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Abstract

Background: Osseous-associated cervical spondylomyelopathy (OA-CSM) is a com-
plex disorder with limited long-term survival. The longitudinal progression is currently
unknown.

Objective: To describe changes on magnetic resonance imaging (MRI) over a 2-year
minimum period. We hypothesized that spinal lesions would progress in the majority
of dogs.

Animals: Eleven dogs previously diagnosed with OA-CSM were prospectively stud-
ied. Nine dogs were treated medically, whereas 2 were treated surgically.

Methods: Clinical and MRI follow-up were performed with a median time between
MRI studies of 30 months (range, 24-54). Morphologic assessment evaluated verte-
bral canal stenosis, spinal cord compression, foraminal stenosis, and articular pro-
cesses, among other variables. Morphometric assessment included vertebral canal
area, spinal cord area, area of the articular processes, and foraminal height.

Results: On follow-up MRI, the most affected site at the initial examination in medically
treated dogs had progressed in 4 of 9 dogs, improved in 4, and was unchanged in 3. Clini-
cally, all dogs except 2 medically treated dogs were unchanged to improve at follow-up.
Initially, 50 of 60 (83.3%) intervertebral spaces had vertebral canal stenosis, whereas in
the follow-up MRI 82.3% did. Of the sites with stenosis, 45.7% were unchanged, 18.6%
improved, and 38.9% worsened. Morphometry identified significant decreases in verte-
bral canal and spinal cord areas at C4-C5 through C6-C7, and significant progression of
articular process irregularities at C3-C4 and Cé6-C7.

Conclusions and Clinical Importance: This long-term follow-up study of dogs with
OA-CSM did not identify clinical or MRI progression of lesions in the majority
of dogs.
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1 | INTRODUCTION

Cervical spondylomyelopathy (CSM) is a common cause of neurologic
deficits and pain in large and giant breed dogs.! Although no prevalence
study exists, it often is considered the most common disease of the cer-
vical spine in these dogs. Currently, a lack of consensus exists among
veterinary neurologists regarding the best approach for treating CSM.
This lack of consensus likely reflects limited understanding of the
underlying disease mechanisms and natural progression, as well as the
fact that CSM represents a collection of different etiologies and
presentations rather than a single uniform disease.

Two documented forms of CSM exist: osseous-associated (OA-
CSM), mainly seen in Great Danes and other giant breeds, and disc-
associated (DA-CSM), seen in Doberman Pinschers and other large
breed dogs. In both forms, abnormalities of the cervical vertebral col-
umn develop and result in static and dynamic spinal cord compression.
In OA-CSM, compression results from osseous proliferation of the
vertebral arch, articular processes, pedicles, or some combination of
these.'"® Disc-associated cervical spondylomyelopathy results in com-
pression secondary to intervertebral disc protrusion, often in combina-
tion with hypertrophy of the ligamentum flavum.»* It generally is
accepted that magnetic resonance imaging (MRI) is the imaging modal-
ity of choice for diagnosis and treatment planning in dogs with
suspected CSM¥>¢, but computed tomography (CT) can be particu-
larly useful to document bony changes in dogs with OA-CSM.”® The
morphology and morphometry of the cervical spine in Great Danes
with OA-CSM and Dobermans with DA-CSM, using MRI, have been
reported previously.?”%10

Cervical spondylomyelopathy may represent a naturally occurring
canine clinical model of cervical spondylotic myelopathy, a degenerative
syndrome of the cervical spine in people.* Cervical spondylomyelopathy
in humans represents a complex syndrome consisting of variable degrees
of degenerative change in the cervical vertebrae, intervertebral discs,
facets and ligaments, which typically results in progressive myelopathy
and radiculopathy.?*® The diagnosis of cervical spondylotic myelopathy
in people is made using MRI to identify changes in the vertebral canal and
spinal cord.}” Some studies suggest dual imaging with computed tomog-
raphy (CT) and MR, using MRI for clarity of soft tissue details and CT to

t,2° but MRI remains the stan-

determine the extent of bony involvemen
dard imaging modality for people with the condition.*”

The natural progression of cervical spondylotic myelopathy in
humans is described using clinical and long-term imaging follow-up
studies, which are critical to understanding the disease and identifying
factors associated with clinical deterioration.?*2> Notably, a subset of
people with MRI-documented CSM remain asymptomatic.?® Few lon-
gitudinal studies have described the progression of structural changes
in dogs with MRI-diagnosed CSM. A single longitudinal study was per-
formed using MRI in dogs with DA-CSM,*! whereas 2 others detailed
findings in OA-CSM using CT for evaluation.2?” Therefore, our aim
was to evaluate long-term changes in the vertebral canal and spinal
cord using MRI in dogs treated medically and surgically for OA-CSM.
We hypothesized that the majority of dogs would show progression

of the vertebral and spinal cord lesions over the study period.
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21 | Case selection
The study was reviewed and approved by the Ohio State University
institutional animal care and use committee (IACUC; 2011A00
000027-R2) and written consent was obtained from all owners before
enrollment. Medical and radiology records from January 2012 to June
2019 were searched for CSM cases using several terms to describe the
disease. Dogs were included if they had a diagnosis of OA-CSM made
by MRI a minimum of 2 years before study commencement. Exclusion
criteria were diagnosis of DA-CSM as the predominant form of disease,
follow-up time <24 months, or presence of comorbidities making
anesthesia unsafe. Owners were contacted if there was a reasonable
expectation of the dog still being alive and were asked whether they
would be willing to enroll their dogs in a prospective study evaluating
longitudinal MRI changes in OA-CSM.

All dogs had physical and neurologic evaluations, a CBC and
serum biochemistry profile at both MRI time points.

2.2 | Neurologic grading
Neurologic status at the time of initial MRI and study enrollment was
graded from O to 5, consistent with a previously published grading

scale widely used in CSM studies:**27-2?

grade O, normal neurologic
examination; grade 1, cervical hyperesthesia; grade 2, mild pelvic limb
ataxia or paresis with or without thoracic limb involvement; grade
3, moderate pelvic limb ataxia or paresis with thoracic limb involve-
ment; grade 4, marked pelvic limb ataxia or paresis with thoracic limb
involvement; and grade 5, nonambulatory tetraparesis. Grading was
performed using a combination of video recording and retrospective

assignment based on neurologic examination forms.

2.3 | Initial magnetic resonance imaging

Initial MRI were identified and reviewed. Imaging was performed
using a high-field MRI for all cases. In 10 dogs, a 3-Tesla (T) magnet
(3.0 Tesla Achieva, Philips, Amsterdam, Holland) was used, whereas
1 dog had MRI using a 1.5 T magnet (1.5 T General Electric Signa, Mil-
waukee, Wisconsin). Dogs were placed in either dorsal or lateral

recumbency.

24 | Follow-up magnetic resonance imaging
Follow-up MRIs were prospectively performed using the 3-Tesla mag-
net for all dogs. Anesthetic protocols were individually tailored based
on clinical condition and clinician preference.

The MRI protocol included at a minimum T1- and T2-weighted
images (WI) on all dogs in sagittal and transverse planes for inter-

vertebral disc regions C4-5 to Cé-7. Transverse images through the
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disc spaces of C2-C3 to C7-T1 were available for review in 7 of the
original MRIs and in 9 of the follow-up MRI. Neutral cervical spine

positioning was used in both MRIs.

2.5 | Clinical case management

After initial MRI evaluation, 2 dogs were treated by dorsal laminectomy
(1 at a single site and 1 at 2 sites) and 9 were treated medically using
anti-inflammatory drugs and activity modification, both initial and long-
term lifestyle changes. Lifestyle changes included minimizing high-
impact activities such as running and jumping, rough play with other
dogs, and off-leash strenuous activities. Walking wearing a body har-
ness was encouraged. Individual treatment recommendations were
made for each dog by the attending clinician using imaging findings,

neurologic status, and the owner's preference.

2.6 | Morphologic evaluation

For morphologic analysis, MRI images were independently reviewed by
3 observers: a board-certified neurologist, a board-certified radiologist
and a senior neurology resident (RdC, ETH, and CN) using 1 of 2 imaging
software options: ClearCanvas Workstation (Clear canvas workstation,
Synaptive Medical, Toronto, Ontario) or E-film (E-film workstation, IBM
Watson Health, Armonk, New York). One of the observers (ETH) was
blinded to the clinical status of the dogs. Vertebral canal stenosis and
spinal cord compression were evaluated at each intervertebral disc
region on T2-weighted transverse images as previously described.”?°
Vertebral canal stenosis was graded as: O, no compression; 1, partial
subarachnoid space compression with no spinal cord compression;
2, complete subarachnoid space compression with no spinal cord com-
pression; or 3, spinal cord compression. Spinal cord compression was
further evaluated on the percentage of compression compared to nor-
mal area as previously described:”3 0, no compression; grade 1, <25%;
2, 25-50%; or 3, >50% compression. Synovial cyst formation also was
evaluated on transverse T2 WI: grade O, no cyst formation; 1, cyst for-
mation with no spinal cord compression; or 2, cyst formation with spinal
cord compression.” Intervertebral disc degeneration was evaluated on
sagittal T2 WI: grade O, uniform hyperintense signal; 1, partial degener-
ation (partial loss of hyperintense signal); or 2, complete degeneration
(no hyperintensity noted).”

Signal changes of the spinal cord and ligamentum or other soft
tissue hypertrophy were evaluated on sagittal and transverse T2 or T1
WI, as previously described.” Areas of spinal cord hyperintensity were
compared on sagittal and transverse images to normal areas of the
spinal cord adjacent to the hyperintensity, and graded as: (0) normal,
(1) mild (small or heterogeneous area of hyperintensity), or (2) severe
(well defined or large area of hyperintensity). Ligament or soft tissue
hypertrophy were areas isointense to muscle noted between the lam-
ina and spinal processes, and were graded as: 0, no hypertrophy;
1, hypertrophy with no spinal cord compression; or 2, hypertrophy

with spinal cord compression.

The remaining factors were evaluated bilaterally on sagittal or
transverse T1 WI or both. Severity of foraminal stenosis was graded
as: 0, no stenosis; 1, <33% stenosis; 2, 33-66% stenosis; or 3, >66%
stenosis, based on the height of the intervertebral foramina. Regular-
ity of the cranial and caudal articular processes was graded: O, normal
articular process; 1, smooth articular surface with evidence of bone
sclerosis; or 2, irregular surfaces with subchondral sclerosis.® On the
initial MRIs, 60 disc spaces and 120 articular processes and foramina
were available for review on transverse imaging, with 66 disc spaces
available on sagittal imaging. On follow-up imaging, 63 disc spaces
and 126 articular processes and foramina were evaluated on trans-
verse imaging whereas 66 disc spaces were evaluated on sagittal
imaging. Fifty-nine disc spaces with 118 articular processes (trans-
verse imaging) and 66 disc spaces (sagittal imaging) were available for
direct comparison between initial and follow-up MRIs.

After individual MRI evaluations, each reviewer graded the initial
and follow-up MRIs side-by-side as, same (unchanged), better or
worse for all morphologic variables in addition to spinal cord atrophy.
Spinal cord atrophy was assessed as an increase in the subarachnoid

space surrounding the spinal cord.

2.7 | Morphometric evaluation

Morphometric assessments were performed by 1 reviewer (CN) using
ClearCanvas Workstation software. For each dog, measurements of the
initial MRI were made first, and then using the follow-up MRI. Measure-
ments acquired included the area of the vertebral canal, spinal cord, any
synovial cysts and the caudal and cranial articular processes, as well as
foraminal height.2® The vertebral canal area-to-spinal cord ratio was
calculated for each disc site. Measurements were obtained from C2-C3
through C7-T1 when available. All measurements were performed
within each intervertebral space at the slice of greatest compression.
Foraminal stenosis was assessed on transverse images at the middle of
the foramen.2 To assess intraobserver agreement, each measurement
was performed 3 times by the same reviewer with at least 24 hours

between measurements.

2.8 | Statistical analysis
Morphologic data was assessed for interobserver reliability using the
Kappa2 module®® in Stata (StataCorp. Stata Statistical Software:
Release 16. StataCorp LLC., College Station, Texas, 2019) to calculate a
weighted Conger's Kappa for 23.3% Agreement was determined as
almost perfect for a kappa value between 0.81 and 1.0, substantial
agreement as 0.61-0.8, moderate as 0.41-0.6, fair as 0.21-04, slight as
0.01-0.2, and <0 as poor agreement.>3

To determine the repeatability of each measurement of the mor-
phometric data, intraclass correlation (ICC) was used.®* This proce-
dure normally is used for correlation of quantitative observations
among different observers, but in this case was used to determine the

correlation among 3 replicates of measurement by 1 observer, with
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0 being no agreement and 1 being perfect agreement. Because ICC
was high, means of each assessment were calculated and used for
comparison of the initial to follow-up MRI. Because the assumption of
normality was questionable given the small sample size, Friedman's
statistic was calculated using the snp2 module in Stata.3> Friedman's
analysis of variance (ANOVA) is the nonparametric equivalent of a
1-way repeated measure ANOVA. A Friedman's P-value <.05 was

considered significant.

3 | RESULTS

Fifty-three dogs were identified during initial medical record review. Of
these, 21 were dead, 2 had moved to a different area and were not avail-
able, and 19 were lost to follow-up. Eleven dogs with OA-CSM (9 male
castrated, 1 female spayed and 1 female intact), with a mean age of
252 months at initial 18 months;
12-90 months) were identified from the medical records at The Ohio

diagnosis  (median, range,
State University and prospectively recruited. Breeds represented included
Great Danes (n = 6), German Shepherd (n = 2) and 1 each of the follow-
ing: Greater Swiss Mountain Dog, Caucasian Ovcharka Dog, and Mastiff.
Mean weight was 53.6 kg (median, 48.2 kg; range, 28.6-110 kg). All initial
MRIs were performed between December 2012 and August 2017.
Follow-up MRIs were performed a mean of 33 months later (median,
30 months; range, 24-54 months). The onset of clinical signs before initial
evaluation ranged from 2 weeks to >1.5years (mean, 6.7 months;
median, 2.5 months). Historically, onset of clinical signs was acute in
1 dog, chronic in 8, and chronic with acute worsening in 2. Of the 9 dogs
treated medically, initial neurologic examination was classified as grade
2 in 5 dogs, grade 3 in 3 dogs, and grade 4 in 1 dog. Six of these dogs
were treated with PO prednisone (0.5 mg/kg q12, tapering progressively)
and 1 with PO meloxicam (Meloxicam, Boehringer Ingelheim pharmaceu-
ticals, Ingelheim am Rhein, Rhein, Germany; 0.1 mg/kg q24) after the ini-
tial MRI. At time of follow-up, 5 were still receiving corticosteroids, but
the maintenance dose was low (eg, 0.2 mg/kg g48). Neurologically, at the
time of follow-up examination, 5 were grade 2, 3 were grade 3, and
1 was grade 4. Of these, 2 dogs improved in neurologic grade (both from
grade 3 to 2), 2 worsened (both from grade 2 to 3), and 5 remained
unchanged. Of the 2 dogs treated surgically, 1 improved from grade 2 to
grade O, and the other remained unchanged at grade 2. Both dogs were
still on PO prednisone at the time of follow-up examination.

Of the 9 dogs treated medically, the initial worst site of spinal
cord compression improved in 2 dogs, worsened in 4 and remained
the same in 3. Of the 2 that had improved spinal cord compression,
1 was clinically improved (grade 3 to 2) and the other showed no
change in neurologic status. Of the 4 with worsening spinal cord com-
pression, 1 had a worsened neurologic status (grade 2 to 3) whereas
the others had not changed. Of the 2 dogs that underwent surgery,
the extent of vertebral canal stenosis was graded better for all surgical
sites, but the grade of stenosis did not change (grade 3). In the dog
with 2 surgical sites (C3-4 and C4-5), the site immediately caudal to
the surgical site (C5-C6) progressed from a grade O vertebral canal

stenosis to grade 3. In the other dog that underwent surgery,
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2 different sites cranial to the surgical site had worsened vertebral
canal stenosis (grade 1 to 3 and grade 1 to 2). Of the 9 medically man-
aged dogs, 4 sites of canal stenosis were worse (grade 1 to 3), with no

more than 1 site per dog.

3.1 | Morphologic assessment

Regarding morphologic assessment, although interobserver agreement
across all sites for vertebral canal stenosis was fair (kappa = 0.295) and
for spinal cord compression was moderate (kappa = 0.511), perfect
agreement was found among reviewers on determining the worst site
of vertebral canal stenosis and spinal cord compression on initial MRI
(kappa = 1). Additionally, there was agreement in 7/11 cases and major-
ity agreement in 3/11 for evaluation of progression of disease at that
site. Assessments were made by the most senior author (RdC) with
extensive expertise and experience in evaluating MRI studies of dogs
with CSM.

3.2 | Initial magnetic resonance imaging

All dogs had at least 1 site of vertebral canal stenosis, spinal cord com-
pression, increased signal change in the spinal cord and articular pro-
cess degeneration. Vertebral canal stenosis was present at 50/60
(83.3%) sites. The most common sites of vertebral canal stenosis were
C2-C3 (7/7, 100%), C3-C4 (9/9, 100%), and C4-C5 (11/11, 100%).
The next most common sites were C5-Cé6 and C6-C7 (10/11, 90.9%
for both), and the least common was C7-T1 (3/9, 33.3%). Grade 3 ver-
tebral canal stenosis resulting in spinal cord compression was identi-
fied in at least 1 site in all dogs and at 29/60 (48.3%) sites. The most
common sites of grade 3 vertebral canal stenosis were C5-Cé6 and
C6-C7 (8/60, 13.3% for both). Synovial cysts were identified in 2 dogs
with 1 cyst per dog. The cysts were located at the articular processes
of C3-C4 and C5-Cé. Intervertebral disc degeneration was present in
8/11 dogs and appreciated at 26/66 (39.4%) sites. Grade O was pre-
sent in 40/66 (60.6%), grade 1 in 23/66 (34.8%), and grade 2 in 3/66
(4.6%). The most common site was C6-C7, with 6/11 (54.6%). Signal
change in the spinal cord was identified at 17/66 (25.8%) sites. Grade
0 was present in 49 (74.2%), grade 1 in 14 (21.2%), and grade 2 in
3 (4.6%). It was most common at C6-C7 (6/11, 54.6%) and least com-
mon at C7-T1 (0/11, 0%). Ligamentous hypertrophy was identified in
10/11 dogs and at 25/66 (37.9%) sites. Grade O was present in 41/66
sites (62.1%), grade 1 in 14/66 (21.2%), and grade 2 in 11/66 (16.7%).
The most common site of ligamentous hypertrophy was C4-C5 (9/11,
81.8%), with the most common site resulting in compression of the
spinal cord (grade 2) at C4-C5 (5/66, 7.6%). Intervertebral foraminal
stenosis was present in 9/11 dogs and at 61/120 foramina (50.8%).
Grade O was present in 59/120 (49.2%), grade 1 in 9/120 (7.5%),
grade 2 in 24/120 (20%), and grade 3 in 28/120 (23.3%). The most
common site was C5-Cé (17/22, 77.3%), and the least common site
was C7-T1 (1/22, 4.6%). Irregularity of the articular process was iden-
tified in 101/118 (85.6%) articular processes, with grade O present in



NYE ET AL.

2016 | Journal of Veterinary Internal Medicine AC\?{/IM

Open Access, Ame

Veterinar

College of
ernal Medicine

17/118 (14.4%), grade 1 in 20/118 (17.0%), and grade 2 in 81/118
(68.6%). The most common site of irregularity was C5-C6 (22/22,
100%) followed by C4-C5 and C6-C7 (both 21/22, 95.4%).

3.3 | Follow-up magnetic resonance imaging

All dogs had at least 1 site of vertebral canal stenosis, spinal cord com-
pression, increased signal change in the spinal cord and articular process
degeneration. Vertebral canal stenosis was identified at 52/63 (82.5%)
sites. The most common sites of vertebral canal stenosis were C2-C3
(8/8, 100%), C3-C4 (11/11, 100%), and C4-C5 (11/11, 100%). The next
most common sites were C5-C6 and C6-C7 (10/11, 90.9% stenosis for
both), and least common was C7-T1 (4/11, 36.4%). Vertebral canal ste-
nosis resulting in spinal cord compression (grade 3) was identified at
30/63 (47.6%) sites. The most common site of grade 3 stenosis was
C4-C5 (3/30, 10.0%). Synovial cysts were present in 4 dogs, with 2 cysts
in 1 dog. Synovial cysts were present at C3-C4 and C4-C5 (2 at each)
and 1 at C6-C7. Intervertebral disc degeneration was identified in 9/11
dogs and at 40/66 (60.6%) sites. Grade O was present in 26/66 (39.4%)
sites, grade 1 in 31/66 (47.0%) and grade 2 at 9/66 (13.6%). The most
common site was C6-C7 (9/11 dogs, 81.8%). Signal change in the spinal
cord was identified in 9/11 dogs and at 19/66 (28.8%) sites. Grade
0 was present in 47 (71.2%) sites, grade 1 at 12 (18.2%), and grade 2 at
7 (10.6%). It was found equally at C3-C4, C4-C5, and C6-C7 (5/11
dogs, 45.5%). The least common site was C7-T1 (1/11, 9.1%). Ligamen-
tous hypertrophy was identified in 10/11 dogs and at 40/66 (60.6%)
sites. Grade O was present at 26/66 sites (39.4%), grade 1 at 31/66
(47.0%), and grade 2 at 9/66 (13.6%). The most common site was
C4-C5 (10/11, 90.9%). Foraminal stenosis was present in 10/11 dogs
and in 66 of 126 (52.4%) foramina. Grade O was present in 60/126
(47.6%), grade 1 in 13/126 (10.3%), grade 2 in 13/126 (10.3%), and
grade 3 in 40/126 (31.8%). The most common site was C5-Cé (17/22,
77.3%). The second most common site was C4-C5 (16/22, 72.7%). The
least common site was C7-T1 (5/22, 22.7%). Irregularity of an articular
process was identified in 103/126 (81.8%) articular processes. Grade
0 was present in 23/126 (18.3%), grade 1 in 21/126 (16.7%), and grade
2 in 82/126 (65.1%). The most common site was C5-Cé6 (22/22, 100%)
followed by C4-C5 and C6-C7 (20/22, 90.9% and 21/22, 95.5%,

respectively).

3.4 | Comparison of initial and follow-up magnetic
resonance imaging

Transverse images were available for comparison at 59 sites. Sixty-six
sites were available for comparison on sagittal imaging. Of these, verte-
bral canal stenosis was unchanged in 25/59 (42.4%), improved in 11/59
(18.6%), and worsened in 23/59 (39.0%). The percentage of sites with
vertebral canal stenosis remained relatively unchanged (50/60, 83.3%
at initial time point; 52/63, 82.5% at follow-up). Spinal cord compres-
sion was unchanged in 30/59 (50.9%), improved in 12/59 (20.3%), and
worsened in 17/59 (28.8%; Figure 1). The 2 initial synovial cysts

FIGURE 1 Magnetic resonance (MR) images of 3 dogs with
osseous-associated cervical spondylomyelopathy. Left column shows
the initial and right column shows the follow-up MR image. Each row
shows images from the same dog at the same site. Figures A and B
are from a 2-year-old female spayed Great Dane showing worsening
of spinal cord compression at C5-6 over a 31 months follow-up
period. Figures C and D are from a 1-year-old male castrated German
shepherd dog showing minimal progression of spinal cord
compression at C5-6 over a 24-month follow-up period. Figures E and
F are from a 1-year-old, male castrated greater Swiss mountain dog
showing improvement of spinal cord compression at C4-5 over a

29 month follow-up period

improved or resolved whereas 4 new cysts developed (Figure 2). Inter-
vertebral disc degeneration was unchanged at 35/66 (53.0%), improved
at 1/66 (1.5%), and worsened at 30/66 (45.5%) sites. In the 90/122 disc
spaces on initial and follow-up MRI that showed grade 2 articular pro-
cess irregularities, 42/90 (46.7%) also had disc degeneration. Similarly,
of the 36/126 sites with grade O or 1 articular process irregularities,
17/36 (47.2%) had intervertebral disc degeneration. Signal changes
within the spinal cord remained unchanged in 49/66 (74.2%), improved
in 5/66 (7.6%), and worsened in 12/66 (18.2%). Of the 2 medically
treated dogs that worsened clinically, both had increases in signal inten-
sity at the worst site of vertebral canal stenosis, and 1 had a second site
of increased signal intensity. Of the 2 medically treated dogs that
improved clinically, 1 had improved signal intensity and the other had
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worsened signal intensity. In the dogs that were clinically unchanged,
signal intensity was unchanged in 1 dog and was worse in 4. Of the

2 dogs that clinically worsened, 1 had no change in signal intensity

FIGURE 2 Magnetic resonance (MR) images of 2 dogs with
osseous-associated cervical spondylomyelopathy. Left column shows
the initial and right column shows the follow-up MR image. Figures A
and B are from a 2-year-old Great Dane with improvement of a
synovial cyst at C5-6 in the follow-up magnetic resonance imaging
(MRI) at 30 months. Figures C and D are from a 2-year-old Great
Dane showing development of a synovial cyst at C4-5 in the
24-month follow-up MRI

O o e e

within the spinal cord, whereas the other had worsened. The 2 dogs
treated surgically both had worsened signal change at the sites of sur-
gery. Ligamentous hypertrophy was unchanged in 47/66 (71.2%),
improved in 5/66 (7.6%), and worsened in 14/66 (21.2%). Foraminal
stenosis was static in 102/120 (85.0%), improved in 3/120 (2.5%), and
worsened in 15/120 (12.5%). Articular process irregularity was
unchanged in 69/118 (58.5%), improved in 8/118 (6.8%), and worsened
in 41/118 (34.7%). Spinal cord atrophy worsened at 15/65 sites
(23.1%). The most common sites of worsened spinal cord atrophy were
C5-Cé and C6-C7 (both 4/11; 36.4%).

3.5 | Morphometric analysis
The intraobserver reliability (ICC) for measurements for each location
ranged from 0.279 to 0.997 (mean, 0.946; median, 0.977).

Vertebral canal area was significantly smaller at C4-C5, C5-C6,
and C6-C7 on follow-up MRI measurements compared to initial MRI
(P =.001, .001, .03, respectively). Spinal cord area also was signifi-
cantly decreased at C4-C5, C5-C6, C6-C7, and C7-T1 on follow-up
MRI (P = .04, .001, .03, .01, respectively). Left and right cranial articu-
lar processes were significantly larger at C2-C3 and C6-C7 but not at
other sites (P = .02, .002, respectively). A full summary of significant
differences is presented in Table 1. No statistical significance was
found when comparing the initial MRI to follow-up MRI in the follow-
ing categories: vertebral canal area at C2-C3, C3-C4, or C7-T1,; spinal
cord area at C2-C3 or C3-C4; vertebral canal-to-spinal cord area ratio
from C2-3, C3-C4 and from C5-6 through C7-T1; synovial cyst area;
foraminal height; caudal articular process proliferation; and, cranial
articular process proliferation at C2-C3, C4-C5, C5-Cé6, and C7-T1.

TABLE 1 Significant findings on morphometric evaluation of initial and follow-up MRlIs

Initial Follow-up

Location and variable measured average average
C3-C4 left cranial articular process 1.19 cm? 1.43 cm?
C3-C4 right cranial articular process 1.18 cm? 1.29 cm?
C4-C5 vertebral canal area 1.20 cm? 0.85 cm?
C4-C5 spinal cord area 0.41 cm? 0.34 cm?
C4-C5 vertebral canal : spinal cord 0.34 043
C5-Cé6 vertebral canal area 1.14 cm? 0.98 cm?
C5-Cé6 spinal cord area 0.47 cm? 0.35 cm?
C6-C7 vertebral canal area 1.29 cm? 1.1 cm?
C6-C7 spinal cord area 0.50 cm? 0.44 cm?
C6-C7 left cranial articular process 1.28 cm? 1.47 cm?
C6-C7 right cranial articular process 1.24 cm? 1.47 cm?
C7-T1 spinal cord area 0.46 cm? 0.38 cm?

P-value for Friedman's Intraclass

% change ANOVA correlation
19.9 .02 0.98

8.6 .02 0.991
-30 .001 0.995
-16 .03 0.897

18 .001 0.948
-14 .001 0.993
-26 .001 0.989
-14 .03 0.995
-13 .03 0.961

15 .002 0.992

19 .002 0.985
-17 .01 0.591

Notes: Demonstrating the location and variable measured that were significantly different between initial and follow-up MRI studies. Average of 3 values
on morphometric assessment for the initial and follow-up studies, percentage change between the initial and follow-up measurements, the P-value for
Friedman's ANOVA for the difference between initial and follow-up MRI averages, and the intraclass correlation to assess repeatability of each morpho-

metric assessment.

Abbreviations: ANOVA, analysis of variance; MRI, magnetic resonance imaging.
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4 | DISCUSSION

We documented the long-term evolution of clinical and vertebral
changes in dogs with OA-CSM. To our knowledge, ours is the first
study to document spinal changes in dogs evaluated by MRI
224 months after initial MRI. Morphologic assessment of the most
affected site identified progression of disease in 4 of 9 dogs treated
medically, improvement in 2, and no significant changes in 3. Verte-
bral canal stenosis improved at the surgical site in both dogs that
underwent decompressive surgery. Clinical signs of OA-CSM were
improved, unchanged or progressed slowly, with 9 dogs being
unchanged or improved at follow-up, and none progressing >1 neu-
rologic grade, regardless of changes observed on MRI or the treat-
ment provided.

Morphologic assessment was paired with morphometric analysis to
offer a more objective evaluation of progression of structure changes in
the vertebral column and spinal cord. Significant differences were found
in 5 variables assessed morphometrically between initial and follow-up
MRI, which differs from a recent study that evaluated progression of
OA-CSM using CT imaging, in which no significant differences were
found.® Our results indicated progression of articular facet abnormali-
ties, reduction of spinal cord area and reduction of vertebral canal area.
Significant changes between initial and follow-up MRIs were identified
at sites C3-C4 through C6-C7, with significant differences on >1 vari-
able from C4-5 through C6-C7, consistent with previously reported
common sites associated with CSM.2%%%? The increased prevalence of
changes in the caudal cervical vertebral column compared to the cranial
cervical region likely is reflective of increased movement of the verte-
bral column in this area.*

On morphometric examination, significant progression of vertebral
canal stenosis was observed at C4-C5, C5-C6, and C6-C7 (3/6; 50% of
the measured disc spaces). On morphologic assessment, 23/59 (39.0%)
of sites of vertebral canal stenosis worsened. Similarly, there was a
higher amount of change in spinal cord compression and resulting area
of the spinal cord on morphometric analysis compared to morphologic
analysis (4/6; 66.7% and 17/59; 28.8% change, respectively), but similar
rates of perceived articular facet changes (2/6; 33.3% and
41/118; 34.7%).

Although in many instances there was agreement between the
morphologic and morphometric assessments, the morphometric assess-
ments demonstrated more differences. This disparity potentially reflects
human error being involved more with morphologic assessment, which
is supported by the variation in interobserver agreement despite having
strict assessment criteria. Differences in morphologic and morphometric
assessments were found in a CT study, in which differences were
attributed to changes in positioning and relation of vertebra secondary
to surgical changes.?” Most of the significant changes on morphometric
examination were in vertebral canal and spinal cord area, and most
appeared concurrently. Changes in the spinal cord and vertebral column
are likely more difficult to assess visually when occurring together, as
often is the case with vertebral canal stenosis and spinal cord atrophy.!!
The decrease in both makes subtle changes more difficult to appreciate

on morphologic assessment.

Importantly, although 1 explanation for the discrepancies is that
morphometrics are more sensitive, a retrospective study assessing
reviewer measurement across a variety of imaging modalities and ana-
tomical structures cautioned readers about the unreliable nature and
overinterpretation of morphometric values.*®

Extradural synovial cysts arise from periarticular joint tissue and are
seen in approximately 20% of dogs with OA-CSM.*° In our study,
2 cysts seen on initial imaging resolved, whereas 4 new ones devel-
oped. For 1 of the cysts that resolved, the same dog developed 2 new
cysts. It is unknown why the cysts resolved, but CSM is a dynamic pro-
cess, and it is possible that cysts improve and worsen with different
positioning of the vertebral canal*' A recent case report showed
decreases in synovial cyst size over 3.5 years in the lumbosacral spine
of a dog.*? Proposed mechanisms for decreased cyst size included res-
toration of stability, spontaneous rupture, and use of anti-inflammatory
drugs.*? In the human medical literature 3 reports document resolution
of synovial cysts.*>+°

The clinical relevance of spinal cord signal changes seen on MRI is
unclear.%® In our study, medically managed dogs remained static clini-
cally, but showed progression of spinal cord changes. Both dogs that
had surgery had progression of spinal cord signal changes but remained
either clinically static or improved. Signal changes within the spinal cord
of dogs with CSM are significantly more likely in dogs with a chronic
history, more severe neurologic deficits, and with moderate or severe
spinal cord compression.*”

Articular process changes are a key feature of OA-CSM and 1 of
the most common causes of vertebral canal stenosis and spinal cord
compression in dogs with this disease.”” The caudal articular processes
are shown to be 45% and 37% larger in dogs with CSM at C5-Cé and
C6-C7, compared to breed-matched controls, and the cranial articular
processes at C6-C7 are 26% larger.? In our study, significant progres-
sion of articular process proliferation was observed, showing that not
only is there increased proliferation in dogs with CSM compared to
those without, but also that it progresses. Although the exact patho-
physiology causing these changes is unknown, studies in humans have
demonstrated that osteoarthritic changes of the articular processes

48-50 secondary to

related to age result from adjacent disc degeneration
a combination of genetic predisposition, previous injury, obesity, abnor-
mal biomechanics and joint overload.*®°%>! This situation is different
than that of the OA-CSM canine population, in which articular
osteoarthritis tends to occur in young adult dogs because it is not
always associated with intervertebral disc degeneration.?

Of the 2 dogs that underwent surgery, both had worsening of ver-
tebral canal stenosis at 3 sites adjacent to the dorsal laminectomies,
2 of them resulting in spinal cord compression. In comparison, of the
9 medically managed dogs (53 disc sites assessed), only 4 additional
sites of compression were identified. These findings are consistent with
those of other studies describing the “domino effect,” or adjacent seg-
ment disease, which is reported in up to 20% of dogs with CSM treated
surgically®? and is described as degeneration of intervertebral sites adja-
cent to sites with surgical correction. In a long-term follow-up study of
OA-CSM dogs treated by surgical distraction and stabilization, 1 of
7 developed a “domino” lesion.?” Some studies in DA-CSM dogs have
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shown that these adjacent segment lesions were more common with
stabilization techniques as opposed to decompressive techniques,®>>*
whereas other studies showed no difference in patients undergoing
surgery with or without stabilization techniques.>?

Limitations of our study are the small number of cases examined as
well as the small number that were surgically managed compared with
medically managed dogs. Because long-term MRI follow-up is difficult
to achieve, we included surgically and medically managed dogs to better
understand not only the natural progression of the disease, but also the
influence of surgery on nearby sites. Another limitation is that the MRI
protocol was not standardized for all cases in the initial and follow-up
studies, but all dogs were imaged using high-field MRI scanners and
with an overall similar protocol. Although interobserver agreement was
variable, for the variables with slight or worse agreement, many were
falsely lowered because the expected agreement was close to 100%.
Therefore, slight variations caused large changes to kappa, and
agreement likely was better than portrayed statistically.

Long-term follow-up remains a pivotal feature for understanding
the progression of lesions seen in OA-CSM. Previously 3 reports on
long-term outcome of dogs with CSM have been published. Two of
these were done using CT®27 and 1 using MRI evaluated DA-CSM in
Doberman pinchers.” Ours is the first study to evaluate long-term
changes using MRI in dogs with OA-CSM. Although the study on
Dobermans identified very little progression over 1 year, our study
identified more changes over the >2-year follow-up period. This result
might be in part because of the passage of time, or differences in
pathophysiology between OA-CSM and DA-CSM. Although our study
showed that most dogs stabilize clinically, a subset of patients were
still alive at least 2 years after initial diagnosis. The conclusions may
not reflect the overall population of dogs with OA-CSM.
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