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Eighteen Doberman pinscher dogs with clinical signs of cervical spondylomyelopathy (wobbler syndrome)
underwent cervical myelography and magnetic resonance (MR) imaging. Cervical myelography was performed
using iohexol, followed by lateral and ventrodorsal radiographs. Traction myelography was performed using a
cervical harness exerting 9 kg of linear traction. MR imaging was performed in sagittal, transverse, and dorsal
planes using a 1.5 T magnet with the spine in neutral and traction positions. Three reviewers independently
evaluated the myelographic and MR images to determine the most extensive lesion and whether the lesion was
static or dynamic. All reviewers agreed with the location of the most extensive lesion on MR images (100%),
while the agreement using myelography was 83%. The myelogram and MR imaging ﬁndings agreed in the
identiﬁcation of the affected site in 13–16 dogs depending on the reviewer. MR imaging provided additional
information on lesion location because it allowed direct examination of the spinal cord diameter and parenchyma. Spinal cord signal changes were seen in 10 dogs. Depending on the reviewer, two to four dogs had their
lesions classiﬁed as dynamic on myelography but static on MR images. Myelography markedly underscored the
severity of the spinal cord compression in two dogs, and failed to identify the cause of the signs in another. The
results of this study indicated that, although myelography can identify the location of the lesion in most patients,
MR imaging appears to be more accurate in predicting the site, severity, and nature of the spinal cord
compression. Veterinary Radiology & Ultrasound, Vol. 47, No. 6, 2006, pp 523–531.
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Introduction

namic lesions, considered fundamental for surgical planning.1,9 Recently, a traction MR imaging technique was
described in dogs.10 Kinematic MR imaging, using ﬂexion,
extension, and traction positions, has also been reported in
humans.11–13
There are several reports comparing myelography and
MR imaging in cervical spondylotic myelopathy and other
spinal disorders in humans,14–23 but no reports have been
found comparing these imaging modalities in animals. The
purposes of this investigation were to compare cervical
myelography vs. MR imaging prospectively in Doberman
pinscher dogs with clinical signs suggestive of cervical
spondylomyelopathy, and to determine how traction MR
imaging studies compare with traction myelographic studies in characterizing lesions as static or dynamic.

C

ERVICAL SPONDYLOMYELOPATHY, also known as wobbler syndrome, is a common spinal cord disease of
large and giant-size dogs.1 The Doberman pinscher is the
breed most commonly affected.2,3 Myelography has been
the diagnostic method of choice for cervical spondylomyelopathy for many years and recent textbooks continue to
recommend myelography as diagnostic modality of
choice.4–6 In humans, however, magnetic resonance (MR)
imaging is considered the best imaging technique for the
evaluation of cervical spondylotic myelopathy.7,8
Dynamic or kinematic studies are commonly performed
with myelography (traction myelography). These studies
allow a distinction between the so-called static and dy-
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Material and Methods
Eighteen Doberman pinscher dogs with clinical signs
suggestive of cervical spondylomyelopathy were studied
prospectively. All dogs were presented to the Small Animal
Clinic of the Ontario Veterinary College, University of
Guelph, during an 18-month period between June 2003
and November 2004. The investigation was conducted in
accordance with the guidelines of and upon approval of
the Animal Care Committee of the University of Guelph
and the Canadian Council of Animal Care. Physical and
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neurologic examinations, complete blood count, and biochemistry proﬁle were performed in all dogs. Eight dogs
were tested for von Willebrand’s disease using an EnzymeLinked immunosorbent assay for von Willebrand factor in
the plasma. Twelve dogs were tested for hypothyroidism
with a panel measuring the serum concentration of total
T4, free T4, and thyroid-stimulating hormone. The range
of motion of the cervical spine was evaluated by inducing
voluntary movements laterally, dorsally, and ventrally,
using a food item. The time of onset of clinical signs and
the neurologic status of each dog was graded from 1 to 5
(modiﬁed from McKee et al.)24: Grade 1—cervical hyperesthesia only. Grade 2—mild pelvic limb ataxia/paresis
with or without thoracic limb involvement. This degree of
ataxia could only be seen after careful gait evaluation. Paw
placement was usually consistent throughout most of the
evaluation. Grade 3—moderate pelvic limb ataxia/paresis
with thoracic limb involvement. This grade was characterized by a consistent and obvious ataxia from the beginning.
The dog would often mis-position his pelvic limbs with
abduction or adduction often during the gait exam. Grade
4—marked pelvic limb ataxia/paresis with thoracic limb
involvement. This ataxia was characterized by a severely
abnormal gait, with consistently abnormal foot placement
during gait analysis, usually associated with marked pelvic
limb weakness. Characteristically, the dogs were lower to
the ground in the rear end and would sink as they stood.
Grade 5—tetraparesis, unable to stand or walk without
assistance.
All dogs had normal cardiac assessment based on electrocardiogram and echocardiography before study enrollment.
Radiographs and myelography were performed under
general anesthesia. Survey lateral and ventrodorsal radiographs of the cervical spine were performed, followed by
myelography. Cerebellomedullary puncture was performed, allowing cerebrospinal ﬂuid collection and injection of iohexol, at a dosage of approximately 0.3 ml/kg,
attempting to use a maximal volume equal or less than
10 ml per dog. Following injection, the dogs were positioned in sternal recumbency with the head and neck extended for 3–5 min before obtaining lateral and
ventrodorsal radiographs of the cervical spine. Thereafter,
the linear traction myelographic study was performed
using a specially designed harness and 9-kg weight. Lateral
radiographs were made during the traction procedure.
For MR imaging, all dogs were anesthetized and positioned in dorsal recumbency. MR imaging was performed
using a 1.5 T magnetw and a cervical spine array coil. The
ﬁeld of view was constant for all dogs, at 25 cm in the
Omnipaque—Amersham Health, Oakville, ON, Canada.
wSigna Inﬁnity, Magnetom Vision, Siemens Canada, Mississauga,
ON, Canada.
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sagittal plane and 16 cm in the transverse plane. Two acquisitions (Nex) were obtained for each imaging sequence.
A matrix size of 256  256 was used for all sections and
the slice thickness was 3 mm with no interslice gap for all
sequences. The following settings (repetition time [TR] ms,
echo time [TE] ms) were used for sagittal images: T1
(TR ¼ 600, TE ¼ 20), turbo spin echo (TSE) T2
(TR ¼ 4620, TE ¼ 120, echo train length ¼ 5), and proton
density (PD) (TR ¼ 4620, TE ¼ 20). Images were acquired
in the transverse plane using T1, T2, PD, and gradient echo
(fast low-angle shot—FLASH–TR ¼ 672, TE ¼ 15, and a
ﬂip angle of 301), combined with magnetization transfer
(MT) with and without intravenous gadoliniumz injection
at a dosage of 0.1 mmol/kg. The imaging settings for T1-,
T2-, and PD-weighted images were similar to those used in
the sagittal plane. The dorsal plane images were acquired
with T1-weighted images only. After acquisition of all
image sequences with the cervical area in the neutral position, a linear traction study was performed in the same
way as described for myelography. The traction study was
acquired with sagittal TSE T2-weighted images. The area
of imaging extended from the ﬁrst cervical vertebra (C1) to
the second thoracic vertebra (T2). The transverse slices
were set parallel to each intervertebral disc and arranged to
pass through the center of the discs and the cranial and
caudal vertebral end plates. Each intervertebral disc region
had ﬁve transverse sections, so that for each dog 30 transverse images were obtained in each imaging sequence (T1,
T2, PD, gradient echo FLASH, and MT with and without
Gd-DTPA), resulting in a total of 150 images of the transverse plane per dog. To avoid variations in image interpretation, all images were printed using a laser ﬁlm printer
at a magniﬁcation of 1.25 times. A 5  4 format was used
for the transverse images and a 4  3 format for the
sagittal plane images.
Three reviewers analyzed and classiﬁed the myelogram
and MR images independently. Each reviewer was asked to
determine the site of the main lesion(s) and whether the
lesion was static or dynamic using nontraction and traction
views. Lesions were deﬁned as static when the compression
remained upon linear traction, and as dynamic when lesions disappeared upon traction.
On lateral myelography, the site with the most severe
extradural compression resulting in the smallest dorsoventral diameter between the dorsal and ventral contrast columns was used to deﬁne the main lesion. The same
criterion of extradural compression was used for the ventrodorsal myelographic images. The reviewers evaluated
both the lateral and ventrodorsal myelographic images in
conjunction to determine the location of the main lesion.
The spinal cord region with the smallest dorsoventral or
lateral diameter on the sagittal and transverse MR images,
zMagnevist, Berlex Canada Inc., Lachine, QC, Canada.
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with or without spinal cord signal changes, was considered
the main lesion on MR images. When two sites of spinal
cord compression were seen on the MR images, the one
with spinal cord signal changes was deemed the most important.
Spinal cord signal changes were evaluated on the sagittal
T2- and T1-weighted images. Abnormal spinal cord signal
changes were classiﬁed as hyperintense or hypointense,
comparing the area of abnormal signal intensity with the
normal spinal cord signal intensity cranial and caudal to
the abnormal area. Each intervertebral disc was classiﬁed,
based on signal intensity changes on T2 mid-sagittal
weighted images, as normal, partially degenerated, or completely degenerated. A normal signal was assumed when
the disc had a uniform high signal, partial degeneration
was assumed when part of the disc had evidence of hypointensity, and total disc degeneration was assumed when
the entire disc was hypointense. Foraminal stenosis was
evaluated on the gradient echo FLASH with MT post-GdDTPA transverse images centered at the disc space. Foraminal stenosis, a narrowing of the intervertebral foramina that may cause compression of the neurovascular
structures entering and leaving the spinal cord and vertebral canal, was subjectively classiﬁed as absent, mild, moderate, or severe, based on the size and shape of the
foramina. The decision as to whether it was normal or
stenotic was based on knowledge of the expected normal
morphologic appearance at a given level. The presence of
abnormal vertebral position (tipping) and spondylosis were
evaluated using radiographs and MR images.
Statistical analysis was performed using the k test to
compare the agreement for the location of the main lesion
and the lesion characteristic (static or dynamic) on myelogram and MR images among reviewers. The k test was also
used to compare the agreement between myelogram and
MR imaging ﬁndings regarding the main lesion location
and characteristic for each reviewer. Kappa statistics are
divided into six categories to determine the closeness of
comparisons as follows: poor (ko0.10), slight (0.11–0.20),
fair (0.21–0.40), moderate (0.41–0.60), substantial (0.61–
0.80), and almost perfect (0.81–1.0).25 Analyses were performed using the SAS Statistical Software (SAS user’s
guide. 6th ed. Cary, NC: SAS Institute Inc., 1997).

Results
Ten dogs were male and eight female, and they ranged in
age from 3 to 9 years (mean 6 years). Six dogs had an acute
onset of clinical signs, 10 dogs a chronic progression of
signs, and two dogs had an acute worsening of chronic
signs. Neurologically, they were graded as: grade 1, n ¼ 3;
grade 2, n ¼ 2; grade 3, n ¼ 4; grade 4, n ¼ 8; and grade 5,
n ¼ 1. Overall, 14 of 18 dogs (77%) had historical or clinical ﬁndings of cervical hyperesthesia characterized by a

525

low head carriage, restricted cervical motion, or vocalization upon cervical movement. A thoracic limb posture with
elbow abduction and internal rotation of digits (‘‘toe-in
posture’’) was observed in seven dogs. Twelve dogs had
asymmetric neurologic deficits, with right-side predominance in nine dogs and left-side predominance in three dogs.
Three out of the 12 dogs had markedly asymmetric neurologic deficits. Six out of eight dogs tested were positive
for von Willebrand’s disease, and eight out of 12 dogs
tested were diagnosed with hypothyroidism.
For two reviewers, there was substantial agreement
(16/18 dogs, k ¼ 0.76) between the myelogram and MR
imaging ﬁndings regarding the location of the main lesion.
For the third reviewer, there was less agreement between
the myelogram and MR images, with the main lesion being
in the same location in 13 out of 18 dogs, with k ¼ 0.60
(moderate agreement). For all three reviewers, the discrepancies occurred in two dogs where the main lesion was
located at C5–6 using myelography, but the spinal cord
compression associated with signal changes seen on MR
imaging indicated that the main lesion was at C6–7 (Fig.
1A–D). For the third reviewer, three other dogs had the
main lesion at C4–5 on myelography, but on the MR images the main lesion was identiﬁed at C5–6 (two dogs) and
C6–7 (one dog).
The k agreement among the three reviewers using MR
images for the location of the main compressive lesion was
100%, with k ¼ 1.0. Using myelography, the reviewers
agreed in 15 of 18 dogs (83%), with a k ¼ 0.65 (substantial
agreement).
Most lesions were classiﬁed as static on myelography,
ranging from 10 to 14 dogs depending on the reviewer, and
also as static on MR imaging, ranging from 12 to 16 dogs
depending on the reviewer. The most common discrepancy
was a lesion classiﬁed as dynamic on myelography but
static on MR images. This occurred in two to four dogs
depending on the reviewer. The three reviewers agreed as
to whether the lesion was static or dynamic in 10 out of 18
dogs (56%) using myelography, with k ¼ 0.33 (fair agreement), and in 12 out of 18 dogs (67%) using MR imaging,
with k ¼ 0.42 (moderate agreement). Many dogs with a
static lesion had a dynamic component, meaning that the
lesion improved but was still present. This was observed in
four to 14 dogs using myelography and in four to 13 dogs
using MR imaging depending on the reviewer.
In two dogs, the myelogram clearly underestimated the
severity of the lesion compared with the MR imaging ﬁndings. In one of these dogs, the myelogram gave an impression of a moderate ventrolateral, primarily dynamic,
compression, while in the MR images there was a severe
circumferential static spinal cord compression with spinal
cord atrophy and marked intramedullary signal changes,
characterized by hyperintensity and hypointensity in the
T2- and T1-weighted images, respectively (Fig. 2A–G). In

526

DA COSTA ET AL.

Fig. 1. Cervical myelogram and sagittal T2-weighted images of a 7-yearold, male Doberman pinscher dog with moderate ataxia (grade 3). (A) In the
pre-traction cervical myelogram, there is ventral extradural compression at
C5–6 and C6–7. The compression at C5–6 was assumed to be the main lesion
because of narrowing of the intervertebral disc space and a smaller diameter
between the dorsal and ventral aspect of the column of contrast medium. (B)
Posttraction cervical myelogram. There is improvement in both compressions, with the lesions being classiﬁed as dynamic. (C) Pretraction sagittal
T2-weighted image. There is partial intervertebral disc degeneration at C6–7,
with spinal cord compression and increased spinal cord signal intensity at the
same level. The compression at C6–7 was assumed to be the main lesion
based on the spinal cord signal changes. (D) Posttraction sagittal T2-weighted image. There is improvement in the spinal cord compressions. C7, seventh
cervical vertebrae.

the other dog, two compression sites were identiﬁed using
myelography and although one was assumed to be the
most important, questions still remained. Using MR imaging, the main spinal cord compression was clearly identiﬁable and it was possible to appreciate a very asymmetric
spinal cord compression not seen on the ventrodorsal
myelogram (Fig. 3A–F). Two dogs had a dorsal spinal
cord compression that could not be observed on myelog-
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raphy, but they were easily identiﬁed using MR imaging.
Another dog with cervical hyperesthesia only had a partial
compression of the subarachnoid space at C5–6 without
apparent spinal cord compression on myelography. The
MR image ﬁndings agreed with the myelogram in this dog
not showing spinal cord compression, but revealed disc
degeneration and foraminal stenosis at C5–6, which was
assumed to be the cause of the clinical signs (based on the
absence other MR image changes). In the three dogs with
marked asymmetry of clinical signs, the myelogram
showed asymmetric cord compression in one, but the compression was found to be contralateral to the main compression on MR images. Asymmetric cord compression
was readily observed in the transverse MR images in all
three dogs. Two out of these dogs had more severe clinical
signs opposite to the side of the main spinal cord compression seen on MR images.
The mean volume of iohexol injected was 10.2 ml (8.5–
13 ml) or 0.28 ml/kg. In only three dogs, more than 10.5 ml
of iohexol was used. Seizures occurred in ﬁve out of 18
dogs (28%) and transient worsening of the neurologic status occurred in six of 18 dogs (33%). The mean contrast
volume in the dogs with postmyelographic seizures was
10.0 ml (8.5–12 ml) or 0.28 ml/kg.
Ten out of 18 dogs (55%) had MR imaging signal
changes within the spinal cord. All dogs had spinal cord
hyperintensity in the T2-weighted images. Two dogs had
contrast enhancement in the spinal cord area of abnormal
signal intensity after gadolinium injection in the T1-weighted images. Signal changes within the spinal cord were observed in six out of eight dogs with marked ataxia (75%),
three out of four dogs with moderate ataxia (75%), and in
the dog with nonambulatory tetraparesis. Syringohydromyelia cranial or caudal to the compressive site was seen in
two dogs.
Based on the spinal cord signal changes and the smallest
spinal cord diameter seen on MR images, the main compressive lesion was found to be at C5–6 in seven dogs and
at C6–7 in 10 dogs. One dog with cervical hyperesthesia did
not have spinal cord compression but had foraminal stenosis at C5–6. Three dogs had more than one spinal cord
compression, one site appearing to be the primary site, with
the other(s) less severe. In two out of 18 dogs, the clinical
signs were opposite to the side of spinal cord compression.
The cause of the clinical signs was assumed to be associated with disc herniation, with or without concurrent soft
tissue or bone changes, in 16 out of the 18 dogs (89%).
Foraminal stenosis, and articular process impingement
causing bilateral spinal cord compression were assumed as
the cause of clinical signs in the other two dogs.
All 18 dogs had intervertebral disc degeneration on MR
images. In 16 dogs, it involved multiple discs, while in two
dogs it affected only one disc. Disc degeneration was seen
more commonly at C6–7 (17 dogs) and C5–6 (15 dogs).
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Fig. 2. Cervical myelogram and T2-weighted images of a 7-year-old, neutered male Doberman pinscher dog with severe ataxia (grade 4). (A) Pretraction
cervical myelogram. There is ventral extradural spinal cord compression at C6–7. (B) Posttraction cervical myelogram. There is improvement in the ventral
compression. Two reviewers classiﬁed this lesion as dynamic. (C) Ventrodorsal myelogram. There is bilateral extradural compression worse on the right. (D)
Pretraction sagittal T2-weighted image. There is ventral and dorsal spinal cord compression with marked spinal cord hyperintensity at C6–7. Intervertebral disc
degeneration is also seen at C6–7. (E) Posttraction sagittal T2-weighted image. There is minimal improvement in the extent of ventral spinal cord compression.
All reviewers classiﬁed the lesion as static. (F) Transverse T2-weighted image at the cranial region of the spinal cord compression. Note the bilateral spinal cord
compression with cord hyperintensity. (G) Transverse T2-weighted image at the central aspect of the cord compression. There is marked circumferential
compression and a small, atrophic spinal cord that is seen as an irregular area of hyperintensity (arrow). C7, seventh cervical vertebrae.
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Fig. 3. Cervical myelogram and T2-weighted images of a 9-year-old, female spayed Doberman pinscher dog with severe ataxia (grade 4). (A) Pretraction
cervical myelogram. There is ventral extradural spinal cord compression at C6–7 and splitting of the ventral aspect of the contrast medium column at C5–6. (B)
Posttraction cervical myelogram. There is improvement in the spinal cord compression and in the splitting of the contrast medium. Two reviewers classiﬁed
these lesions as static, with a dynamic component, and another reviewer classiﬁed as dynamic. (C) Ventrodorsal myelogram. There is bilateral widening of the
contrast medium column at C5–6. No asymmetric compression is seen. (D) Pretraction sagittal T2-weighted image. There is marked spinal cord compression at
C5–6, with minimal spinal cord compression at C6–7. Intervertebral disc degeneration is observed at C4–5, C5–6, and C–7. (E) Posttraction sagittal T2weighted image. There is still marked spinal cord compression at C5–6. All reviewers classiﬁed this lesion as static. (F) Transverse T2-weighted image. Note the
markedly asymmetric spinal cord compression, worse on the right side, caused by a hypointense region in the ventral aspect of the vertebral canal (arrow). C7,
seventh cervical vertebrae.

Fourteen dogs (77%) had foraminal stenosis, classiﬁed
as mild in six dogs, moderate in four dogs, and severe in
four dogs. The foramina at C6–7 were affected in 12 dogs,
followed by C5–6 (11 dogs). All dogs with severe foraminal
stenosis had spinal cord signal changes.
Vertebral body tipping or tilting was observed in seven
out of 18 dogs (39%). It affected the sixth cervical vertebrae in all dogs. In three of these dogs, the tipping worsened upon traction. Spondylosis was observed at C6–7 in
four dogs and at C7–T1 in one dog.

Discussion
In this study, MR imaging was effective in localizing the
site of spinal cord compression at a different place than
indicated on myelography in two dogs, in revealing the
severity of spinal cord involvement in two other dogs, and

in identifying the probable cause of the clinical signs when
myelography was normal in one additional dog. All three
reviewers had 100% agreement on the site of lesion using
MR imaging, whereas discrepancies existed using myelography. A distinct advantage of MR imaging is the ability to
assess the spinal cord parenchyma, while on myelography,
only the spinal cord contour is seen. This advantage allowed visualization of signal changes in the spinal cord
parenchyma and precise lesion localization.
In the present investigation, 10 out of 18 dogs (55%) had
spinal cord signal changes, signiﬁcantly higher than previously reported in dogs with cervical spondylomyelopathy
(three out of 21 dogs).26 Signal changes within the spinal
cord are a common and important MR imaging feature of
cervical spondylotic myelopathy in humans. Proposed causes include direct spinal cord compression and ischemia.27
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Although spinal cord compression seems the most likely
cause in our dogs, all dogs with severe foraminal stenosis
also showed spinal cord signal changes; however, these
dogs also showed spinal cord compression.
In humans, the correlation between spinal cord signal
changes seen with MR imaging and histopathologic appearance of the spinal cord has been documented.28 Areas
of hyperintensity in T2-weighted images without changes in
T1 images were characterized histologically by slight loss of
nerve cells, gliosis, and edema in the gray matter, as well as
demyelination, edema, and Wallerian degeneration in the
white matter. Again, in humans, the combination of T2
hyperintensity and T1 hypointensity was characterized by
severe histologic changes such as necrosis, myelomalacia,
and spongiform changes in the gray matter, as well as white
matter necrosis.28 There are no studies relating the spinal
cord signal changes seen on MR images with histopathologic appearance in dogs with cervical spondylomyelopathy. However, in a canine model of chronic cervical
myelopathy, MR imaging changes in spinal cord corresponded histologically to motor neuron loss, gray matter
necrosis, and cavitation.29 It was recently proposed that
hyperintensity in the T2-weighted images seen in humans
with cervical spondylotic myelopathy likely reﬂects pathologically reversible changes, while the combination of
hyperintensity in T2-weighted images and hypointensity in
T1-weighted images suggests irreversible spinal cord changes and a poorer prognosis.30,31 In dogs, spinal cord T2
hyperintensity seen with acute spinal cord compression
caused by intervertebral disc disease was a more accurate
predictor of poor outcome than loss of deep pain perception.32 However, at this time the clinical and prognostic
signiﬁcance of such spinal cord signal changes in cervical
spondylomyelopathy is not known.
In our study spinal cord signal changes seemed to be
associated with severity of clinical signs, as 75% of dogs
with moderate and severe ataxia, and the nonambulatory
dog had signal changes. Spinal cord signal changes were
not seen in dogs with cervical hyperesthesia or mild ataxia.
Spinal cord signal changes were not present in 16 clinically
normal Doberman pinschers, even though some had spinal
cord compression.33 The duration of clinical signs also
seemed to be related to spinal cord signal changes, since all
dogs with a chronic history had such changes. On the other
hand, two out of three dogs with moderate or severe ataxia
but acute presentation did not have signal changes within
the spinal cord. This observation agrees with studies in
humans, suggesting that the spinal cord signal changes seen
in cervical spondylomyelopathy are usually associated with
chronic evolution of signs.27 However, acute spinal cord
trauma has also been shown to produce spinal cord signal
changes in dogs and cats.34,35
The classiﬁcation of lesions as static or dynamic is problematic. We observed disagreement in the classiﬁcation of
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lesions as static or dynamic between myelography and MR
imaging and also among reviewers. Depending on the reviewer, two to four dogs had the lesions classiﬁed as dynamic on myelography, but as static on MR imaging.
Overall, most dogs had lesions classiﬁed as static. The reviewers disagreed upon the type of lesion in 44% of dogs
using myelography and 33% of dogs using MR imaging.
The high disagreement reﬂects the lack of criteria to determine whether a lesion is static or dynamic. This has also
been noted in 28 Dobermans with cervical spondylomyelopathy imaged using myelography.36 In that study, all 14
dogs evaluated by neurologists were considered to have
static lesions, while all 14 evaluated by surgeons were assumed to have dynamic lesions.36 It is possible, although
unlikely, that the body position used for myelography vs.
MR imaging could partially account for these differences.
The concept of static and dynamic lesions was ﬁrst established in 1982.9 Lesions that improved or disappeared
upon traction or ﬂexion/extension views were considered
dynamic. Owing to the risk of neurologic deterioration
after these cervical manipulations, only traction positions
continue to be routinely used.1 The technique of traction
was rather subjective as it was described as grasping the
dog behind the base of the skull while applying ﬁrm linear
traction.9 Based on this concept, a multitude of surgical
techniques were developed for the treatment of dynamic
lesions.3,6,24,37–39 It was never established how much traction should be used and how it should be performed. The
myelographic ﬁndings can also be misleading in deﬁning
whether a lesion is static or dynamic. The dog in Fig. 2
illustrates this problem. It must be remembered that the
dura mater and the spinal cord have elastic properties to
adjust themselves to changes in neck position according to
movement. In a traction study in normal cats, it was demonstrated that the caudal cervical region has signiﬁcantly
higher vertebral and spinal cord motion compared with the
cranial cervical spine.40 It has also recently been shown
that the amount of intervertebral disc distraction is similar
between clinically normal Doberman pinschers and Dobermans with cervical spondylomyelopathy.33 Because of
the inherent elastic properties of the cervical spine and the
fact that it is only possible to visualize the contrast medium
column on myelography, it is possible that any lesion
would improve under traction, even though it would in fact
be a static lesion. This concept is illustrated in Fig. 3.
The technique and ideal amount of traction of the cervical spine have never been evaluated objectively. In our
pilot experiments, it appeared that 20% of the dog’s weight
was enough to produce sufﬁcient traction. In humans,
traction studies were performed with approximately 20%
to 30% of the patient’s body weight, recommending not
exceeding 33%.13,41 These recommendations were based
on nonanesthetized human patients. In an anesthetized
dog, muscle tone would not counteract the traction force;
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therefore, less traction would likely be needed to produce
the same degree of spinal distraction as in humans. Experimentally, excessive distraction can cause ischemia and
disruption of the spinal cord interstitial pressure with permanent spinal cord damage.42,43 Based on the above considerations, the authors believe that it is unnecessary to use
traction forces higher than 25% of the patient’s weight.
However, further studies are needed to establish the distraction efﬁcacy of the different weights, traction methods,
and the necessity and safety associated with the procedure.
The MR imaging protocol used in this study was time
consuming. We chose this protocol to evaluate precisely all
structures affected in cervical spondylomyelopathy. In humans, foraminal stenosis is one of the key factors in the
pathogenesis of cervical spondylotic myelopathy, causing
or contributing to spinal cord ischemia.44,45 The magnitude
of its importance in humans led us to include specifically a
gradient echo FLASH sequence associated with MT, and
pre and postintravenous gadolinium images for assessment
of intervertebral foramina. In humans, the FLASH sequence with MT provided the best anatomic detail for the
cervical spinal cord, intervertebral foramina, cerebrospinal
ﬂuid, and compact bone, compared with other sequences.46,47 When contrast enhancement was combined
with MT, it improved the assessment of the intervertebral
foramina avoiding overestimation of foraminal stenosis.48
It is our impression that there was no signiﬁcant difference
between the images with and without gadolinium; there-
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fore, only one sequence needs to be used in the clinical
setting. In agreement with the ﬁndings in humans, the
FLASH-MT-weighted images were clearly superior with
regard to visualization of the intervertebral foramina compared with conventional T2- and T1-weighted images.
Using the FLASH-MT images, we found foraminal stenosis in 77% of dogs. The clinical signiﬁcance of this ﬁnding needs to be clariﬁed further, as in a recent study 69% of
16 clinically normal Dobermans also had foraminal stenosis.33
In summary, we documented that MR imaging allows
identiﬁcation of more abnormalities than cervical myelography in Dobermans pinscher dogs with cervical spondylomyelopathy. Although myelography could identify
the location of the lesion in most patients, MR imaging
was more accurate in predicting the site, severity, and
nature of spinal cord compression. Also, spinal cord
signal changes were seen in the majority of patients. The
distinction between dynamic and static lesions is currently
unclear, subjective, and dependent on personal opinion.
Most static lesions can apparently have a dynamic
component upon traction myelography. If we are to evolve
in the diagnosis and treatment of cervical spondylomyelopathy, further studies are needed to establish guidelines in performing and interpreting the ﬁndings of kinematic imaging tests, as well as determining the clinical and
prognostic signiﬁcance of signal changes within the spinal
cord.
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