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Degenerative spinal disease, a common ailment in
people and dogs,'? is characterized by degenera-

OBJECTIVE

To evaluate agreement in results obtained with an MRI-based grading
scheme and a macroscopic observation—based grading scheme when used
to assess intervertebral disk (IVD) degeneration in cats.

SAMPLE
241 MRI and 143 macroscopic images of singular [VDs in 44 client-owned
cats (40 cadaveric and 4 live).

PROCEDURES

Singular images of IVDs were obtained of live cats admitted for treatment
of suspected neurologic disease (MRI images of IVDs) and of cadavers of
cats euthanized for reasons unrelated to spinal disease (MRI and macro-
scopic images of IVDs) at the Small Animal Hospital, Vetsuisse Faculty, Zu-
rich, Switzerland, between January 12, 2015, and October 19, 2015. The
IVD images were randomized and evaluated twice by 4 observers for each
grading scheme. Inter- and intraobserver reliability for the grading schemes
was assessed with Cohen weighted x analysis. Agreement and correlation
between results obtained with the 2 grading schemes were determined
with Cohen weighted k and Spearman correlation coefficient (p) analyses,
respectively.

RESULTS

Inter- and intraobserver agreement between results was substantial to al-
most perfect (mean weighted x, 0.66 to 0.83 and 0.71 to 0.86, respective-
ly) for the MRI-based grading scheme and moderate to substantial (mean
weighted k, 0.42 to 0.80 and 0.65 to 0.79, respectively) for the macroscopic
observation—based grading scheme. Between the 2 grading schemes, agree-
ment in results was moderate (mean + SE weighted k, 0.56 + 0.05), and the
correlation was strong (p = 0.73).

CONCLUSIONS AND CLINICAL RELEVANCE

Results indicated that the MRI-based and macroscopic observation—based
grading schemes used in the present study could be used reliably for clas-
sifying IVD degeneration in cats. (Am J Vet Res 2020;81:309-316)

dard for evaluating the degenerative status of IVDs
is postmortem macroscopic and histologic evalua-

tion of different spinal structures, and IVD degenera-
tion has been most investigated.3-> To date, MRI is con-
sidered the most reliable diagnostic tool to evaluate
IVD degeneration status and to grade IVD degenera-
tion in people®” and dogs.3® Although the gold stan-
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tion, for antemortem classification purposes, several
MRI-based and gross morphologically based grading
schemes for lumbar and cervical IVD degeneration
have been described in people.®”1-14 Of these, the
MRI-based grading scheme reported by Pfirrmann
et al” and the macroscopic observation-based grad-
ing scheme reported by Thompson et al'® are most
widely used and validated for systematic evaluation
of IVD degeneration. More recently, these 2 grading
schemes have been successfully adapted and validat-
ed for evaluating IVD degeneration in dogs.®15> Addi-
tionally, both of these schemes are known to have
substantial agreement with each other," indicating
that MRI, to a large extent, reflects gross pathological
changes in IVDs.
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Intervertebral disk degeneration in cats has been in-
vestigated less extensively than that in people and dogs,
and the incidence of IVD disease in cats is lower,'¢-19
although the disease is still common.?’-2% Additionally,
studies?*2124 dating from the 1960s show that cats seem
to have IVD degeneration with morphological charac-
teristics similar to those in affected people and dogs. Al-
though the macroscopic and histologic aspects of IVD
degeneration in cats have been described,?0-222425 the
condition in cats has not been analyzed systematically
with standardized grading schemes.

Therefore, the objectives of the present study
were to evaluate the agreement and correlation be-
tween an MRI-based grading scheme (modified from
that reported by Pfirrmann et al”) and a macroscopic
observation-based grading scheme (modified from
that reported by Thompson et al'®) when used to as-
sess IVD degeneration in cats. We hypothesized that
the results for the 2 grading schemes would have
substantial to almost perfect inter- and intraobserver
agreement and that there would be almost perfect
agreement and a strong, positive correlation between
results for the 2 grading schemes.

Materials and Methods

Animals

Client-owned cats admitted to the Small Animal
Hospital, Vetsuisse Faculty, Zurich, Switzerland, be-
tween January 12, 2015, and October 19, 2015, be-
cause of suspected neurologic disease and cadavers
of cats euthanized at the same facility for reasons un-
related to spinal disease were eligible for inclusion.
Owner consent for inclusion of each cat, including
cadaveric cats, was obtained. Living cats were only
included in evaluation of the MRI-based grading
scheme. Cadaveric cats, all collected and processed
within 24 hours after death, were included in evalua-
tion of both grading schemes.

Modified Pfirrmann grading scheme

On the basis of results from a previous study* and
the grading scheme reported by Pfirrmann et al,” we
developed and used an MRI-based grading scheme
that we referred to as the modified Pfirrmann grad-
ing scheme. Similar to the original Pfirrmann grading
scheme,” we used a grading scale of 1 (healthy) to 5
(end-stage degeneration); however, we modified MRI
criteria for grades 3 and 4. Specifically for grade 3,
the original criterion of clinically normal to slightly
decreased IVD height was modified to clinically nor-
mal IVD height, and the original criterion for NP
structure that appeared nonhomogeneous and gray
was modified to NP structure that appeared hetero-
geneous and gray, with dorsoventrally elongated disk
signal. The remaining MRI criteria for grade 3 were
unchanged. For grade 4, the original criterion of in-
termediate to hypointense IVD signal was modified
to hypointense IVD signal; all other criteria for grade
4 remained unchanged.

To obtain images of IVDs for evaluation with the
modified Pfirrmann grading scheme, MRI was per-
formed on cadaveric and live cats. A 3-T high-field
scanner® with a head, neck, and spine coil, com-
bined with a posterior coil,* was used, and sagittal
T2-weighted spin-echo images (repetition time, 3,000
milliseconds; echo time, 100 milliseconds) obtained
from the C1-2 IVD to the L7-S1 IVD were obtained
at a slice thickness of 2.5 mm. The images were ex-
amined on standard computer screens and with use
of commercial software.¢ From these images, an in-
dependent observer (TB) not involved in assessment
with the grading schemes selected individual cervi-
cal, thoracic, and lumbar IVDs that had a broad spec-
trum of different stages of degeneration. For the IVDs
selected, singular median IVD images (with the spi-
nal cord located toward the top of each image) were
created, labeled to allow blinded and randomized
evaluation, and exported as single images for assess-
ment with the modified Pfirrmann grading scheme.

Four independent observers (O1 [NA], a resident
in training for certification by the European College of
Veterinary Internal Medicine; O2 [LAS], a postdoctoral
scientist in degenerative spinal disease; O3 [FS], a dip-
lomate of the European College of Veterinary Internal
Medicine; and O4 [PRK], a diplomate of the European
College of Veterinary Diagnostic Imaging) then used
the modified Pfirrmann grading scheme to grade each
of the individual MRI images of IVDs, which were ran-
domized in a spreadsheet program¢ and provided to
the observers, who then accessed the images by hyper-
links in the spreadsheet. Each observer graded all IVDs
twice, with an interval of 2 months between the first
and second rounds of grading. The observers were fa-
miliar with the grading scheme reported by Pfirrmann
et al,” and during the grading procedure, each observ-
er was provided with the modified Pfirrmann grading
scheme and corresponding representative images of
IVDs from dogs with various grades of degeneration.
For IVDs with > 1 grade applicable under the same
criterion, the higher grade was selected because the
IVD was considered to have had signs of progressive
degeneration.

Modified Thompson grading scheme

On the basis of results from a previous study* and
the grading scheme reported by Thompson et al,'® we
developed and used a macroscopic observation-based
grading scheme that we referred to as the modified
Thompson grading scheme. We retained the grading
scale of 1 (healthy) to 5 (end-stage degeneration) re-
ported by Thompson et al'® but modified macroscopic
criteria for grades 1 and 2. For grade 1, the original cri-
terion of AF with discrete fibrous lamellae was modified
to AF with discrete fibrous lamellae and a clear transi-
tion zone. For grade 2, the original criterion of AF with
mucinous material between lamellae was modified to
AF with mucinous material between lamellae and an
unclear transition zone.

Guided by findings on MRI of cadaveric cats, the
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same independent observer (TB) who selected im-
ages from MRIs for use with the modified Pfirrmann
grading scheme also collected singular IVDs in dif-
ferent stages of degeneration and from different re-
gions of the vertebral column (cervical, thoracic, or
lumbar) from cadaveric cats for use with the modified
Thompson grading scheme. Multiple IVDs could be
collected from a cadaver, and MRI images of all IVDs
collected were available. Each IVD collected was
then sawn in the median plane with a water-cooled,
diamond-coated band saw.f A high-resolution macro-
scopic image of each sawed IVD was then taken with
a digital camera system® combined with sample illu-
mination by a 150X photonic cold light source with
a photonic standard ring light." Digital photographs
were optimized with product-specific imaging man-
agement software,! and singular high-definition im-
ages were created and labeled to allow a blinded, ran-
domized evaluation.

These macroscopic images of IVDs were graded
with the modified Thompson grading scheme ac-
cording to structure and pathological changes in the
NPs, AFs, EPs, and VBs. Grading was performed by
3 of the same observers who graded MRI images of
IVDs under the modified Pfirrmann grading scheme;
however, the diplomate of the European College of
Veterinary Diagnostic Imaging (PRK) who partici-
pated in that grading was replaced by a veterinary
pathologist (GCMG) experienced in grading IVDs
in dogs. The macroscopic images of individual IVDs
were randomized in the spreadsheet program with a
randomization function® and provided to the observ-
ers, who then accessed the images by hyperlinks in
the spreadsheet. These images were then examined
on standard computer screens by use of commercial
softwareJ Each observer graded images twice, with
an interval of at least 2 months between the first and
second rounds of grading. The grade assigned to each
IVD was the highest grade applicable for any of the
structures assessed, and when > 1 grade was appli-
cable for the same criterion, the higher grade was
selected.

Statistical analysis

The inter- and intraobserver agreements were
determined with the Cohen weighted « analysis,20-28
which calculated the percentage of agreement among

the grades assigned, corrected by the possibility that
the same grades were assigned by chance. Statistical
softwarek and an online calculator! were used to cal-
culate the SEs and confidence intervals of the weight-
ed k values obtained. Agreement in results obtained
with the 2 different grading schemes was interpreted
as slight (weighted x, 0 to 0.20), fair (weighted x, 0.21
to 0.40), moderate (weighted ¥, 0.41 to 0.60), sub-
stantial (weighted x, 0.61 to 0.80), or almost perfect
(weighted k, 0.81 to 0.99). Agreement and disagree-
ment between results for observers applying the 2
different grading schemes were expressed as num-
bers and percentages of IVDs assessed under each
grading scheme. To investigate whether IVDs from
the cervical, thoracic, and lumbar segments of the
vertebral column could be graded with the 2 modi-
fied schemes, inter- and intraobserver agreement in
grades assigned under each of the schemes was cal-
culated separately for IVDs grouped by vertebral col-
umn segment (cervical, thoracic, or lumbar).

To calculate the agreement and correlation
of results obtained with the 2 grading schemes,
and hence whether the grade of an IVD on MRI
(assessed with the modified Pfirrmann grading
scheme) corresponded to the macroscopic state
(assessed with the modified Thompson grading
scheme), the mean grade under each scheme was
calculated for each IVD by averaging the grades as-
signed by the 3 observers (O1, 02, and O3) who
graded with both schemes. Once the mean grade
under each grading scheme was determined for
cach IVD, Cohen weighted x analysis and Spear-
man rank correlation coefficients (p) were used to
calculate agreement and correlation, respectively.
Values of P < 0.05 were considered significant.

Results

Animals

Forty-four cats (40 cadaveric and 4 live) were in-
cluded, and the mean % SD age was 13 + 4.5 years
(range, 2 to 17 years; Table |; Supplementary
Table SI, available at: avmajournals.avma.org/doi/
suppl/10.2460/2ajvr.81.4.309). There were 24 males
(21 castrated and 3 sexually intact) and 17 females
(13 spayed and 4 sexually intact). All cats had been
evaluated at the Small Animal Hospital, Vetsuisse Fac-

Table I—Descriptive summary of the IVDs in 44 cats with various stages of IVD degeneration imaged (MRI [n = 241], macro-
scopic [143], or both) for evaluation with the modified Pfirrmann and modified Thompson grading schemes between January 12,
2015, and October 19, 2015, stratified by vertebral column segment and cat age.

No. of cervical IVDs

No. of thoracic IVDs No. of lumbar IVDs

Cat age (y) No. of cats MP MT MP MT MP MT
<5 5 9 5 7 4 7 4
>5and< 10 12 16 I 23 10 16 1

>10 27 43 27 75 44 45 27

MP = Modified Pfirrmann grading scheme (MRI-based grading scheme). MT = Modified Thompson grading scheme (macroscopic observa-

tion—based grading scheme).
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ulty, Zurich, Switzerland. The 40 cadaveric cats had because of IVD disease (n = 3) or myelopathy (1). Fur-
been euthanized because of reasons unrelated to spi- ther, the 4 live cats were only included in evaluation
nal disease, and the 4 live cats had been evaluated of the modified Pfirrmann grading scheme.

Table 2—Inter- and intraobserver agreement and disagreement in results obtained by 4 independent observers during 2 rounds of
grading the imaged IVDs described in Table | under the modified Pfirrmann (n = 241) and modified Thompson (143) grading schemes.

No (%) IVD No (%) IVD No (%) IVD No (%) IVD
grades in grades in disagreement grades in disagreement grades in disagreement
Comparisons Mean * SE agreement by I grade by 2 grades by 3 grades
Modified Pfirrmann
Interobserver round |
Ol-02 0.74 £ 0.03 167 (69.3) 73 (30.3) 1 (0.4) 0 (0)
Ol1-03 0.73 £ 0.03 160 (66.4) 80 (33.2) 1 (0.4) 0(0)
Ol-04 0.69 + 0.03 151 (62.7) 87 (36.1) 3(1.2) 0(0)
02-03 0.81 +0.02 184 (76.3) 57 (23.7) 0(0) 0 (0)
02-04 0.80 + 0.03 185 (76.8) 54 (22.4) 2 (0.8) 0(0)
03-04 0.83 £0.23 191 (79.3) 49 (20.3) 1 (0.4) 0(0)
Interobserver round 2
Ol1-02 0.69 + 0.03 159 (66.0) 76 (31.5) 6 (2.5) 0(0)
Ol-03 0.73 £ 0.03 161 (66.8) 78 (32.4) 1 (0.4) 1 (0.4)
Ol-04 0.71 £ 0.03 164 (68.0) 69 (28.6) 5(2.1) 3(1.2)
02-03 0.73 £ 0.03 166 (68.9) 73 (30.3) 2(0.8) 0(0)
02-04 0.66 + 0.03 157 (65.1) 73 (30.3) 10 (4.1) 1 (0.4)
03-04 0.71 £ 0.03 171 (71.0) 59 (24.5) 7(29) 4(1.7)
Intraobserver
Ol 0.71 £0.03 151 (62.7) 86 (35.7) 4(1.7) 0(0)
02 0.86 + 0.02 202 (83.8) 39 (16.2) 0(0) 0 (0)
o3 0.83 +0.02 190 (78.8) 51 (21.2) 0(0) 0(0)
O4 0.81 £ 0.0l 189 (78.4) 49 (20.3) 3(1.2) 0(0)
Modified Thompson
Interobserver round |
Ol-02 0.74 £ 0.03 90 (62.9) 51 (35.7) 1(0.7) 1(0.7)
Ol-03 0.72 £ 0.03 97 (67.8) 43 (30.1) 3210 0 (0)
Ol1-04 0.69 + 0.03 87 (60.8) 53 (37.1) 3 (2.1) 0(0)
02-03 0.81 £ 0.02 82 (57.3) 53 (37.1) 6(42) 2(1.4)
02-04 0.80 + 0.03 65 (45.5) 75 (52.4) 3210 0 (0)
03-04 0.80 +0.23 83 (58.0) 57 (39.9) 2 (1.4) 1(0.7)
Interobserver round 2
Ol-02 0.80 + 0.03 102 (71.3) 40 (28.0) 1(0.7) 0 (0)
Ol1-03 0.65 + 0.04 78 (54.5) 54 (37.8) 11 (7.7) 0 (0)
Ol-04 0.57 £ 0.04 64 (44.7) 72 (50.3) 6(42) 1(0.7)
02-03 0.73 £ 0.04 90 (62.9) 50 (35.0) 3210 0 (0)
02-04 0.53 +0.04 60 (42.0) 75 (52.4) 8 (5.6) 1 (0.7)
03-04 0.42 £ 0.05 39(27.2) 86 (60.1) 17 (11.9) 1(0.7)
Intraobserver
Ol 0.77 £ 0.03 95 (66.4) 47 (32.9) 1 (0.7) 0(0)
02 0.79 £ 0.03 102 (71.3) 40 (28.0) 0(0) 1(0.7)
o3 0.65 + 0.04 77 (53.8) 58 (40.6) 8(5.6) 0 (0)
04 0.74 £+ 0.04 102 (71.9) 39 (27.3) 2 (1.4) 0 (0)

Table 3—Interobserver agreement in results depicted in Table 2 stratified by VD vertebral column segment and grading round.

Modified Pfirrmann grading scheme Modified Thompson grading scheme
Vertebral Round | Round 2 Round | Round 2
column
segment Comparison  Weightedx  SE 95% ClI Weightedx  SE 95% CI Weightedx  SE 95% ClI Weighted « SE 95% CI
Cervical
0O1-02 0.73 0.05 0.63-0.83 0.68 0.06 0.57-0.79 0.70 0.06 0.58-0.82 0.73 0.06 0.61-0.85
0O1-03 0.72 0.05 0.62-0.82 0.65 0.05 0.54-0.75 0.75 0.06 0.62-0.87 0.63 0.08 0.47-0.79
Ol1-04 0.70 0.05 0.61-0.80 0.69 0.05 0.59-0.79 0.66 0.07 0.52-0.80 0.50 0.07 0.36-0.36
02-03 0.88 0.04 0.81-0.96 0.71 0.05 0.61-0.82 0.63 0.07 0.48-0.77 0.67 0.08 0.52-0.82
02-04 0.82 0.05 0.72-0.91 0.66 0.05 0.55-0.77 0.47 0.08 0.32-0.62 0.51 0.08 0.36-0.67
03-04 0.85 0.04 0.76-0.93 0.73 0.05 0.62-0.84 0.65 0.07 0.52-0.79 0.35 0.09 0.18-0.53
Thoracic
0O1-02 0.76 0.04 0.68-0.85 0.71 0.04 0.63-0.80 0.76 0.05 0.86-0.86 0.78 0.04 0.69-0.87
Ol1-03 0.68 0.05 0.58-0.77 0.76 0.04 0.68-0.85 0.76 0.05 0.66-0.87 0.49 0.07 0.36-0.63
O1-04 0.68 0.05 0.58-0.77 0.65 0.06 0.53-0.77 0.70 0.06 0.58-0.81 0.56 0.07 0.43-0.70
02-03 0.8l 0.04 0.74-0.89 0.71 0.05 0.62-0.80 0.70 0.06 0.57-0.82 0.60 0.07 0.47-0.74
02-04 0.76 0.04 0.69-0.85 0.62 0.06 0.50-0.73 0.70 0.05 0.60-0.81 0.50 0.07 0.35-0.64
03-04 0.85 0.03 0.79-0.92 0.66 0.06 0.53-0.78 0.66 0.07 0.53-0.79 0.43 0.07 0.45-0.95
Lumbar
Ol1-02 0.70 0.05 0.60-0.80 0.64 0.06 0.52-0.76 0.68 0.07 0.54-0.83 0.78 0.08 0.62-0.93
O1-03 0.77 0.04 0.69-0.85 0.72 0.05 0.62-0.81 0.70 0.08 0.55-0.84 0.62 0.09 0.43-0.80
O1-04 0.67 0.05 0.57-0.77 0.77 0.05 0.68-0.87 0.64 0.08 0.48-0.81 0.58 0.09 0.40-0.76
02-03 0.70 0.05 0.60-0.80 0.66 0.05 0.56-0.76 0.58 0.08 0.43-0.73 0.75 0.07 0.62-0.88
02-04 0.82 0.05 0.73-0.91 0.63 0.06 0.50-0.75 0.62 0.07 0.48-0.77 0.58 0.09 0.41-0.75
03-04 0.76 0.04 0.67-0.85 0.72 0.05 0.61-0.82 0.62 0.07 0.47-0.76 0.46 0.09 0.28-0.64

Cl = Confidence interval.
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Modified Pfirrmann grading
scheme

There were 241 singular, median
plane MRIimages of separate IVDs (68
cervical, 105 thoracic, and 68 lumbar)
evaluated under the modified Pfir-
rmann grading scheme, and grades
ranged from 1 (healthy) to 5 (end-
stage degeneration; Figures | and
2; Supplementary Table S2, avail-
able at: avmajournals.avma.org/doi/
suppl/10.2460/ajvr.81.4.309). Inter-
observer agreement ranged from
substantial (mean + SE weighted «x,
0.69 £ 0.02) to almost perfect (mean
+ SE weighted x, 0.83 £ 0.23) for the
first grading round and was substan-
tial (mean * SE weighted ¥, 0.66 *
0.03 to 0.73 + 0.03) for the second
grading round (Table 2). The intra-
observer agreement under the modi-
fied Pfirrmann grading scheme was
substantial to almost perfect (mean
+ SE weighted k, 0.71 £ 0.03 [O1];
0.86 £ 0.02 [02]; 0.83 + 0.02 [O3];

and 0.81 £ 0.01 [O4]). When grading §

results were considered on the basis
of vertebral column segment (cervi-
cal, thoracic, or lumbar), substantial
to almost perfect agreement was
detected between observers, with
comparable interobserver agreement
for each of the 3 segments in both
rounds of grading (Table 3).

Modified Thompson grading
scheme

There were 143 singular macro- |

scopic images of IVDs (43 cervical, 58
thoracic, and 42 lumbar) from 35 ca-

daveric cats evaluated with the modi- £%

fied Thompson grading scheme. The
remaining 5 cadaveric cats were not

used for macroscopic evaluation be- §
cause there was no possibility to col-

lect fresh macroscopic samples in the
appropriate time span after euthana-
sia. Grades ranged from 1 (healthy) to
5 (end-stage degeneration; Figure 1).
Marked degenerative changes (ie, as-
signed grades of 4 or 5) of the EPs or
VBs were seen relatively infrequently
(22/143 [15.3%] and 29/143 [20.3%],
respectively). New bone formation
was observed on the ventral aspect of

Figure |1—Representative median plane T2-weighted spin-echo MRI (rows A,
C, and E) and macroscopic (rows B, D, and F) images of cervical (rows A and B),
thoracic (rows C and D), and lumbar (rows E and F) IVDs of 35 cadaveric cats
(euthanized for reasons unrelated to spinal disease) showing increasing stages
of IVD degeneration as evaluated with the modified Pfirrmann and modified
Thompson grading schemes (grades | [healthy; far left image of each row] to 5
[end-stage degeneration]; far right image of each row]). In each image, cranial is
toward the left, and dorsal is toward the top.

VBs in only 23 of the 143 (16.1%) IVD images evalu- Each observer graded images twice, with an inter-
ated with the modified Thompson grading scheme,  val of > 2 months between the first and second rounds
and 4 cats had bony proliferations or bridges inIVDs  of grading. One observer (GCMG) performed the sec-
that otherwise appeared completely healthy (Figure  ond grading round 1 year after the first round and in

2).

some instances used magnification to evaluate the EPs

AJVR *Vol 81 * No. 4 « April 2020 313



Figure 2—Median plane macroscopic (A) and T2-weighted spin-echo MRI (B)

both the modified Pfirrmann (mean
weighted ¥, 0.66 to 0.83 and 0.71 to
0.86, respectively) and the modified
Thompson (mean weighted ¥, 0.42
to 0.80 and 0.65 to 0.79, respectively)
grading schemes. These findings par-
tially supported our hypothesis that the
results for the 2 grading schemes would
have substantial to almost perfect inter-
and intraobserver agreement in that
such was identified for the modified
Pfirrmann grading scheme; however,
our findings for the modified Thomp-
son grading scheme indicated moder-
ate to substantial inter- and intraobserv-
er agreement. Although a strong, posi-
tive correlation was identified between

images of the L7-SI IVD of a 4-kg 6-year-old spayed female European Shorthair results obtained with these 2 grading
cat (euthanized for a reason unrelated spinal disease) showing extensive (> 2 mm) schemes, the agreement between re-
ventral new bone formation (arrows) without any evident signs of degeneration ¢ [ts was moderate. which was lower

of the NP, AF, or EPs.

during the second round. Interobserver agreement un-
der the modified Thompson grading scheme was sub-
stantial (mean = SE weighted , 0.69 £ 0.03 to 0.80 %
0.23) for the first grading round and ranged from mod-
erate (mean * SE weighted «, 0.42 + 0.04) to substantial
(mean * SE weighted «, 0.80 £ 0.03) for the second grad-
ing round (Table 2). Intraobserver agreement under the
modified Thompson grading scheme was substantial
(mean = SE weighted x, 0.77 £ 0.03 [O1]; 0.79 £ 0.03
[O2]; 0.65 £ 0.04 [O3]; and 0.74 £ 0.04 [O4]). However,
04 consistently assigned higher degeneration grades
for the EPs in round 2, compared with round 1, which
resulted in higher overall grades assigned to IVDs in
round 2, compared with round 1. When grading results
were considered on the basis of vertebral column seg-
ment (cervical, thoracic, or lumbar), moderate to sub-
stantial agreement was detected between observers,
with comparable agreement in results for each of the 3
segments in both grading rounds (Table 3).

Agreement and correlation in results
from the 2 grading schemes

Agreement between results obtained with the
modified Pfirrmann and modified Thompson grading
schemes was moderate (mean + SE weighted k, 0.56
* 0.05). In addition, strong positive correlations in re-
sults were identified between the modified Pfirrmann
and modified Thompson grading schemes overall (p
=0.73; P < 0.001) and for each of the 3 observers (p =
0.75 [O1], 0.72 [02], and 0.77 [O3]) that graded IVDs
with both grading schemes.

Discussion

To our knowledge, the present study was the
first to report a standardized process for classifying
IVD degeneration in cats on the basis of MRI and
macroscopic observation. Moderate to almost perfect
inter- and intraobserver agreement was detected for

than we hypothesized. On the basis of

these findings, we rejected our second
hypothesis that the results for the 2 grading schemes
would have almost perfect agreement and a strong,
positive correlation.

The first detailed report?® describing IVD degen-
eration in cats divided IVD degeneration into several
distinct stages, starting with increased opacity of the
NP, followed by immigration of fibrous tissue, sepa-
ration and distortion of the AF lamellae, and subse-
quent distortion of the architecture of the disk. Our
findings supported that IVD degeneration in cats in-
volves changes of all components of the IVD, includ-
ing the NP, AF, both EPs, and VBs. Hence, evaluation
of these structures with the modified Pfirrmann and
modified Thompson grading schemes was applicable
to IVDs in cats, which have degenerative changes
that are, to a large extent, similar to the pathologi-
cal changes observed in people and dogs.'*!> The
main alterations we made to the MRI-based grading
scheme reported in human medicine by Pfirrmann
et al” were to provide clarification in descriptions
of the structure, shape, and signal intensity of the
NP on MRI. Our modifications did not result in in-
clusion of essentially different characteristics of de-
generation. Similarly, we slightly altered the macro-
scopic observation-based grading scheme reported
in human medicine by Thompson et al'® mostly by
further distinguishing grades 1 and 2 by character-
istics of the transition zone between the AF and NP,
which is clearly defined and described in adult cats.?
Microscopically, this transition zone has been de-
scribed in cats as basophilic area that is gradually
replaced by dense fibrillar tissue as part of the degen-
eration process,?> which is in contrast to humans and
dogs in which cell replacement with chondroid tissue
in this transition zone is observed at a young age.?*30
Thus, the loss of a clear transition zone may be used
as a microscopic indicator of early IVD degeneration
in adult cats.
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The agreement in results obtained with the
modified Pfirrmann and modified Thompson grad-
ing schemes in the present study (mean weighted x,
0.66 to 0.83 [substantial to almost perfect] and 0.42
to 0.80 [moderate to substantial], respectively) was
comparable to findings in people evaluated with the
Pfirrmann and Thompson grading schemes (x, 0.74 to
0.81 and 0.76 to 0.88 [substantial to almost perfect],
respectively) but lower than finding in dogs (x, 0.87
to 091 [almost perfect] and 0.69 to 0.94 [substantial
to almost perfect], respectively).”81%15 Several expla-
nations for the discrepancy between these studies
can be considered. For instance, in the present study,
no training period was included, whereas in the stud-
ies®10 examining IVDs of dogs, a training period for
all observers was included, likely resulting in a higher
interobserver agreement. In addition, with respect to
the modified Pfirrmann grading scheme, high-field
MRI, as used in the present study, may depict more
subtle changes in degenerating IVDs that can result
in a less clear distinction between various IVD de-
generation grades.3132 Further, the IVDs of cats are
smaller than those of most dogs, rendering images of
IVDs in cats more susceptible to volume-averaging
artifacts and hampering consistent grading between
observers.?

Although the IVD morphological changes ob-
served macroscopically during evaluation with the
modified Thompson grading scheme in the present
study were largely similar to IVD degeneration in
people and dogs, several clear distinctions could be
observed. In contrast to IVD degeneration in people
and dogs, changes of the EPs were seen relatively in-
frequently in the present study. This finding may have
been because EPs in cats are relatively thin, making
accurate assessment difficult, whereas EPs in people
are thicker and therefore may demonstrate more pro-
nounced distortions with advanced IVD degenera-
tion.> To determine whether EPs in cats are subject
to substantial degenerative changes, histologic evalu-
ation of EPs of cats is necessary.

Similar to EP changes, degenerative changes of
the VBs were relatively infrequent. Ventral new bone
formation was observed in only 23 of 143 IVDs. In-
terestingly, in 4 cats, bony proliferations or bridges
were observed in IVDs that otherwise appeared com-
pletely healthy. Similar observations have also been
reported in dogs.'>3%35 Although IVD degeneration
seems to be the most common cause for bony pro-
liferations of the VBs, there are other causes, such
as diffuse idiopathic skeletal hyperostosis, which has
been reported in 1 cat.3

In the present study, a strong, positive correla-
tion (p = 0.73) was detected between results obtained
with the modified Pfirrmann grading scheme and
those obtained with the modified Thompson grad-
ing scheme. These results were comparable with
results reported™ in human medicine in which a co-
efficient of determination of 0.80 was identified be-
tween results obtained with the Pfirrmann grading

scheme and a modified Thompson grading scheme
when used to evaluate transverse macroscopic IVD
images. However, our findings for agreement be-
tween results obtained with the 2 modified grading
schemes used in the present study (mean weighted
K, 0.56) were lower than the agreement (k, 0.70) re-
ported for a study® in dogs for which the original
grading schemes described by Pfirrmann et al” and
Thompson et al'® were used. One explanation for this
difference could have been that the smaller size of
IVDs in cats, compared with those in dogs and peo-
ple, may have resulted in observers underestimating
the macroscopic pathological changes.?® In addition,
MRI slice thickness could have contributed to the
lower agreement in the present study because images
slightly paramedian could have led to underestima-
tion of IVD degeneration. Furthermore, although MRI
of IVDs in cats may reveal marked changes, mainly
involving loss of signal intensity and distinction be-
tween the NP and AF in the initial degenerative stag-
es, such changes may not have been evident macro-
scopically and thereby may have contributed to lower
agreement in the present study.

A limitation of the present study was that relative-
ly few IVDs were classified as grades 4 or 5, which
may have resulted in a relatively low power for as-
sessment of IVDs in higher stages of degeneration.
Another limitation was that the interobserver agree-
ment under the modified Thompson grading scheme
was substantially lower for O4, compared with that
of the other 3 observers. Contributing factors to this
finding may have been that the interval between the
first and second rounds of grading was notably longer
for O4, compared with that for the other 3 observers,
and that because EPs in cats are relatively thin and
hence difficult to evaluate, O4 used magnification to
evaluate the EPs in some instances during the second
round of grading. However, as mentioned earlier, the
clinical importance of EP changes in cats remains a
topic of discussion and requires further evaluation on
a histopathologic level.

On the basis of our findings, we believe that the
modified Pfirrmann and modified Thompson grad-
ing schemes used in the present study can be reli-
ably used to classify IVD degeneration in cats. Results
of the present study indicated that use of these 2
modified grading schemes allowed for standardized
evaluation of IVD degeneration in cats and provided
a strong basis for future studies, including evaluations
of clinical cases and in-depth investigations on histo-
logic and biochemical levels, of IVD degeneration in
cats.
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