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CT myelography of the T11-L2 region was performed

in 8 large-breed dogs with a clinical diagnosis of

degenerative myelopathy (DM) and 3 large-breed dogs

that were clinically normal. CT myelographic characteristics

were recorded for each dog, at each disc level. Area

measurements of the spinal cord, dural sac, vertebral

canal, and vertebral body were recorded at 4 slice

locations for each disc level. Mean area ratios were

calculated and graphically compared, by slice location

and group. In all dogs, CT myelography identified

morphologic abnormalities that were not suspected from

conventional myelograms. Characteristics observed with

higher frequency in DM versus normal dogs were: spinal

stenosis, disc protrusion, focal attenuation of the

subarachnoid space, spinal cord deformity, small spinal

cord, and paraspinal muscle atrophy. Mean spinal

cord:dural sac, spinal cord:vertebral canal, dural sac:

vertebral canal, and vertebral canal:vertebral body ratios

were smaller in DM versus normal dogs at more than one

disc level. Some CT myelographic characteristics in DM

dogs were similar to those previously reported in humans,

dogs and horses with stenotic myelopathy.
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Introduction

Progressive paraparesis (hindlimb weakness) is a common

problem in large breed dogs [12] . A diagnosis of thoraco-

lumbar syndrome is made when the physical and neurologic

examinations are consistent with a T3-L3 spinal lesion. The

most common causes of progressive thoraco-lumbar syndrome

in large breed dogs include: intervertebral disk disease,

degenerative myelopathy, and diskospondylitis. Conventional

diagnostic tests for evaluating affected dogs include radiography,

myelography, and cerebrospinal fluid analysis [44]. If these

diagnostic tests rule out other causes for the clinical signs, a

presumptive diagnosis of degenerative myelopathy is given.

Degenerative myelopathy (DM) is a neurodegenerative

disorder that most commonly affects German Shepherds [2,

11,13,34,41,42,44,51] . The disease has also been reported

in a family of Siberian Huskies [8], an adult Miniature

Poodle [37], Welsh Corgies [16], and a cat [38]. Clinical

signs of DM include progressive hindlimb ataxia, paraparesis,

and hindlimb muscle atrophy. Most dogs exhibit little or no

evidence of spinal hyperpathia. Research on possible treatments

for DM is ongoing, but there is currently no proven effective

treatment [15,16]. Most dogs are euthanized within one year

of diagnosis. Post-mortem histopathologic examination of

the spinal cord demonstrates varying degrees of axon and

myelin degeneration of the spinal cord white matter in all

segments. Lesions are most severe in the thoracic region [2,

28]. The pathophysiology of and triggering mechanisms for

DM remain incompletely understood. Proposed etiologies

have included selective vulnerability of the thoracic spinal

cord to some unknown insult [2], dying back axonopathy

[21], hereditary predisposition [8,10], immune-mediated

myelopathy [6,15,28,53], and vitamin B12 or E deficiency

[20].

Computed tomographic (CT) myelography has been found

to be more sensitive than myelography for characterizing

morphology of the spine in humans, horses, and dogs

[1,3,4,39,46]. The technique is considered to be particularly

helpful for diagnosing spinal cord atrophy, spinal stenosis,

and vertebral malformation/malarticulation [4,19,22,24~26,32,

33,36,39,40,45,46,48,50,55]. Cross-sectional area measurements

from CT images are a sensitive method for quantifying

spinal components [9,26,29,55]. The use of area ratios has

been found to help correct for differences in body sizes [29].

One report describing the plain CT morphology of the

thoraco-lumbar spine in normal German Shepherds was

found [17]. No reports were found describing the use of CT

myelography in dogs with DM. The objective of this study

was to describe the CT myelographic characteristics of the
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thoraco-lumbar spine in a group of dogs clinically diagnosed

with DM.

Materials and Methods

Sample population

The sample population for this prospective, observational

study consisted of 8 consecutive dogs with a clinical

diagnosis of degenerative myelopathy (DM) and 3 dogs that

were clinically normal. A board-certified veterinary neurologist

examined all dogs. Inclusion criteria for DM dogs included:

mature, non-chondrodystrophic, large-breed dog; history of

paraparesis for 2 weeks or longer; neurologic examination

findings consistent with thoraco-lumbar syndrome; absence

of severe hyperpathia; no or mild myelographic evidence of

spinal cord compression; no evidence of inflammation in the

cerebrospinal fluid; and client consent for CT myelography.

Dogs in the normal group were all mature large breed dogs

with no history of paraparesis, and no evidence of neurologic

deficits on physical examination. The Virginia Tech Institutional

Animal Care and Use Committee approved all study protocols.

Imaging protocols

Myelography in all dogs was performed using fluoroscopic

guidance. Non-ionic, iodinated contrast medium was injected

into the subarachnoid space at L4-5 or L5-6 and radiographic

exposures were made immediately following completion of

the injection (Omnipaque; Iohexol 240 mg/ml, 0.3~0.5 ml/

kg. Amersham Health, USA) [43] . For dogs meeting the

study inclusion criteria, CT of the T11-L2 region was

performed immediately following myelography using a

fourth generation CT scanner (Picker IQ/Xtra; Phillips

Medical Systems, USA).

Dogs were positioned in dorsal recumbency with the hind

limbs flexed to minimize curvature of the thoraco-lumbar

spine. The gantry was tilted as needed to maximize the

number of transverse slices that were perpendicular to the

vertebral canal (Fig. 1). Technique settings for all CT scans

were: 130 kVp, 440 mAs, 480 cm field size, 160 cm image

size, 5 mm slice thickness and 4 mm slice interval.

Qualitative analysis

A board-certified veterinary radiologist reviewed CT images

on the monitor of a reformatting computer workstation

(Picker Voxel Q Visualization Station; Philips Medical

Systems, USA). Oblique, multi-planar reformatting software

was used as needed to correct for transverse slice obliquity

and to generate sagittal and dorsal planar images. For each

dog and disc level, presence of the following CT

myelographic characteristics was recorded: spinal stenosis,

articular process osteoarthritis, dorsal longitudinal ligament

calcification, disc protrusion, loss of epidural fat, attenuated

subarachnoid space, enlarged subarachnoid space, spinal

cord deformity, small spinal cord, and paraspinal muscle

atrophy. Spinal stenosis was defined as narrowing of the

vertebral canal/foramina due to thickened lamina, thickened

pedicles and/or bulbous articular processes [7,27,29,47,49,52].

Articular process osteoarthritis was defined as periarticular

osteophyte formation, subchondral sclerosis or articular

process remodelling [14]. Dorsal longitudinal ligament

calcification was defined as a linear mineral opacity in the

mid-ventral vertebral canal [23]. Disc protrusion was

defined as a ventral epidural mass continuous with the disc

margin [30]. Spinal cord deformity was defined as ventral

concavity in cord margin, unilateral flattening of cord

margin, lateral deformity on both sides of cord, and/or

triangle-shaped cord (spinal cord atrophy) [55]. Small spinal

cord was defined as a localized decrease in cord size visible

in at least 2 image planes. Paraspinal muscle atrophy was

defined as small and heterogenous multifidus muscles [18].

Fig. 1. Lateral pilot CT image demonstrating patient positioning
and locations of T11-L2 transverse slices.

Fig. 2. Transverse CT image demonstrating ROI tracings used to
calculate areas for the spinal cord (sc), dural sac (ds), vertebral
canal (vc), and vertebral body (vb).
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Quantitative analysis

Using the same workstation as that used for qualitative

analysis, two operators (TW, KB) performed area measurements

using hand-traced regions of interest and the CT computer’s

software for area calculations. For all measurements, images

were displayed using a 1000 window width, 400 window

level and 3X zoom factor. Area measurements of the spinal

cord (SC), dural sac (DS), vertebral canal (VC), and

vertebral body (VB) were made at 4 slice locations for each

disc level (mid-body, caudal pedicle, mid-disc, and cranial

pedicle) (Fig. 2) [9,17,26,29]. Mean area ratios (SC:DS,

SC:VC, DS:VC, VC:VB) were calculated and graphically

compared, by slice location and group [29].

Results

Sample population

Clinical characteristics in our sample population of DM

dogs were consistent with those described in previous

reports (Table 1) [2,8,11,15,21,28,42,51]. For 6 DM dogs,

there was no myelographic evidence of spinal cord

compression. For 2 DM dogs, myelographic evidence of

mild extradural compression was noted by the veterinary

radiologist on duty but was considered to be clinically

insignificant. By client request, one DM dog was euthanized

immediately following the CT examination and the body

was submitted for postmortem examination. Histopathology

of several segments of the thoracic spinal cord revealed

vacuolation of white matter tracts with axonal loss in all

funiculi. A board-certified veterinary pathologist interpreted

these findings to be consistent with DM.

Qualitative findings

In all DM dogs, CT myelography identified morphologic

abnormalities in the thoraco-lumbar spine that were not

suspected from conventional myelogram images. CT

myelographic characteristics observed with higher frequency

in DM versus normal dogs were: spinal stenosis, disc

protrusion, attenuation of the subarachnoid space, spinal

cord deformity, small spinal cord, and paraspinal muscle

Table 1. Clinical characteristics of sample population

Clinical characteristic Degenerative myelopathy (n=8) Normal (n=3)

Breed 6 German shepherd
1 Boxer
1 Mixed

3 Mixed

Sex 1 Male
5 Male neutered
1 Female
1 Female neutered

2 Female
1 Male

Age (yr) 6~11 1~3

Weight (kg) 22.7~42.3 20~25

Duration of clinical signs 2 wks~18 mo NA

Pelvic limb proprioceptive ataxia 8 Present 3 Absent

Ambulatory paraparesis 6 Present
2 Absent

3 Absent

Non-ambulatory paraparesis 2 Present
6 Absent

3 Absent

Pelvic limb spinal reflexes 3 Normal 
3 Increased
1 Clonus
1 Decreased (patellar)

3 Normal

Pelvic limb postural reactions, right 2 Normal
4 Decreased
2 Absent

3 Normal

Pelvic limb postural reactions, left 2 Normal
4 Decreased
2 Absent

3 Normal

Thoraco-lumbar spinal hyperpathia 6 Absent
1 Mild
1 Moderate

3 Absent

Myelogram findings 6 No visible compression
2 Mild extradural compression

3 Normal

Cerebrospinal fluid  (nucleated cell count/µl) 0~6 (Reference range < 5) Not examined

Cerebrospinal fluid protein (mg/dl) 21~49 (Reference range < 45) Not examined
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atrophy (Table 2 and Fig. 3~6). Enlargement of the

subarachnoid space was observed with higher frequency in

normal versus DM dogs. Loss of epidural fat was seen with

a high frequency in both DM and normal dogs. Dorsal

longitudinal ligament calcification, and articular process

osteoarthritis were observed with low frequency in DM

dogs and were absent in normal dogs.

Quantitative findings

Mean spinal cord: dural sac area ratios for DM dogs were

numerically smaller than those for normal dogs at the T12-

13 disc and from mid L1 to mid L2 (Fig. 7). Mean spinal

cord : vertebral canal ratios were smaller from mid-T12 to

mid-L2 (Fig. 8). Mean dural sac:vertebral canal ratios were

smaller from mid T11 to cranial L2 (Fig. 9). Mean vertebral

canal:vertebral body ratios were smaller at the T11-12 disc,

mid T12, T12-13 disc, T13-L1 disc to mid L1, cranial L2,

and mid L2 (Fig. 10).

Discussion

The CT myelography procedure was easy to perform and

revealed morphologic abnormalities in DM dogs that were

not suspected from the conventional myelogram images.

The procedure could be performed immediately following

myelography, without the need for an additional anesthetic

episode. Loss of epidural fat and enlargement of the dorsal

Table 2. Frequencies of CT myelographic abnormalities observed at 4 thoraco-lumbar disc levels in 8 dogs with chronic paraparesis and
3 normal dogs

CT myelographic characteristic
Degenerative myelopathy Normal

Obs (n=32) % Obs (n=12) %

Endplate bone spurs 01 03.1 0 0.

Spinal stenosis 26 81.3 5 41.7

Articular process osteoarthritis 03 09.4 0 0.

Dorsal longitudinal ligament calcification 04 01.3 0 0.

Disc protrusion 21 65.6 3 25.0

Loss of epidural fat 31 96.9 120 100.00

Attenuated subarachnoid space 24 75.0 5 41.7

Enlarged subarachnoid space 18 56.5 100 83.3

Spinal cord deformity 26 81.3 6 50.0

Small spinal cord 26 81.3 3 25.0

Paraspinal muscle atrophy 32 100.00 0 0.

Fig. 3. Transverse CT images obtained at caudal T12, demonstrating
normal spinal cord (A) and spinal cord deformity (B). Enlargement
of the dorsal subarachnoid space is evident in both images.

Fig. 4. Mid-sagittal CT images of the T11-L2 spine, demonstrating
normal spinal cord (A) and small spinal cord (B) with spondylosis
deformans and disc protrusions at T12-13, L1-2, and L2-3.
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subarachnoid space were found to be common in normal

dogs. The clinical significance of such abnormalities is

therefore questionable. Loss of epidural fat may have been

due to a normal regional decrease in the size of the epidural

space in the canine thoraco-lumbar spine. Enlargement of

the dorsal subarachnoid space may have been due to dorsal

positioning of the dogs and gravity-dependent accumulation

of contrast medium. Morphologic characteristics such as

spinal stenosis, disc protrusion, focal attenuation of the

subarachnoid space, spinal cord deformity, small spinal

cord, and paraspinal muscle atrophy were found to be

common in DM dogs. Area ratios for spinal cord: dural sac,

spinal cord:vertebral canal, dural sac:vertebral canal and

Fig. 5. Transverse CT images obtained at L1-2, demonstrating
normal paraspinal muscles (A) and paraspinal muscle atrophy (B).

Fig. 6. Transverse CT images obtained at L1-2, demonstrating
normal vertebral canal (A) and spinal stenosis (B) with loss of
ventral epidural fat, decreased subarachnoid space, deformed
spinal cord, and small spinal cord.

Fig. 7. Mean spinal cord: dural sac area ratios for DM and
normal dogs, by slice location and disc level.

Fig. 8. Mean spinal cord: vertebral canal area ratios for DM and
normal dogs, by slice location and disc level.

Fig. 9. Mean dural sac: vertebral canal area ratios for DM and
normal dogs, by slice location and disc level.
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vertebral canal:vertebral body were also numerically smaller

at more than one slice location in DM dogs. These

characteristics are similar to those previously reported in

humans, dogs, and horses with chronic spinal cord

compression and spinal cord atrophy, stenotic or spondylotic

myelopathy [4,7,22,24,36,39,46,54,55]. Yu et al. [55]

described qualitative and quantitative CT myelographic

characteristics of the cervical spine in 69 human patients

with cervical stenotic myelopathy and/or cervical stenotic

radiculopathy. They concluded that CT myelographic evidence

of a small, deformed spinal cord with an unattenuated dural

sac was a sensitive indicator of spinal cord atrophy. They

developed a classification system for describing CT

myelographic severity of spinal cord deformity: type A

(central cord deformity), type B (unilateral cord deformity),

type C (lateral deformity on both sides of the cord) and type

D (spinal cord atrophy). Using this classification system,

they found that severity of spinal cord deformity was

significantly correlated with poor post-operative outcome.

Sharp et al. described the CT myelographic characteristics

of the cervical spine in 8 Doberman Pinschers with caudal

cervical spondylomyelopathy, Wobbler’s syndrome [46].

They found that cervical spinal cord shape abnormalities in

affected dogs appeared similar to those described in humans

by Yu et al. [55]. The cord shape was flattened in

moderately atrophic regions, triangular in severely atrophic,

and focally compressed at locations with disc protrusion.

They found that type classifications of cord deformities

matched well with surgical findings in the 6 dogs that

underwent surgical decompression. In 4 dogs, the spinal

cord shape abnormalities persisted after successful surgical

decompression. Jones et al. [29] measured areas of the

spinal canal and vertebral bodies in 21 dogs with lumbosacral

stenosis and 21 normal dogs. They found that vertebral

canal area was significantly correlated with vertebral body

area in normal dogs. Vertebral canal:vertebral body ratios

for dogs with clinical signs of lumbosacral stenosis

significantly differed from those of normal dogs. Moore et

al. [39] described CT myelographic characteristics of the

cervical spine in 6 horses with cervical stenotic myelopathy.

Computed tomographic myelography correctly identified all

10 spinal cord compressive lesions that were confirmed by

postmortem histopathology. The most common morphologic

abnormality was circumferential compression of the dural

sac due to malformed articular processes. Both central and

lateral spinal cord deformities were also identified.

We propose two possible theories to explain the

significance of the CT myelographic characteristics observed

in our DM dogs. It is possible that clinical signs in some

dogs were primarily caused by chronic spinal cord

compression and spinal cord atrophy rather than DM.

Barnett et al. [7] described chronic progressive lower limb

dysfunction due to thoracic spinal stenosis in 6 human

patients. In 4 patients, deficits developed gradually and were

not associated with back pain. In all patients, conventional

myelography was considered to be of limited value. Authors

concluded that CT or MRI were more useful in the

diagnosis. In one case, MRI was inconclusive and CT

successfully demonstrated the cause and location of

stenosis. In a published abstract, Bagley proposed that some

dogs diagnosed with DM based on clinical signs and

myelography may actually have under-recognized chronic,

type II disc disease [5]. When these dogs were imaged with

MRI, he reported that was not uncommon to see disc

protrusion even though the myelographic examination was

normal. He theorized that, although the actual spinal cord

compression appeared minimal, there may have been

significant intraspinal disease due to chronic ischemia.

Marsala et al. [35] experimentally created mild, multi-level

compression of the caudal portion of the dural sac and

adjacent nerve roots in 11 dogs. Nine days after application

of the compression, they performed histopathology of the

compressed segments. Antegrade degeneration was seen in

all sacrococcygeal and L7 dorsal root fibers in the S1-S3 and

lower lumbar segments of the spinal cord. Retrograde

degeneration of the motor neurons was seen in the

ventrolateral portion of the S1-3 segments. It is also possible

that clinical signs in our dogs were due primarily to DM and

that the thoraco-lumbar morphologic abnormalities were

incidental. Jones et al. [31] described CT findings in the

lumbosacral spine of 6 geriatric large breed dogs presented

for problems unrelated to the lumbosacral spine. The most

common abnormalities identified were spinal stenosis, loss

of vertebral canal epidural fat, and nerve tissue displacement.

Less common abnormalities were vertebral canal or foraminal

bone proliferation, loss of intervertebral foramen fat, vertebral

canal disc bulging, degenerative articular process joint

disease, transitional vertebra, dural ossification, foraminal

disc bulging, Schmorl’s nodes, calcified extruded disc

fragment, and sacroiliac joint osteophytes.

In conclusion, findings indicate that conventional diagnostic

tests may underestimate the extent of morphologic abnormalities

Fig. 10. Mean vertebral canal: vertebral body area ratios for DM
and normal dogs, by slice location and disc level.
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in the thoraco-lumbar spine of dogs with a clinical diagnosis

of DM. For such dogs, CT myelography is a feasible technique

for performing additional qualitative and quantitative analysis

of thoraco-lumbar morphology. Some CT myelographic

characteristics in dogs with DM are similar to those

previously reported in humans, dogs, and horses with

chronic spinal cord compression and spinal cord atrophy.

Future studies using a larger number of symptomatic and

asymptomatic dogs are needed to determine whether

associations between CT myelographic characteristics,

clinical characteristics, and histopathology are statistically

significant.
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