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Cervical spondylomyelopathy, commonly known as 
wobbler syndrome, affects the cervical vertebral 

column of dogs and is the result of compression of the 
spinal cord or nerve roots.1,2 It is primarily a disease of 
large and giant breeds,3–7 and Doberman Pinschers and 
Great Danes are more commonly affected than other 
breeds.1,3–8 Small-breed dogs are rarely affected, ac-
counting for < 5% of reported cases of CSM.4,9,10 There 
are 2 recognized forms of CSM, which may occur sepa-
rately or in conjunction. Disk-associated CSM causes 
spinal cord compression secondary to protrusion of in-
tervertebral disks and generally occurs in large breeds, 
typically Doberman Pinschers.11 Osseous-associated 
CSM usually affects giant breeds, particularly Great 
Danes,1 with lateral or dorsolateral compression of the 
spinal cord mainly from osseous proliferation of the ar-
ticular processes.12–14
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OBJECTIVE
To compare the percentage of the C3-C7 vertebral canal occupied by the 
spinal cord in small-breed dogs with that in Doberman Pinschers and Great 
Danes with and without cervical spondylomyelopathy (CSM).

ANIMALS
30 small-breed dogs (body weight, < 15 kg), 15 clinically normal Doberman 
Pinschers, 15 Doberman Pinschers with CSM, 15 clinically normal Great 
Danes, and 15 Great Danes with CSM.

PROCEDURES
In a retrospective study, sagittal and transverse T2-weighted MRI images 
of the cervical (C3 to C7) vertebral column obtained from dogs that met 
study criteria and were free of extensive abnormalities that could affect 
the spinal cord diameter between January 2005 and February 2015 were 
reviewed. The area and height of the vertebral column and spinal cord were 
measured at the cranial and caudal aspect of each vertebra from C3 to C7, 
and the percentage of the vertebral canal occupied by the spinal cord at 
each location was calculated and compared among groups of dogs.

RESULTS
Mean percentage of the vertebral canal occupied by the spinal cord was 
greatest for small-breed dogs and lowest for Great Danes, but did not dif-
fer between Doberman Pinschers and small-breed dogs at approximately 
half of the locations evaluated or between Doberman Pinschers with and 
without CSM or between Great Danes with and without CSM.

CONCLUSIONS AND CLINICAL RELEVANCE
Results suggested that the percentage of the vertebral canal occupied by 
the spinal cord, although expected to increase with vertebral canal steno-
sis, may not have a primary role in the pathogenesis of CSM. (Am J Vet Res 
2018;79:83–89)

Although the pathophysiology of CSM has not 
been completely elucidated, it is believed to involve 
static and dynamic factors.1,2 The dynamic compo-
nent is associated with the effect that physiologic 
movement of the neck has on spinal cord compres-
sion.15 The most important static component is 
stenosis of the vertebral canal, which is often con-
sidered to be a relative stenosis in Doberman Pin-
schers2 and an absolute stenosis in Great Danes.16 
Relative stenosis itself does not result in clinical 
signs, but it may predispose dogs to develop clinical 
signs of spinal cord compression in the presence of 
space-occupying conditions.2,17 On the other hand, 
absolute stenosis refers to an abnormally narrowed 
vertebral canal that is directly responsible for spinal 
cord compression.17

Results of an osteological study18 of dogs indicate 
that, when adjusted for body size, the vertebral ca-
nal height and width of large-breed dogs are smaller 
than those of small-breed dogs, which suggests that 
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large-breed dogs have less space available for the 
spinal cord if the size of the spinal cord also varies 
proportionally. For example, the percentage of the 
vertebral canal occupied by the spinal cord at C7 in 
Doberman Pinschers with CSM is greater than that 
for hound dogs of equivalent size.19 Relative and ab-
solute stenosis of the vertebral canal have been re-
ported in Doberman Pinschers and Great Danes with 
CSM, respectively.11,16 To our knowledge, the size of 
the vertebral canal and spinal cord of Doberman Pin-
schers and Great Danes relative to that of small-breed 
dogs has not been investigated. Given the high preva-
lence of CSM in large- and giant-breed dogs and its 
scarcity in small-breed dogs,3–10 it seems possible that 
the percentage of the vertebral canal occupied by the 
spinal cord may be a factor in disease development 
and could provide an indirect estimate of the extent 
of vertebral canal stenosis.

The objective of the study reported here was to 
compare the percentage of the C3-C7 vertebral canal 
occupied by the spinal cord in small-breed dogs with 
that in Doberman Pinschers and Great Danes with 
and without CSM. Our hypothesis was that the per-
centage of the C3-C7 vertebral canal occupied by the 
spinal cord in Doberman Pinschers and Great Danes 
would be greater than that in small-breed dogs.

Materials and Methods

Animals
The medical record database for the radiology 

service at the Veterinary Medical Center of The Ohio 
State University was searched to identify records for 
Doberman Pinschers, Great Danes, and small-breed 
dogs (body weight, < 15 kg) that underwent an MRI 
examination of the cervical vertebral region between 
January 2005 and February 2015. Dogs with a com-
plete medical record and both sagittal and transverse 
T2-weighted MRI images of the cervical vertebral col-
umn from C3 to C7 available for review were eligible 
for study inclusion. Small-breed dogs also had to be 
free of extensive abnormalities that could affect the 
diameter of the spinal cord (eg, myelitis or syringo-
hydromyelia) to be included in the study. Dogs with 
localized changes such as an isolated intervertebral 
disk extrusion were included in the study, with the 
areas of spinal cord compression excluded from anal-
ysis on an individual basis. Dogs with space-occupy-
ing lesions, spinal cord hyperintensity that spanned 
> 1 intervertebral space, or diffuse changes in the 
spinal cord parenchyma (eg, syringohydromyelia, 
meningomyelitis, or neoplasia) were excluded from 
the study. The study population was separated into 
5 groups (small-breed dogs, Doberman Pinschers with 
and without CSM, and Great Danes with and without 
CSM) for analysis. Cervical spondylomyelopathy was di-
agnosed on the basis of clinical and MRI findings. The 
Doberman Pinschers and Great Danes evaluated in the 
study were involved in other prospective studies.11,14,20

MRI
All dogs were positioned in dorsal recumbency for 

MRI examination. Images were obtained with either 
a 1.5- or 3.0-T MRI scanner, with varying protocols. 
For each study dog, DICOM image processing soft-
warea was used to acquire measurements from C3 to 
C7 on sagittal and transverse T2-weighted images. All 
measurements were obtained by the same investiga-
tor (MADB), who was unaware of each dog’s clinical 
status. Measurements were repeated after 20 days for 3 
randomly selected dogs from each of the 5 groups (n = 
15 dogs) to calculate intraobserver agreement.

For transverse images, the respective areas of the 
spinal cord and vertebral canal were determined at 
the most cranial and caudal aspect of each vertebral 
body from C3 to C7 (Figure 1). The limits of the ver-
tebral canal were considered to be the hypointense 
cortical bone dorsally and laterally and the vertebral 
body ventrally. When the dorsal lamina was not pres-
ent in an image, the most solid hypointense border 
between the epidural fat and surrounding soft tissue 
was considered the dorsal limit of the vertebral ca-
nal; the hypointense cortical bone was then followed 
laterally to the level of the articular facets where it 
crossed the intervertebral foramina toward the dorsal 
aspect of the vertebral body (Figure 2). The limits of 
the spinal cord were delineated as the most solid tran-
sition from hypointense spinal cord to hyperintense 
CSF. Area (cm2) was then given automatically by the 
software for the delineated selection. For each loca-
tion (cranial and caudal edge of each vertebra from 
C3 to C7), the vertebral canal and spinal cord areas 
were determined from the same image. The percent-
age of the vertebral canal occupied by the spinal cord 
was calculated by dividing the spinal cord area by the 
corresponding vertebral canal area, then multiplying 
the quotient by 100%.

The respective heights of the vertebral canal 
and spinal cord were measured at the same location 
on each vertebra from C3 to C7 on a midline sagittal 

Figure 1—Representative sagittal T2-weighted MRI image of 
the cervical region of a Great Dane that depicts the locations 
where the respective areas of the vertebral canal and spinal 
cord were measured at the cranial (A) and caudal (B) aspects 
of each vertebra from C3 to C7 on transverse T2-weighted 
MRI images.
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image obtained at the level where the spinal cord 
had the largest diameter. Vertebral canal height was 
measured perpendicular to the spinal cord at the 
cranial and caudal aspect of each vertebra (Figure 
3) and was delimited as the most cranial or caudal 
edge of the dorsal lamina to the corresponding cra-
niodorsal or caudodorsal edge of the vertebral body. 
Ventral and dorsal limits of the spinal cord were de-
termined by the innermost solid hyperintense line 
that represented the subarachnoid space filled with 
CSF. At each location, the percentage of the verte-
bral canal height occupied by the spinal cord height 
was calculated by dividing the height of the spinal 
cord by the corresponding height of the vertebral 
canal, then multiplying the quotient by 100%.

Statistical analysis
Intraobserver reliability was assessed by calcula-

tion of the intraclass correlation between the 2 sets 
of measurements obtained for a subset of 15 dogs (3 
randomly selected dogs from each of the 5 groups).

The mean area and height of the vertebral ca-
nal and spinal cord at the cranial and caudal edges 
of each vertebra from C3 to C7 were calculated for 
each of the 5 groups of dogs (small-breed dogs, Do-
berman Pinschers with and without CSM, and Great 
Danes with and without CSM). Data were assessed by 
means of a Shapiro-Wilk test and determined to be 
normally distributed. Mean percentages were com-
pared among the 5 groups by use of a 1-factor multi-
variate ANOVA in which the response variables were 
the corresponding measurements and group was the 
predictive variable. Pairwise comparisons between 
the groups were performed with the Tukey multiple 
comparison test. All analyses were performed with a 
commercially available statistical software program,b 
and values of P ≤ 0.05 were considered significant.

Results

Dogs
The study population consisted of 30 small-breed 

dogs, 15 clinically normal Doberman Pinschers, 15 Do-
berman Pinschers with CSM, 15 clinically normal Great 
Danes, and 15 Great Danes with CSM. The small-breed 
dogs included 12 females and 18 males and had a mean 
± SD age of 6.9 ± 3.1 years (range, 1 to 12 years) and 
weight of 9.3 ± 3.5 kg (range, 2.7 to 14.7 kg). Breeds 
represented in the small-breed group included Pug  
(n = 6), Beagle (5), Cavalier King Charles Spaniel (3), 
Toy Poodle (3), Boston Terrier (2), Pomeranian (2), and 
Chihuahua, Lhasa Apso, Miniature Schnauzer, Peking-
ese, Pembroke Welsh Corgi, Shih Tzu, Toy Fox Terrier, 
Wire Fox Terrier, and Yorkshire Terrier (1 each). All 
dogs in the small-breed group underwent MRI examina-
tion because of neurologic disorders. Abnormalities of 
the cervical vertebral column identified on MRI images 
included intervertebral disk protrusion or extrusion (n 
= 23) and C6 fracture (1). The remaining 6 dogs did not 
have any cervical abnormalities identified; 1 dog had a 
brain tumor and a definitive diagnosis was not achieved 
for the other 5 dogs.

The clinically normal Doberman Pinschers in-
cluded 8 females and 7 males and had a mean ± SD 
age of 4.3 ± 1.8 years (range, 2 to 8 years) and weight 
of 36.7 ± 6.8 kg (range, 26 to 52 kg). The Doberman 
Pinschers with CSM included 7 females and 8 males 
and had a mean ± SD age of 6.3 ± 2.4 years (range, 3 
to 12 years) and weight of 35.0 ± 5.9 kg (range, 26.3 to 
50.8 kg). The clinically normal Great Danes included 
6 females and 9 males and had a mean ± SD age of 2.6 
± 1.3 years (range, 1 to 6.5 years) and weight of 52.7 ± 
9.4 kg (range, 40.5 to 73.0 kg). The Great Danes with 
CSM included 2 females and 13 males and had a mean 
± SD age of 3.9 ± 2.1 years (range, 1 to 7.3 years) and 
weight of 57.8 ± 8.9 kg (range, 42 to 79.3 kg).

Figure 2—Representative transverse T2-weighted MRI im-
age obtained at the cranial aspect of C5 of a Great Dane on 
which the limits used to measure the respective areas of the 
vertebral canal (A) and spinal cord (B) are depicted.

Figure 3—Representative sagittal T2-weighted MRI im-
age of the cervical region of a Great Dane that depicts 
the locations where the respective heights of the vertebral 
canal and spinal cord were measured at the cranial (A) and 
caudal (B) aspects of each vertebra from C3 to C7.
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Vertebral canal and spinal cord  
measurements

Intraclass correlation was > 0.8 for all variables of 
interest, which indicated that there was a high degree 
of reliability between the 2 sets of measurements ob-
tained by the same investigator.21 Intraclass correla-
tion was lowest for vertebral canal height (0.8839) 
and highest for spinal cord area (0.9486).

A total of 1,694 sagittal (height) and 1,574 trans-
verse (area) measurements were obtained from C3 
to C7. For the small-breed group, 53 sagittal images 
and 56 transverse images were discarded because of 
localized changes, such as spinal cord compression 
caused by intervertebral disk protrusion or extru-
sion. In general, for clinical patients (ie, small-breed 
dogs), sagittal images were obtained of the entire cer-
vical vertebral column, but transverse images were 
obtained only for the region of clinical interest. Con-
sequently, transverse images for some of the locations 

of interest for the dogs of small-breed group were un-
available for review including the cranial edge of C3 
(n = 6 dogs), caudal edge of C3 (5), cranial edge of C4 
(7), caudal edge of C4 (3), cranial edge of C5 (3), cau-
dal edge of C5 (3), cranial edge of C6 (3), caudal edge 
of C6 (6), cranial edge of C7 (6), and caudal edge of 
C7 (15). Transverse images of all locations of interest 
were obtained for all dogs in the other 4 groups.

In general, the mean percentage of the vertebral 
canal area occupied by the spinal cord was lowest 
for Great Danes and highest for small-breed dogs and 
was greater for Doberman Pinschers than for Great 
Danes (Table 1; Supplementary Figure S1, avail-
able at avmajournals.avma.org/doi/suppl/10.2460/
ajvr.79.1.83). At approximately half of the locations 
measured, the mean percentage of the vertebral 
canal area occupied by the spinal cord did not dif-
fer significantly between Doberman Pinschers and 
small-breed dogs. Conversely, the mean percentage 

Table 1—Mean ± SD (range) percentage of the vertebral canal area occupied by the spinal cord at the cranial and caudal edges of 
each vertebra from C3 to C7 for each of 5 groups of dogs (small-breed dogs [body weight, < 15 kg; n = 30], Doberman Pinschers 
with [15] and without [15] CSM, and Great Danes with [15] and without [15] CSM).

   Small-breed  Doberman   Clinically normal  Great Danes  Clinically normal
Vertebra Location dogs Pinschers with CSM Doberman Pinschers  with CSM Great Danes

C3 Cranial edge 31.6 ± 8a (19–52)    25.4 ± 5.5b (17–33) 26.9 ± 2.4a,b (24–33) 18.7 ± 4c (15–32) 16.5 ± 2.5c (15–25)
 Caudal edge 36.5 ± 6.7a (21–45) 26.3 ± 6.2b (16–40) 28.6 ± 5.6b (17–35) 18.4 ± 5.3c (10–28) 18.2 ± 2.7c (12–21)
C4 Cranial edge 34.9 ± 7.5a (22–51) 28.1 ± 5.2a (18–38) 30 ± 43a (21–39) 17.9 ± 3.2c (13–25) 17.1 ± 2.9c (14–25)
 Caudal edge 36.6 ± 6.8a (23–46) 27.6 ± 5.8b (18–39) 29.5 ± 4.0a,b (23–35) 18.3 ± 2.5c (14–22) 19.8 ± 2.6c (15–25)
C5 Cranial edge 38.9 ± 6.1a (25–51)    28.9 ± 5.1a (18–36)    29.9 ± 2.2a (25–33) 20.8 ± 8.2c (13–48) 19.6 ± 1.8c (16–23)
 Caudal edge 37 ± 6.5a (26–53) 27.5 ± 6a (19–40)     28.5 ± 3.9a (21–35) 19.4 ± 5.3c (15–35) 19.4 ± 2.5c (15–24)
C6 Cranial edge 38.1 ± 6.8a (24–49) 34.1 ± 5a (18–33)     37.4 ± 2.2a (27–34)    19.3 ± 4.3c (9–25) 20.8 ± 1.7c (16–23)
 Caudal edge 37.5 ± 7.2a (24–52)     25.9 ± 8.2a (21–47)    30.2 ± 6.2a (28–48) 17.6 ± 4.1c (14–26) 19.7 ± 2.8c (17–25)
C7 Cranial edge 38.8 ± 7.5a (25–48)     28.7 ± 4b (16–29)    35.7 ± 3.9a (18–30) 19.8 ± 2.4c (13–21) 21.5 ± 2.3c (12–20)
 Caudal edge 32.9 ± 5.1a (27–47)     20.9 ± 6.1b (18–40)    23.4 ± 6b (28–47) 16.5 ± 3.9c (11–26) 15.3 ± 2.6c (17–27)

All dogs underwent MRI examination of the cervical vertebral column by the radiology service of the Veterinary Medical Center of The Ohio 
State University between January 2005 and February 2015. Doberman Pinschers and Great Danes with and without CSM were evaluated as part of 
other prospective studies.11,14,20 All small-breed dogs were clinical patients with neurologic abnormalities and had to be free of extensive abnormali-
ties that could affect the diameter of the spinal cord (eg, myelitis or syringohydromyelia), space-occupying lesions of the vertebral canal, and spinal 
cord hyperintensity that spanned > 1 intervertebral space to be included in the study. At each location, the vertebral canal area and spinal cord 
area were measured on the same transverse T2-weighted MRI image. The percentage of the vertebral canal area occupied by the spinal cord was 
calculated by dividing the vertebral canal area by the corresponding vertebral canal area, then multiplying the quotient by 100%. 

a–cWithin a row, values with different letters differ significantly (P < 0.001).

Table 2—Mean ± SD (range) percentage of the vertebral canal height occupied by the spinal cord at the cranial and caudal edges 
of each vertebra from C3 to C7 for the dogs of Table 1.

   Small-breed  Doberman   Clinically normal  Great Danes  Clinically normal
Vertebra Location dogs Pinschers with CSM Doberman Pinschers  with CSM Great Danes

C3 Cranial edge 52.1 ± 7.9* (39–69) 47 ± 5.4* (34–55) 48.7 ± 4.4* (35–54) 49 ± 6.6* (43–66) 51.5 ± 5* (42–61)
 Caudal edge   51.4 ± 7.7a (42–68)  46.6 ± 5.9a,b (34–55)  43.9 ± 5.6b (41–63) 50.6 ± 5.1a (42–61) 49.7 ± 7.3a,b (45–71)
C4 Cranial edge     52.4 ± 7.9a† (41–7.1) 46.7 ± 3.8b† (41–53) 46.3 ± 3.9b† (39–52) 52.6 ± 7.7a† (43–69) 53.1 ± 4.6a† (46–61) 
 Caudal edge 52.1 ± 8.1a,b (41–68) 45.3 ± 4.9b (38–57) 46.1 ± 6.2b (38–56) 53.7 ± 5.7a (43–61) 54.4 ± 4.6a (45–60)
C5 Cranial edge     56.4 ± 7.5a,b‡ (40–70) 47.5 ± 4.6b‡ (40–5.9) 47.7 ± 3.8b‡ (40–55) 55 ± 5.7a‡ (42–60) 55.2 ± 3.3a‡ (50–62)
 Caudal edge     55.1 ± 8.3a (44–71) 47.1 ± 5.8b (37–57) 47.1 ± 4.9b (38–58) 55.5 ± 6.8a (42–68) 55 ± 4.6a (46–64)
C6 Cranial edge 55.4 ± 8.3a (45–70) 49.4 ± 4.2b (41–58) 49.9 ± 3.5b (42–55) 55.1 ± 4.6a (42–61) 55.7 ± 3.8a (49–61)
 Caudal edge    55.4 ± 8.4a (41–71) 49.6 ± 4b (42–55) 47.1 ± 4.4b (40–56) 54.3 ± 5.2a (44–62) 54.5 ± 4.2a (49–64)
C7 Cranial edge 55 ± 7a,b§ (41–66) 46.7 ± 6.1b§ (34–52) 49.2 ± 5.8a,b§ (34–53) 52.8 ± 5.1a§ (38–62) 52.9 ± 5.8a§ (41–60)
 Caudal edge 52 ± 6.2a,b (43–65) 44 ± 5b (37–53) 43.1 ± 4.1b (40–55) 51.2 ± 6a (43–64) 51.9 ± 4.5a (42–60)

At each location, the vertebral canal height and spinal cord height were measured on the same sagittal T2-weighted MRI image. The percentage 
of the vertebral canal height occupied by the spinal cord was calculated by dividing the vertebral height by the corresponding spinal cord height, then 
multiplying the quotient by 100%. Mean percentages were compared among groups with 1-factor multivariate ANOVA, and pairwise comparisons 
among groups were performed with the Tukey multiple comparison test. 

*P = 0.1509; †P = 0.0004; ‡P = 0.0001; §P = 0.0023.
See Table 1 for remainder of key.

http://avmajournals.avma.org/doi/suppl/10.2460/ajvr.79.1.83
http://avmajournals.avma.org/doi/suppl/10.2460/ajvr.79.1.83
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of vertebral canal height occupied by the spinal cord 
for Great Danes was generally greater than that for 
Doberman Pinschers (Table 2; Supplementary 
Figure S2, available at avmajournals.avma.org/doi/
suppl/10.2460/ajvr.79.1.83) but usually did not differ 
significantly from that for small-breed dogs. Overall, 
neither the mean percentage of vertebral canal area 
nor height differed significantly between Doberman 
Pinschers with and without CSM or between Great 
Danes with and without CSM.

Discussion
In the present study, the percentage of the ver-

tebral canal area and height occupied by the spinal 
cord at the cranial and caudal aspects of each verte-
bra from C3 to C7 was compared among small-breed 
dogs (body weight, < 15 kg), Doberman Pinschers 
with and without CSM, and Great Danes with and 
without CSM. The primary purpose for the study 
reported here was to determine whether the spinal 
cord of Doberman Pinschers and Great Danes (2 
dog breeds that commonly develop CSM) occupies 
a greater proportion of the vertebral canal than the 
spinal cord of small-breed dogs (ie, dogs that rarely 
develop CSM). Given that vertebral canal stenosis is 
considered a contributing factor to the development 
of CSM, we hypothesized that the percentage of the 
C3-C7 vertebral canal occupied by the spinal cord 
in Doberman Pinschers and Great Danes would be 
greater than that in small-breed dogs. However, re-
sults indicated that the mean percentage of the C3-C7 
vertebral canal occupied by the spinal cord was great-
est for small-breed dogs and did not differ between 
dogs of the same breed that did and did not have 
CSM. Thus, the percentage of the vertebral canal oc-
cupied by the spinal cord, although positively associ-
ated with the extent of vertebral canal stenosis, may 
not have a primary role in the pathogenesis of CSM.

In human patients with cervical spondylotic my-
elopathy (the equivalent of CSM in dogs), absolute or 
relative stenosis of the vertebral canal is considered 
the main static factor that contributes to the devel-
opment of clinical signs.22 Stenosis of the cervical 
vertebral canal is also believed to play a role in the 
pathogenesis of CSM in dogs,1,2 either as the primary 
cause of compression of neural structures in absolute 
stenosis16 or as a contributing factor in relative steno-
sis,2 where a stenotic canal results in less space avail-
able for the spinal cord, which predisposes the spinal 
cord to compression.17 Therefore, we expected that 
the percentage of the vertebral canal occupied by the 
spinal cord for dogs of breeds predisposed to develop-
ing CSM would be greater than that for dogs of breeds 
that rarely develop CSM, thereby making them more 
sensitive to relative or absolute stenosis of the verte-
bral canal. However, our results did not support that 
supposition. In fact, the mean percentage of the ver-
tebral canal area occupied by the spinal cord for both 
clinically normal and CSM-affected Great Danes was 
significantly lower than that for Doberman Pinschers 

with and without CSM and small-breed dogs, which 
suggested that of the dogs evaluated, Great Danes had 
the greatest amount of vertebral canal space available 
for the spinal cord.

Overall, the mean percentage of the vertebral ca-
nal area occupied by the spinal cord for Doberman 
Pinschers with and without CSM was greater than 
that of Great Danes. Moreover, the mean percent-
age of the vertebral canal area occupied by the spi-
nal cord did not differ between small-breed dogs and 
Doberman Pinschers with CSM at the cranial edge of 
C4, cranial and caudal edges of both C5 and C6, or be-
tween small-breed dogs and clinically normal Dober-
man Pinschers at all locations evaluated except the 
caudal edges of C3 and C7. Results of another study23 
involving CT evaluation of the cervical vertebral ca-
nal and spinal cord morphometry in clinically nor-
mal dogs indicate that German Shepherd Dogs have 
more vertebral canal space available for the spinal 
cord than do small-breed dogs, which may suggest 
that, relative to their size, Doberman Pinschers have 
less space available for the spinal cord than other 
large-breed dogs. In yet another study,19 Doberman 
Pinschers had less space available for the spinal cord 
than English Foxhounds at all investigated sites (C5 
to C7), although that difference was significant only 
between Doberman Pinschers with CSM and English 
Foxhounds at C7.

Absolute12–14 and relative11 stenosis have been ob-
served in dogs with CSM1 as well as clinically nor-
mal Dobermans19 and Great Danes.13,14 However, the 
fact that the percentage of the vertebral canal area 
occupied by the spinal cord was generally lowest for 
Great Danes and the overall lack of a significant dif-
ference in that measurement between the Doberman 
Pinschers and small-breed dogs of the present study 
suggested that vertebral canal stenosis alone may not 
have a primary role in the pathogenesis of CSM. It is 
possible that the biomechanical behavior of the verte-
bral canal and spinal cord are more directly involved 
with the development of clinical signs of CSM than is 
a stenotic vertebral canal.

Results of a cadaveric study15 of large-breed 
dogs with and without degenerative disk disease 
indicate that the diameter of the caudal portion (C4 
through C7) of the cervical vertebral canal, which 
was defined as the vertebral foramina and soft tis-
sue components, decreases significantly during ex-
tension and may cause dynamic spinal cord com-
pression and clinical signs when associated with 
vertebral canal stenosis. However, given that the 
spinal cord occupied a smaller percentage of the 
vertebral canal in Great Danes and the mean per-
centage of the vertebral canal occupied by the spi-
nal cord was similar between Doberman Pinschers 
and small-breed dogs in the present study, further 
investigation of the biomechanics of the vertebral 
canal and spinal cord in dogs with CSM is neces-
sary to elucidate a possible relationship between 
stenosis of the vertebral canal and dynamic com-

http://avmajournals.avma.org/doi/suppl/10.2460/ajvr.79.1.83
http://avmajournals.avma.org/doi/suppl/10.2460/ajvr.79.1.83
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pression of the spinal cord as it pertains to clinical 
signs of the disease.

The overall difference in the percentage of the 
vertebral canal occupied by the spinal cord among 
dogs of different sizes also suggests that Doberman 
Pinschers and Great Danes have a proportionately 
smaller spinal cord, compared with dogs of other 
breeds because the height and width of their cervi-
cal vertebral canal is decreased relative to their body 
size.18 This apparent decrease in spinal cord size may 
be a consequence of necessary adaptations, such as 
a decrease in vertebral canal diameter owing to an 
increase in pedicle width necessary for a greater load-
ing capacity.18

In the present study, the mean percentage of ver-
tebral area occupied by the spinal cord did not differ 
significantly between Great Danes with and without 
CSM or between Doberman Pinschers with and with-
out CSM, except for the mean percentage at the cra-
nial edge of C7, which was unexpectedly greater in 
clinically normal Doberman Pinschers. Prior to this 
study, the percentage of vertebral canal area occu-
pied by the spinal cord in Great Danes had not been 
reported; however, the results of this study were con-
sistent with findings of other studies in which the 
percentage of the vertebral canal occupied by the spi-
nal cord did not differ between Doberman Pinschers 
with and without CSM at C2 to C711 or C5 to C7.19 
Dogs with CSM may have a smaller spinal cord than 
clinically normal dogs, possibly because of atrophy 
or Wallerian degeneration,11,19 which, in conjunction 
with an overall stenotic vertebral canal,16 might have 
prevented us from identifying a significant difference 
in the percentage of the vertebral canal occupied by 
the spinal cord between dogs with and without CSM. 
However, that proposed mechanism conflicts with 
our subjective impression that dogs with CSM have 
less space available for the spinal cord than clinically 
normal dogs. Interestingly, in another study,24 there 
was no correlation between the subjective assess-
ment of vertebral canal stenosis and the percentage 
of space occupied by the spinal cord at the interver-
tebral spaces of the cranial portion of the thoracic 
vertebral column of large- and giant-breed dogs.

The mean percentage of vertebral canal height 
occupied by the spinal cord for Great Danes was gen-
erally significantly greater than that for Doberman 
Pinschers but did not differ significantly from that for 
small-breed dogs at any of the locations evaluated in 
this study. That finding appears to disagree with the 
results of another study25 in which larger dogs were 
reported to have more space available for the spinal 
cord than small dogs as determined by measurement 
of the mid-vertebral occupancy of the vertebral ca-
nal by the spinal cord at T4, T9, and L3 on sagittal 
MRI images. Breeds were not reported for the dogs 
of that study.25 A myelographic study26 of the cranial 
portion of the cervical vertebral column likewise in-
dicated that the space available for the spinal cord 
was greater in large-breed dogs, compared with that 

in small-breed dogs, although the large-breed dogs in 
that study consisted primarily of German Shepherd 
Dogs and Rottweilers. In a study18 of purebred dogs 
of breeds predisposed to compression of the cervical 
spinal cord, the mean vertebral canal diameter was 
smallest for Great Danes and greatest for Rottweilers; 
therefore, differences in the amount of space avail-
able for the spinal cord should be expected among 
dogs of specific breeds, even when dogs of those 
breeds are of similar size.

Previous studies in which the proportion of the 
cervical vertebral canal occupied by the spinal cord 
was measured involved evaluation of myelographic 
images,26 which have limited detail that adversely af-
fects accuracy of measurements, or transverse MRI 
images.11,16,19 However, none of those studies11,16,19,26 
compared that measurement among dogs of breeds 
with varying sizes. In 1 study23 that involved evalua-
tion of transverse CT-myelographic images, the size 
of the spinal cord and vertebral canal were compared 
between 8 clinically normal small-breed dogs (2 Shih 
Tzus, 2 Miniature Schnauzers, and 4 mixed-breed 
dogs) and only 4 German Shepherd Dogs.

Limitations of the present study were primarily 
associated with its retrospective nature, such as the 
small number of small-breed dogs of various breeds 
evaluated and the fact that all of those dogs had 
neurologic abnormalities. For the small-breed dogs, 
the angle used to obtain transverse images was not 
standardized, and transverse images were routinely 
obtained only for regions of the cervical vertebral 
column that were likely to have abnormalities, which 
limited the number of images available for review for 
that group. A prospective study would be necessary 
to increase the study population. Such a study should 
use standardized MRI protocols and include clinical-
ly normal small-breed dogs of sufficient numbers to 
allow analysis by breed, along with other large- and 
giant-breed dogs with and without CSM for compari-
sons by body type and size.

Results of the present study indicated that the 
mean percentage of the C3-C7 vertebral canal area 
occupied by the spinal cord was greater for small-
breed dogs (body weight, < 15 kg), compared with 
that for Doberman Pinschers and Great Danes, and 
was lowest for Great Danes. This suggested that the 
percentage of the vertebral canal occupied by the 
spinal cord, although positively associated with the 
extent of vertebral canal stenosis, may not have a pri-
mary role in the pathogenesis of CSM. It is possible 
that the biomechanical behavior of the vertebral ca-
nal and its relationship with the spinal cord is more 
directly involved with the development of clinical 
signs of CSM than is a stenotic vertebral canal, and 
motion of the cervical vertebral column may differ 
on the basis of the breed or size of the dog. Further 
research is necessary to investigate biomechanical 
differences in the cervical vertebral column among 
various breeds of dogs, particularly breeds that are 
and are not commonly affected by CSM.
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