had multiple sites of compression (Figs. 2 and 5). The main compressive site was at C6–7
in 13 dogs (44.8%), C5–6 in eight dogs (27.6%), C4–5 in five
dogs (17.3%), C2–3 in two dogs (6.8%), and C3–4 in one dog
(3.5%) (Fig. 3). Six giant-breed dogs had two or three sites
of compression of similar severity and a main lesion could
not be established. Osseous compression was also observed
at C7-T1 in eight dogs (22.8%), and T1-T2 or T2 only in
five dogs (14.3%) (Fig. 5). The primary cause of compression was osteoarthritic proliferations or osseous malformations in 27 dogs (77.2%) with two dogs having concurrent
synovial cysts, disc-associated in four dogs (11.4%), and a
combination of disc protrusion and osseous changes in four
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FIG. 1. Directions and types of spinal lesions observed. (A) Dorsal compression at C4–5; (B) bilateral compression at C6–7; (C) Spinal cord atrophy at
C6–7; note the circumferential widening of the subarachnoid space; (D) osseous lesion with lateralized compression from extradural synovial cyst at C5–6.

FIG. 2. Distribution of single versus multiple compressive lesions in largeversus giant-breed dogs.

dogs (11.4%). The direction of compression was bilateral in
18 dogs (51.4%), dorsolateral in five dogs (14.2%), dorsal
in three dogs (8%), ventral in five dogs (14.2%), and a combination of two or more directions in four dogs (11.4%).
The main spinal cord compression was severe in nine dogs
(25.7%), moderate in 19 dogs (54.3%), and mild in seven
dogs (20%). Seven dogs (20%) had spinal cord atrophy.
Twenty-three of the 35 giant-breed dogs (65.7%) had
intervertebral foraminal stenosis. Nine dogs (39.1%) had

FIG. 3. Distribution of the location of the main compressive lesion in
large- versus giant breed dogs.

a single site of stenosis (four at C5–6, four at C6–7, and
one at C2–3), whereas 14 dogs (60.9%) had multiple sites
of foraminal stenosis. Multiple sites of foraminal stenosis
affected two sites in nine dogs and three sites in five dogs.
Based on the most severe site, the foraminal stenosis was
mild in three dogs, moderate in two dogs, and severe in
11 dogs.
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FIG. 4. CT myelogram images of a Weimaraner with ventral, disc-associated spinal cord compression at C4–5 (A), C5–6 (B), and C6–7 (C).

Fourteen animals (24.1%) had seizures upon anesthetic
recovery. Six were giant-breed dogs and eight large-breed
dogs. All dogs recovered without complications. The mean
dose per kilogram and total volume of iohexol used in the
dogs with seizures was 0.33 ml and 12.9 ml (median 0.32
and 11 ml, range 0.1–0.5, and 8.8–22.4), respectively. Six
dogs were injected in the lumbar cistern and six in the
cerebellomedulary cistern. The site of injection was not
recorded for two dogs. Dogs that did not have seizures had
a mean dose per kilogram of 0.24 ml, and a mean total
volume of 11.7 ml (median 0.23 and 10 ml, range 0.11–
0.47, and 6.5–32 ml), respectively.

Discussion
An important finding of this study was that almost 15%
of giant-breed dogs had neural compression in the T1-T2
region. We were not able to find evidence of prior reports of
compression at this site. In addition, 22.8% of giant-breed
dogs also had neural compression at the C7-T1 region.
These compressions were not the main source of neural
compression; they were a component of multiple compressions seen in 85.8% of giant-breed dogs. Nevertheless, they
were directly impinging upon the spinal cord. The identification of these caudal lesions has two implications. First,

the cranial aspect of the thoracic spine should always be
included in the field of view when planning imaging studies of dogs with cervical spondylomyelopathy; we recommend imaging from C2–3 to T2–3. Even though we only
observed caudal neural compression in giant-breed dogs,
it is reasonable to image this far caudally in any dog suspected of having cervical spondylomyelopathy. The importance of a large field of view for imaging cervical spondylomyelopathy has been emphasized by others.13 Second,
the identification of cranial thoracic neural compression
can have therapeutic and prognostic implications. Giant
breed dogs are typically treated with decompression or
ventral fusion.10, 14–17 Dorsal laminectomy extending from
C3 to T2 would be very extensive. Ventral fixation would
be even more problematic because it would require ventral exposure of T3. It is possible that these caudal lesions
would not progress to cause severe neurologic deficits, as
spinal lesions in Dobermans with disc-associated cervical
spondylomyelopathy tend to progress slowly.18 The natural progression of cervical spondylomyelopathy in giantbreed dogs is currently unknown. An important difference
between large- and giant-breed dogs with cervical spondylomyelopathy is that giant-breed dogs develop osseous compressive lesions at a younger age; median age 2.5 years versus 7 years for large-breed dogs in this study. Therefore,
cervical spondylomyelopathy can progress in giant-breed
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FIG. 5. CT myelogram images of a Mastiff with multiple osseous lesions. (A) bilateral compression at C4–5; (B) bilateral compression at C5–6,worse on the
right-side; (C) bilateral compression at C6–7, worse on the left side; (D) bilateral vertebral canal stenosis at C7-T1; E) Dorsolateral compression at T2.

dogs for many years, allowing sufficient time for these cranial thoracic lesions to become symptomatic.
Interestingly, cranial thoracic neural compression secondary to pedicle malformations similar to those seen in
this report was observed in two unrelated 5-month-old
Dogues de Bordeaux.19 These Dogues de Bordeaux, however, had no evidence of cervical myelopathy, and it was
stated that myelography alone was of limited value, recommending CT myelography or MR imaging.19
The CT myelography findings in giant-breed dogs were
different from those in large-breed dogs. Most giant-breed
dogs (85.5%) had multiple compressive lesions, whereas this

was seen in only approximately 50% of large-breed dogs;
this has also been observed by others.10, 20 On the other
hand, some have suggested a more even distribution of
single versus multifocal compressions,21 while others indicate that most giant-breed dogs have a single compressive
lesion.22
We found that the major site of neural compression in
giant-breed dogs was in the caudal aspect of the cervical spine. This is more typical of the site of compression
reported in large-breed dogs with disc-associated cervical
spondylomyelopathy.23–25 It is giant-breed dogs, primarily Great Danes that have been reported to have the most
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compressive lesions in the mid-cervical spine.20, 21 However,
most compressive sites in prior work were identified based
on survey radiographs or myelography, and it is known that
survey radiographs cannot conclusively identify compressive sites and that the most severe site of compression may
not be identified based on myelography.11
There was a difference in the source and direction of
spinal cord compression in giant-breed versus large-breed
dogs. Giant-breed dogs had compression caused by osseous
lesions in 77.2% of dogs, whereas only 17.4% of large-breed
dogs had compression due to an osseous lesion. Conversely,
disc-associated compression was seen in 82.6% of largebreed dogs, but in only 11.4% of giant-breed dogs. There
was also an overlap of lesions with 17.4% of large-breed
dogs having osseous lesions, and 11.4% of giant-breeds
having disc-related compressions. Therefore, even though
cervical spondylomyelopathy is generally different in largeversus giant-breed dogs, significant overlap of the pathologic changes occurs. Also, the direction of compression
followed the primary source of compression, with discassociated lesions causing ventral compression and the direction of compression being more variable with osseous
lesions. Most giant-breed dogs (51.4%) had bilateral (lateralized) spinal cord compression, followed by dorsolateral
(14.2%) and dorsal compression (8%). This is in contrast
with other work, based on MR imaging, where dorsal compression occurred in almost 48% of giant-breed dogs with
osseous lesions.10
We identified spinal cord atrophy in 17.4% of large-breed
dogs and 20% of giant-breed dogs. We acknowledge that
CT myelography may have limited sensitivity to detect this
change. Others have reported a prevalence of spinal cord atrophy in Dobermans of 31%, based on CT myelography.12
In people, spinal cord atrophy is associated with a poor
prognosis,26 but it is not known what role spinal cord atrophy plays in dogs.
Five dogs (8.6%) had extradural synovial cysts (two
giant-breed, three large-breed dogs). In comparison, synovial cysts were found in 24% of dogs based on MR
imaging.10 This difference is not surprising given the much
greater tissue contrast resolution possible with MR imaging
compared to CT myelography. All reported synovial cysts
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occurring with cervical spondylomyelopathy have been in
giant-breed dogs10, 27, 28 whereas we observed three largebreed dogs with a synovial cyst. Consistent with previous
reports,27, 28 all dogs in this study with a synovial cyst of the
articular process joint had osseous lesions.
It is important to emphasize that CT myelography and
MR imaging are complementary.29 In people, the severity
of vertebral canal stenosis may be overemphasized with
MR imaging and underestimated with CT.29 Discrepancies
in the diagnostic accuracy of CT myelography versus MR
imaging also exist based on whether the source of the lesion
is disc or osseous,30 and for some specific conditions such
as articular process osteoarthrosis, CT appears to be more
reliable than MR imaging.31
Compared with MR imaging, CT myelography is invasive, is associated with radiation exposure and seizures, and
does not allow assessment of intramedullary lesions. CT
myelography requires less time than MR imaging.
Postmyelographic seizures occurred in 24.1% of dogs.
Others have reported an incidence of 25% to 42.8% in
dogs with cervical spondylomyelopathy.11, 32, 33 Dogs with
cervical spondylomyelopathy undergoing CT myelography are predisposed to a higher risk of postmyelographic
seizures because of their large body size, injection of contrast medium via the cerebellomedullary cistern, the large
volume of contrast medium used, and presence of cervical disease.32–34 It is the total volume of contrast medium,
not the dose per kilogram, that is important as a cause
of seizures.33, 34 Dosing contrast medium based on body
weight leads to a very large volume in large and giant dogs and this increases the risk of seizures.33, 34 Fortunately, the volume of contrast medium required for
CT myelography is lower than required for conventional
myelography.
We conclude that multiple compressive sites caused by
osseous lesions are common in giant-breed dogs and that
an important number of these dogs have lesions in the cervicothoracic and cranial thoracic regions that need to be
considered when planning imaging studies. Spinal cord atrophy was seen in almost 20% of dogs, and more work is
needed to determine whether this is associated with a worse
outcome.
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