
JAVMA, Vol 245, No. 4, August 15, 2014 Scientific Reports 393

S
M

A
LL A

N
IM

A
LS

/
E

X
O

TIC

Magnetic resonance imaging is the imaging modal-
ity of choice for dogs with suspected CSM.1–3 Mag-

netic resonance imaging is a very sensitive technique 
for determination of the extent of vertebral canal ste-
nosis and spinal cord compression and yields the most 
information in regard to the neural tissue.4–7 However, 
a well-recognized disadvantage of MRI in the human 
neurology field is the potential for overinterpreta-
tion.4,6,7 Several studies4,7–10 have found a high preva-
lence of abnormal MRI findings in the cervical vertebral 
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vertebral disk degeneration and foraminal stenosis.
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signal changes were observed in spinal cords of normal dogs, whereas 14 sites of hyperin-
tensity were found in 9 CSM-affected dogs. Foraminal stenosis was present in 11 clinically 
normal and all CSM-affected dogs. The number of stenotic foraminal sites was significantly 
greater in the CSM-affected group, and severe stenosis appeared to be more common in 
this group than in the clinically normal group. Significant differences were identified between 
clinically normal and CSM-affected dogs with regard to amount of synovial fluid evident, regu-
larity of articular surfaces, degree of articular process joint proliferation, and internal vertebral 
venous plexus visibility.
Conclusions and Clinical Relevance—Abnormalities were detected with MRI in several 
clinically normal Great Danes. Severe spinal cord compression, number of stenotic forami-
nal sites, and signal changes within the spinal cord distinguished CSM-affected from clini-
cally normal Great Danes. (J Am Vet Med Assoc 2014;245:393–400)

column of asymptomatic people, indicating that MRI 
can display detailed anatomic and pathological changes 
but cannot directly determine their clinical importance. 
As such, imaging of clinically normal subjects is im-
portant so that clinicians making treatment recom-
mendations can recognize the frequency and spectrum 
of MRI abnormalities that may be seen in individuals 
without clinical signs.4,7,9,11 In the veterinary literature, 
only a few studies3,12 have investigated the presence of 
cervical vertebral column MRI abnormalities in clini-
cally normal dogs. These studies3,12 focused mostly on 
Doberman Pinschers, a breed in which disk-associat-
ed CSM is common, and revealed that neurologically 
normal Doberman Pinschers have a high prevalence 
of abnormalities evident on MRI, including interverte-
bral disk degeneration, spinal cord compression, and 
foraminal stenosis, alone or in combination. To our 
knowledge, no equivalent studies have investigated 
whether MRI abnormalities are also present in the cer-
vical vertebral columns of clinically normal giant-breed 
dogs. Giant-breed dogs such as Great Danes commonly 
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have osseous-associated CSM.13 The pathophysiology 
of osseous-associated CSM differs from that of disk-
associated CSM.13 Consequently, results from studies of 
Doberman Pinschers cannot be extrapolated to Great 
Danes. In addition, 1 study3 that included 20 clinically 
normal Doberman Pinschers found that the severity of 
disk degeneration and disk-associated compression in 
clinically normal dogs of this breed was significantly 
associated with increased age. The osseous-associated 
form of CSM predominantly affects young adult giant 
dog breeds,13,14 in which an influence of age on MRI 
findings would not be expected.

To our knowledge, no study has investigated mor-
phological features of the cervical vertebral column via 
MRI of clinically normal Great Danes or compared mor-
phological features of the cervical vertebral column de-
tectable with MRI between neurologically normal and 
CSM-affected dogs of this breed. The purpose of the 
study reported here was to prospectively characterize 
and compare the morphological features of the cervical 
vertebral column in Great Danes with and without clin-
ical signs of CSM by means of MRI. We hypothesized 
that the morphological features of cervical vertebral ca-
nal structures would differ between these groups and 
that abnormalities of these structures would be found 
by MRI of clinically normal Great Danes.

Materials and Methods

Animals—Thirty client-owned Great Danes were 
prospectively enrolled in the study between April 4, 
2011, and October 4, 2012. The investigation was con-
ducted in accordance with the guidelines and with ap-
proval of the Clinical Research Advisory Committee and 
the Institutional Animal Care and Use Committee of The 
Ohio State University. Informed consent was obtained 
from each owner in writing prior to study enrollment.

Fifteen Great Danes that were determined to be 
clinically normal on the basis of results of physical ex-
amination and neurologic examination comprised the 
clinically normal group. Dogs were required to be ≥ 1 
year of age and have no prior history of neurologic dis-
ease to be eligible for enrollment in the clinically nor-
mal group. Fifteen Great Danes with clinical signs and 
neurologic examination findings consistent with CSM 
were enrolled in the CSM-affected group. Neurologic 
examination findings, age at onset of clinical signs, and 
administration of any medications at the time of study 
enrollment were recorded. The 2 investigators per-
formed all neurologic examinations together. All study 
dogs underwent CBC, serum biochemical analysis, and 
MRI of the cervical vertebral column. 

MRI examination—Magnetic resonance imaging 
of the cervical vertebral column was performed in all 
dogs under general anesthesia with a 3.0-T magneta 
and a surface coil. Dogs were positioned in dorsal re-
cumbency with the head and neck initially in neutral 
position. Images were acquired with a turbo spin-echo 
technique. First, T1- and T2-weighted images were ob-
tained in the dorsal, sagittal, and transverse planes. Af-
ter acquisition of all image sequences with the cervical 
region in a neutral position, T2-weighted sagittal imag-
es were acquired after linear traction was applied by use 

of a neck harness and weight equal to 20% of the dog’s 
body weight. The MRI protocol for each dog included 
the following: a sagittal T1-weighted sequence (TR, 
700 milliseconds; TE, 8 milliseconds), transverse and 
dorsal T1-weighted sequences (TR, 650 milliseconds; 
TE, 8 milliseconds), sagittal T2-weighted sequences in 
neutral position and with traction (TR, 5,000 millisec-
onds; TE, 110 milliseconds), and transverse and dorsal 
T2-weighted sequences (TR, 4,000 milliseconds; TE, 
120 milliseconds). The field of view was 30 cm in the 
sagittal and dorsal planes and 20 cm in the transverse 
plane. Slice thickness was set at 3 mm with no interslice 
interval. Seven intervertebral spaces from C2-3 through 
T1-2 were imaged in each dog. Five transverse slices 
were obtained for every intervertebral space. The trans-
verse slices were aligned parallel to the intervertebral 
disk and arranged to pass through the center of each 
intervertebral disk as well as the cranial and caudal end 
plates of the adjacent vertebral bodies, as has been pre-
viously described.12

Morphological features—All MRI images were 
evaluated by 1 investigator (PMV) who was not blinded 
to clinical status of the dogs. Images were reviewed with 
dedicated software.b Transverse and sagittal T2-weight-
ed images were used to evaluate dogs for compression 
of the subarachnoid space, spinal cord, or both. The 
main site and any additional sites of compression were 
recorded. Each intervertebral space was graded as pre-
viously described3,12: 0, no compression; 1, partial sub-
arachnoid space compression with no spinal cord com-
pression; 2, complete subarachnoid space compression 
with no spinal cord compression; or 3, spinal cord 
compression. Spinal cord compression was further cat-
egorized on the basis of percentage reduction in spinal 
cord diameter as previously described15: mild (< 25%), 
moderate (25% to 50%), or severe (> 50%). The direc-
tion of compression was recorded as dorsal, ventral, 
or lateral. Dorsolateral and ventrolateral compressions 
were included as lateral compressions. Lateral com-
pressions were classified as unilateral or bilateral; if > 1 
direction of compression was observed, all types were 
recorded, and the direction of the most severe compres-
sion was used for statistical analysis. The cause of com-
pression was classified as intervertebral disk associated, 
osseous associated (related to articular process [facet] 
joint, pedicle, or lamina proliferative changes), or soft 
tissue hypertrophy associated (caused by ligamentous 
hypertrophy).13,16 All available transverse plane images 
through each intervertebral space were evaluated.

Signal changes of the spinal cord were evaluated 
on transverse T2- and T1-weighted images. If an area 
of spinal cord hyperintensity was seen on T2-weighted 
images, then the corresponding T1-weighted images 
were evaluated and the spinal cord parenchyma classi-
fied as iso- or hypointense. The areas of abnormal spi-
nal cord signal changes were compared with the areas 
of normal spinal cord intensity cranial and caudal to 
the abnormality. Spinal cord signal changes were fur-
ther classified (subjectively) as marked or mild.

The characteristics of articular process joints were 
evaluated on transverse T1- and T2-weighted images 
according to 4 criteria: the presence of synovial fluid, 
regularity of the articular surface and presence of sub-



JAVMA, Vol 245, No. 4, August 15, 2014 Scientific Reports 395

S
M

A
LL A

N
IM

A
LS

/
E

X
O

TIC

chondral bone sclerosis, degree of articular process 
joint proliferation, and degree of hypertrophy of tissues 
dorsal to the dorsal lamina. These features were chosen 
to enable comparison with previously published find-
ings.16 Transverse T2-weighted images obtained at the 
center of the intervertebral disk were used to assess and 
grade the presence of hyperintense synovial fluid as fol-
lows: grade 0 if the amount of synovial fluid was judged 
to be normal, 1 if there was a reduced amount of fluid 
but it was still visible, and 2 if the synovial fluid signal 
was absent. Transverse T1- and T2-weighted images 
were both used to assess the remaining 3 criteria. Regu-
larity of the articular surface and presence of subchon-
dral bone sclerosis was graded 0 if the articular surface 
was smooth with no evidence of subchondral bone scle-
rosis, 1 if it was smooth but had evidence of sclerosis, 
and 2 if it was irregular and sclerotic. The degree of ar-
ticular process joint proliferation was graded as 0 if the 
articular process joint was considered to have a normal 
size, 1 if there was mild proliferation consistent with 
a joint < 25% larger than the (expected) normal size, 
2 if there was moderate proliferation consistent with a 
joint 25% to 50% larger than normal, and 3 if there was 
severe proliferation consistent with a joint > 50% larger 
than the expected normal size. The degree of tissue hy-
pertrophy dorsal to the dorsal lamina was graded as 0 
is there was a uniform, thin band of hypertrophic tissue 
over the lamina; 1 if there was a dense and irregular 
layer of hypertrophic tissue covering < 50% of the dor-
sal lamina; and 2 if there was a dense and irregular layer 
of hypertrophic tissue covering ≥ 50% of the lamina.

Transverse T1- and T2-weighted images obtained 
at the center of the intervertebral disk were used to as-
sess the presence of dorsoventral foraminal stenosis. 
The condition was subjectively classified as absent, 
mild (< 25% stenosis), moderate (25% to 50% steno-
sis), or severe (> 50% stenosis).12,15

Each intervertebral disk was classified as normal 
(uniform hyperintense signal), partially degenerated (≥ 
50% loss of hyperintense signal), or completely degen-
erated (complete loss of hyperintense signal) on sagit-
tal T2-weighted images. The intervertebral disk was as-
sessed for protrusion on sagittal and transverse T1- and 
T2-weighted images and subjectively classified as nor-
mal or as having mild, moderate, or severe protrusion.3,12

Transverse T1- and T2-weighted images were used 
to assess visibility of the ventral internal vertebral ve-
nous plexus (classified as visible or not visible). The 
presence of extradural synovial cysts was assessed by 
examination of transverse and dorsal T2-weighted im-
ages. Sagittal T2-weighted images were compared be-
fore and after the application of traction. A compres-
sive site was classified as dynamic if the subarachnoid 
space compression, spinal cord compression, or both 
observed on neutral images resolved after traction was 
applied. The compressive site was classified as static if 
it remained unchanged after applying traction. If the 
compressive site improved after application of traction 
but remained present, it was classified as static with a 
dynamic component.2

Statistical analysis—Comparison between groups 
for morphological features evaluated via MRI was per-
formed by use of a random-effects logistic regression 

model with commercially available software.c For those 
MRI morphological features containing low numbers of 
observations (< 5) in any of the subcategories assessed 
within the morphological feature and for which a ran-
dom-effects logistic regression model could not be used, 
data were summarized for clinically normal and CSM-
affected Great Danes without statistical comparison. For 
features evaluated with a random-effects logistic regres-
sion model, significance was set at a value of P < 0.05. 

Results

Clinical data—The clinically normal group includ-
ed 7 female (6 spayed and 1 sexually intact) and 8 male 
(7 neutered and 1 sexually intact) Great Danes; median 
age at the time of study enrollment was 2.3 years (range, 
1 to 6.4 years), and median weight was 52 kg (114.4 lb; 
range, 40.5 to 73 kg [89.1 to 160.6 lb]). The CSM-affect-
ed group included 2 female (both spayed) and 13 male 
(12 neutered and 1 sexually intact) Great Danes. Median 
age for this group at study enrollment was 4 years (range, 
1 to 7.2 years), and median weight was 56.8 kg (125 lb; 
range, 42 to 79.3 kg [92.4 to 174.5 lb]). 

Median reported age at the onset of signs for the 
CSM-affected dogs was 1.7 years (range, 0.4 to 4.2 
years). Clinical signs had been present for a mean of 
1.9 years (range, 0 to 5 years) before enrollment in the 
study. Fourteen of 15 CSM-affected dogs had ambula-
tory tetraparesis with general proprioceptive ataxia of 
all 4 limbs. One dog in this group had a spastic thoracic 
limb gait with ambulatory paraparesis and general pro-
prioceptive ataxia of the pelvic limbs. All CSM-affected 
dogs had delayed postural reactions involving all 4 
limbs. Mild signs of neck pain were elicited in 6 affected 
dogs at the time of examination for study enrollment. 

All clinically normal dogs had normal results for 
physical and neurologic examinations and hematologic 
analysis. Eleven of 15 CSM-affected dogs were receiving 
orally administered anti-inflammatory medications at 
the time of study enrollment. Seven CSM-affected dogs 
were receiving prednisone (doses ranged from 0.34 mg/
kg [0.15 mg/lb], q 72 h, to 0.6 mg/kg [0.27 mg/lb],  
q 24 h), 1 was receiving dexamethasone (0.064 mg/kg 
[0.029 mg/lb], q 24 h), 2 were receiving carprofend (2.3 
mg/kg [1.0 mg/lb], q 12 h), and 1 was receiving meloxi-
came (0.11 mg/kg [0.05 mg/lb], q 24 h). Hematologic 
results outside of the reference ranges for dogs in the 
CSM-affected group were interpreted as consistent with 
the administration of anti-inflammatory medication.

Morphological features—A total of 210 interverte-
bral spaces and 420 foraminal sites were evaluated in the 
30 Great Danes by means of MRI. The number and char-
acteristics of sites of subarachnoid space compression, spi-
nal cord compression, and foraminal stenosis were sum-
marized (Table 1). Representative MRI images showing 
selected morphological features of clinically normal and 
CSM-affected Great Danes are shown (Figure 1).

Evaluation of the MRI images revealed 9 sites of 
subarachnoid space compression and 2 sites of spinal 
cord compression in 6 of 15 clinically normal dogs 
(Table 1). The sites of subarachnoid space compression 
were recorded at C3-4 (2 dogs), C4-5 (2 dogs), and C6-7 
(5 dogs). Three dogs each had 2 sites of subarachnoid 
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space compression, and 3 dogs had 1 affected site each. 
The 2 sites of spinal cord compression were observed 
in 1 clinically normal dog at C4-5 and C5-6, with C5-6 
being the main site of compression (Figure 2). 

Sixty-one compressive sites were recorded for dogs 
in the CSM-affected group, including 17 sites of sub-
arachnoid space compression and 44 sites of spinal 
cord compression (Table 1). The total number of com-
pressive sites recorded was significantly higher in the 
CSM-affected group (P < 0.001), compared with the 
clinically normal group. All CSM-affected dogs had ≥ 
1 compressive site, and all had > 1 site affected when 
both subarachnoid space and spinal cord compression 
were considered. Multiple sites of subarachnoid space 
compression were recorded in 11 of the 15 CSM-affect-
ed dogs; 1 dog had 3 affected sites, 4 dogs each had 2 af-
fected sites, and 6 dogs each had 1 affected site. Among 
dogs with spinal cord compression, 5 dogs each had 4 
affected sites, 6 dogs each had 3 affected sites, 2 dogs 
each had 2 affected sites, and 2 dogs had 1 affected site 
each. Sites affected by subarachnoid space compression 
in CSM-affected dogs included C3-4 (5 dogs), C7-T1 
(4 dogs), C5-6, C6-7, and T1-2 (2 dogs each), and C2-3 
and C4-5 (1 dog each), and sites affected by spinal cord 
compression included C4-5 and C6-7 (12 dogs each), 
C5-6 (10 dogs), C2-3 (5 dogs), C3-4 (3 dogs), and 
C7-T1 (2 dogs). In CSM-affected dogs, the main site of 
compression was C6-7 (8 dogs), C4-5 (3 dogs), C5-6 (2 
dogs), C2-3 (1 dog), and C3-4 (1 dog). 

The direction of compression for most compres-
sive sites (8/11 and 59/61 in clinically normal and CSM- 
affected dogs, respectively) was lateral, and all of these le-
sions were secondary to osseous proliferation of articular 
processes, lamina, or pedicles (Table 1). One clinically 
normal dog (6.3 years old) had partial ventral subarach-
noid space compression at C6-7, which was secondary to 
a mild intervertebral disk protrusion. Two sites of dorsal 

compression were noted in dogs of each 
group; 3 were secondary to dorsal soft tis-
sue hypertrophy and 1 was the result of 
dorsal lamina proliferation.

None of the clinically normal dogs 
had detectable signal changes within the 
spinal cord. There were 14 sites of spinal 
cord hyperintensity on T2-weighted im-
ages recorded for 9 CSM-affected dogs. 
All the areas of spinal cord hyperin-
tensity were observed at sites of spinal 
cord compression. One dog had 3 sites 
of spinal cord hyperintensity, 3 dogs had 
2 affected sites each, and 5 dogs had 1 
affected site each. The hyperintense spi-
nal cord signal changes in CSM-affected 
dogs were recorded at C6-7 (8 dogs), 
C5-6 (3 dogs), C2-3 (2 dogs), and C4-5 
(1 dog). Eight of the hyperintensities 
were classified as marked and 4 as mild. 
The corresponding T1-weighted images 
revealed 11 isointense and 3 hypointense 
sites. The isointense sites were at C6-7 
(5 dogs), C5-6 (3 dogs), C2-3 (2 dogs), 
and C4-5 (1 dog). The hypointense sites 
were recorded at C6-7 in 3 dogs and 
corresponded to the main site of com-
pression for those CSM-affected dogs. 
All hypointense spinal cord signal sites 
recorded on T1-weighted images corre-

Figure 1—Transverse T2-weighted MRI images obtained at the center of 3 interver-
tebral disks (from left to right: C2-3, C5-6, and C6-7) in a clinically normal Great Dane 
(A–C), and the corresponding intervertebral sites in a Great Dane with CSM (D –F). In 
the CSM-affected dog, notice severe spinal cord compression in the lateral direction 
at all 3 sites secondary to severe osseous proliferation of the articular (facet) joints 
(arrowheads), most severe at C6-7. There is also loss of synovial fluid identifiable by 
loss of the hyperintense signal between the cranial and caudal articular joints, as well 
as irregular and sclerotic articular surfaces and bilateral foraminal stenosis (arrows) 
at the 3 sites. In the CSM-affected dog, hyperintensity of the spinal cord signal is 
evident at C5-6 and C6-7. The ventral internal venous plexus is visible in all 3 images 
from the clinically normal dog at the level of the intervertebral foramina (arrows) but is 
not evident in images from the CSM-affected dog. R = Right side.

  Clinically CSM
Variable normal affected

Intervertebral sites evaluated (all) 105 105
Compressive sites (all) 11  61 
Sites of subarachnoid space compression 9 17
 Partial 8 17
 Complete 1 0
Sites of spinal cord compression 2 44
 Mild 1 17
 Moderate 1 11
 Severe 0 16
Direction of compression  
 Dorsal 2 2
 Ventral 1 0
 Lateral 8 59
   Unilateral 4 6
   Bilateral 4 53
Cause of compression  
 Soft tissue 2 1
 Disk 1 0
 Osseous 8 60
Foramina evaluated (all) 210 210
 Normal foramina 154 58
 Sites of foraminal stenosis (all) 56   152  
   Mild 22 54
   Moderate 26 26
   Severe 8 72
 

Data represent number of sites.

Table 1—Summary of morphological features of the cervical ver-
tebral column in 30 Great Danes deemed clinically normal (n = 
15) or CSM affected (15).
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sponded with areas of marked spinal cord hyperinten-
sity on T2-weighted images, and this combination was 
only recorded at sites of severe spinal cord compression 
(Figure 3). 

Articular process joint characteristics were sum-
marized (Table 2). The number of sites with abnormal 
synovial joint fluid signal was significantly (P < 0.039) 
greater in CSM-affected than in the clinically normal 

Great Danes. Regularity of the articular 
surfaces and the presence of subchon-
dral bone sclerosis were also significant-
ly (P < 0.001) different between groups; 
CSM-affected dogs had a greater number 
of articular process joints with sclerosis 
and irregular articular surfaces than did 
clinically normal dogs. The degree of 
articular process joint proliferation also 
differed significantly (P < 0.001) be-
tween groups, with CSM-affected dogs 
having a greater number of articular pro-
cess joints with proliferative changes.

Foraminal stenosis was present in 11 
of 15 clinically normal (Figure 4) and 15 
of 15 CSM-affected Great Danes (Figure 
1). However, the number of stenotic fo-
raminal sites recorded was significantly 
(P < 0.001) greater in the CSM-affected 
group than in the clinically normal group. 
In addition, foraminal stenosis was classi-
fied as severe in 72 of 152 sites in CSM-
affected dogs (with all dogs having ≥ 1 
severely affected site), whereas 8 of 56 
stenotic foraminal sites were classified as 
severe in 6 clinically normal dogs (Table 
1). Visibility of the ventral internal ve-
nous plexus was significantly (P < 0.001) 
different between groups. Of 105 inter-
vertebral sites evaluated in each group, 
82 venous plexuses were classified as vis-
ible in clinically normal dogs, and only 50 
were visible in CSM-affected dogs.

Of 105 intervertebral disks evalu-
ated/group, 95 and 76 were classified as 
normal for the clinically normal and the 
CSM-affected groups, respectively. Par-
tial intervertebral disk degeneration was 
recorded at 9 sites in clinically normal 
dogs and 13 sites in CSM-affected dogs. 
In addition, complete intervertebral disk 
degeneration was identified at 1 site in 
the clinically normal group and 16 sites 
in the CSM-affected group. The num-
ber of sites with intervertebral disk de-
generation was significantly (P < 0.039) 
greater in CSM-affected dogs. Mild inter-
vertebral disk protrusion was recorded 
in only 2 dogs (1/group) and was found 
at C6-7 in both.

Three extradural synovial cysts were 
detected in 3 CSM-affected dogs, at C4-5, 
C5-6, and C6-7. All cysts were unilateral 
and present at sites of subarachnoid space 
or spinal cord compression secondary to 

osseous-associated proliferative changes. No extradural 
synovial cysts were found in clinically normal dogs. 

After traction was applied, all but 2 of the compres-
sive sites in 2 CSM-affected dogs remained unchanged 
(static); at these 2 sites, the application of traction did 
not resolve the compression but allowed an improved 
visualization of the subarachnoid space (static with a 
dynamic component).

Figure 2—Transverse T2-weighted images at the center of the C4-5 (A) and C5-6 (B) 
intervertebral disks from a clinically normal Great Dane that had spinal cord compres-
sion. The lateral compression was secondary to articular process joint proliferation 
classified as mild and unilateral (left sided) at C4-5 and moderate and bilateral at C5-6. 
Bilateral foraminal stenosis was also evident (arrows). R = Right side.

Figure 3—Midsagittal T2-weighted image (A), transverse T2-weighted image at C6-7 
(B), and transverse T1-weighted image at C6-7 (C) of a CSM-affected Great Dane with 
spinal cord compression. The midsagittal image reveals spinal cord signal changes 
at C5-6 (mild) and C6-7 (marked). Marked spinal cord signal hyperintensity is evident 
on the transverse T2-weighted image, with hypointensity on the T1-weighted image, 
attributable to severe lateral compression secondary to bilateral articular process joint 
proliferation with irregular articular surfaces and subchondral bone sclerosis. The ver-
tebral canal is severely stenotic in the affected region, and the spinal cord has an 
elongated (narrowed) appearance. R = Right side.
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Discussion

In this study, morphological features of the cervical 
vertebral column of clinically normal and CSM-affected 
Great Danes were investigated by means of MRI. The 
proportion of clinically normal Great Danes in our 
study that had spinal cord compression (1/15 dogs) 
was lower than that reported12 for clinically normal Do-
berman Pinschers evaluated via MRI (4/16), although 
the proportions of clinically normal dogs with forami-
nal stenosis were similar (11/15 in the present study 
vs 11/16 in the previous investigation12). Results of the 
present study confirmed that clinically normal Great 
Danes can have cervical vertebral column abnormali-
ties detectable with MRI, although considerable differ-
ences were found between MRI findings in clinically 
normal and CSM-affected dogs. The 15 CSM-affected 
dogs in our study all had clear indications of spinal cord 
compression, which was rare (1/15) among clinically 
normal dogs; in addition, 9 of 15 CSM-affected dogs 
had ≥ 1 spinal cord signal intensity abnormality, which 
was not detected in any normal dogs. All CSM-affected 

dogs had severe foraminal stenosis at ≥ 
1 intervertebral site with a total of 72 
severely stenotic foramina recorded in 
this group, whereas severe stenosis was 
recorded at only 8 foraminal sites in 6 
of 11 clinically normal dogs that had fo-
raminal stenosis. 

The MRI findings in CSM-affected 
Great Danes of this study are similar to 
those in previously reported retrospec-
tive studies13,16 in which all CSM-affect-
ed Great Danes had osseous-associated 
CSM secondary to bilateral proliferative 
changes of the articular process joints, 
lamina, or pedicles, and these changes 
were often present at multiple sites. We 
recorded sites of subarachnoid space 
or spinal cord compression from C2-3 
through T1-2, which highlights the fact 

that osseous-associated CSM can affect all cervical as 
well as cranial thoracic vertebrae and not just the cau-
dal cervical region.13 These findings should be taken 
into consideration when planning imaging studies in 
breeds predisposed to osseous-associated CSM.

We found spinal cord compression in 1 clinically 
normal dog. The importance of detecting spinal cord 
compression on MRI of a clinically normal dog is dif-
ficult to determine. Several studies4,7,9,17 have shown 
that spinal cord compression is not uncommon in as-
ymptomatic people; furthermore, hyperintense signal 
changes of the spinal cord on T2-weighted images in 
asymptomatic individuals have also been described. Re-
sults of a longitudinal MRI study11 of the cervical ver-
tebral column in asymptomatic people over a 10-year 
period revealed progression of degenerative changes 
and development of symptoms in 76 of 223 (34%) sub-
jects, with age being the main factor related to progres-
sion. In the present study, the only clinically normal 
Great Dane with spinal cord compression was 1.4 years 
old. Great Danes with osseous-associated CSM usually 
develop clinical signs before 4 years of age,16,18,19 and 

  Clinically CSM
Variable normal affected

Intervertebral sites evaluated (all) 105 105
Synovial joint fluid signal   
 Normal intensity (grade 0) 32 16 
 Reduced intensity, but visible (grade 1) 36 32
 Absent (grade 2) 37 57
Regularity of the articular surface and presence of sclerosis  
 Smooth surface, no sclerosis (grade 0) 97 38
 Smooth surface with sclerosis (grade 1) 6 13
 Irregular surface with sclerosis (grade 2) 2 54
Degree of articular process joint proliferation  
 Normal size (grade 0) 80 5
 Mild proliferation, < 25% larger than expected size (grade 1) 22 42
 Moderate proliferation, 25%–50% larger than expected size (grade 2) 3 41
 Severe proliferation, > 50% larger than expected size (grade 3) 0 17
Degree of tissue hypertrophy dorsal to the dorsal lamina   
 Normal (grade 0) 103 96
 Hypertrophic tissue covering < 50% of the dorsal lamina (grade 1) 1 3
 Hypertrophic tissue covering > 50% of the dorsal lamina (grade 2) 1 6
 

Data represent number of sites. 

Table 2—Summary of articular process joint characteristics evaluated by MRI of 30 Great Danes 
deemed clinically normal (n = 15) or CSM affected (15).

Figure 4—Transverse T2-weighted images obtained at the center of the C6-7 inter-
vertebral disks in 2 clinically normal Great Danes (A and B). In panel B, notice the 
differences in foraminal size and the presence of bilateral foraminal stenosis (arrows), 
compared with that in panel A. R = Right side.
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although this dog was determined to be neurologically 
normal at the time of enrollment, the 2 sites of spinal 
cord compression recorded in this dog were second-
ary to osseous proliferative changes and the possibility 
exists that it could develop clinical signs of osseous-
associated CSM in the future. Prospective, longitudinal 
clinical and imaging studies that include long-term fol-
low-up of clinically normal dogs with MRI abnormali-
ties would be needed to determine whether these dogs 
eventually develop associated clinical signs or if they 
develop other abnormalities detectable via MRI.

Nine of 15 CSM-affected Great Danes had spinal 
cord signal changes, which were all observed at sites of 
spinal cord compression. An overall prevalence of 57 of 
102 (55.9%) was reported for spinal cord signal chang-
es in dogs with CSM,f which is similar to our findings. 
We used T2-weighted images and the corresponding 
T1-weighted images to assess spinal cord signal chang-
es, similar to methods routinely used for evaluation of 
humans.6,20,21 In people with cervical spondylotic my-
elopathy, which is a chronic compressive myelopathy 
similar to CSM of dogs, hyperintense T2-weighted 
spinal cord signal changes can reflect a spectrum of 
pathological changes ranging from reversible edema, 
when the spinal cord signal change is ill-defined, to ir-
reversible injury, when it is intense and well-defined.6,20 
However, the presence of intramedullary hypointensity 
on T1-weighted images generally implies irreversible 
spinal cord injury.20 Both findings in combination as 
well as the occurrence of spinal cord signal changes at 
multiple sites are related to poor surgical outcomes.6,21 
Three CSM-affected Great Danes had intense, marked 
spinal cord hyperintensities on T2-weighted images at 
C6-7 with corresponding spinal cord hypointensities 
on T1-weighted images. This combination of spinal 
cord signal changes was only recorded at severe sites of 
spinal cord compression and corresponded to the main 
site of spinal cord compression in these 3 dogs. Each of 
these 3 dogs had had clinical signs for > 3 years. Simi-
larly, in a retrospective studyf of giant- and large-breed 
dogs with CSM, dogs with spinal cord signal changes 
had more severe neurologic deficits and more common-
ly had severe or moderate spinal cord compression and 
a chronic history of clinical signs consistent with CSM 
than did dogs without this finding.

The features of cervical articular process joints 
observed via MRI in CSM-affected dogs of the present 
study were consistent with the results of a retrospec-
tive study,16 in which most of the articular processes of 
CSM-affected Great Danes had indications of degen-
erative changes. In addition, our study evaluated the 
articular process joint characteristics of clinically nor-
mal Great Danes and found that this group had a lower 
degree of articular process proliferative changes, with 
more joints considered to be of normal size, and more 
commonly had smooth articular surfaces with no signs 
of subchondral bone sclerosis, compared with CSM-
affected Great Danes.

Foraminal stenosis was commonly found in both 
groups of Great Danes in our study, although the num-
ber of sites affected was significantly greater in CSM-
affected dogs and severe lesions appeared to be more 
common in this group. In people with cervical spon-

dylotic myelopathy, foraminal stenosis is common and 
has been identified as a key factor contributing to isch-
emic insult in pathogenesis of the disease.22 However, 
asymptomatic foraminal stenosis is also frequently rec-
ognized in people.4,11,17 The clinical importance of fo-
raminal stenosis in subclinically affected dogs is cur-
rently unknown.

Intervertebral disk degeneration and protrusion 
were uncommon in the Great Danes of this study. Only 
one 6.3-year-old clinically normal Great Dane had mild 
ventral subarachnoid space compression due to an  
intervertebral disk protrusion. This contrasts with the 
high prevalence of these abnormalities in Doberman 
Pinschers with disk-associated CSM,3,12 supporting the 
different pathogenesis between osseous-associated and 
disk-associated CSM.13

A limitation of the present study was that, although 
1 investigator performed all MRI evaluations, this in-
dividual was not blinded to the clinical status of dogs. 
To help minimize bias, all the morphological features 
were graded by use of predetermined grading schemes. 
Whenever possible, the authors followed grading 
schemes for MRI investigation of cervical vertebral col-
umn morphological features in clinically normal large-
breed dogs and CSM-affected large- and giant-breed 
dogs used in previous studies.2,3,12,15,16 This also allowed 
for subjective comparison between the results of this 
study and findings in other reports. 

The present study characterized several abnor-
malities on MRI of Great Danes with and without CSM 
and identified differences in MRI results between these 
groups. The results reiterate the importance of interpret-
ing MRI findings in conjunction with a thorough neu-
rologic examination before making treatment decisions.

a. Achieva 3.0 T, Philips Healthcare, Best, The Netherlands.
b. E-Film Merge Healthcare, Milwaukee, Wis.
c. Stata, version 12.1, Stata Corp, College Station, Tex.
d. Rimadyl, Pfizer Animal Health, Exton, Pa.
e. Metacam, Boehringer Ingelheim Vetmedica Inc, St Joseph, Mo.
f. da Costa RC. Relationship between spinal cord signal changes and 

clinical and MRI findings in dogs with cervical spondylomyelopathy— 
102 cases (abstr). J Vet Intern Med 2012;26:807.
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