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ABSTRACT
Background

Magnetic resonance imaging (MRI) is the modality of choice for the radiological
evaluation of neck pain, both with and without neurological symptoms. Magnetic
resonance imaging offers a detailed, non-invasive investigation of the spinal cord and
nerve roots without exposing patients to radiation.

Objective

To determine the intra- and inter-rater reliability of clinically relevant magnetic
resonance imaging classifications of degenerative cervical spine changes in a
Nepalese working population.

Method

Standardized magnetic resonance imaging examinations of the cervical segments
C2/3 to C7/Th1 were conducted as part of a cross-sectional, case-control study of
presumably healthy Nepalese males, i.e., professional porters and white-collar
workers. Two radiologists independently assessed nine parameters: Pfirrmann
grade, anterior osteophytes, disc-osteophyte complex, neural foraminal stenosis,
Schmorl’s node, Modic changes, spinal canal stenosis, scoliosis, and kyphosis. The
same parameters were reassessed after a one-week interval. Gwet’s agreement
coefficient (AC1) was the main agreement measure. Cohen’s kappa and tetrachoric
correlation were also reported to improve interpretability of the results.

Result

Intra-rater reliability for both raters ranged from substantial to almost perfect
agreement (AC1: 0.63 to 0.98). Rater Il showed somewhat higher agreement than
rater . Inter-rater reliability was substantial to almost perfect for all findings (AC1:
0.62 to 0.90), except for spinal canal stenosis (AC1: 0.51), which had moderate
agreement.

Conclusion

The intra- and inter-rater reliability of the magnetic resonance imaging findings
classifying degenerative changes in the cervical spine were acceptable among
presumably healthy workers.
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INTRODUCTION

Magnetic resonance imaging (MRI) is the modality of choice
for the radiological evaluation of neck pain, both with and
without neurological symptoms.? MRI offers a detailed,
non-invasive investigation of the spinal cord and nerve
roots without exposing patients to radiation.! Common
findings on MRl are degenerative changes, often referred to
as cervical spondylosis, characterized by intervertebral disc
degeneration and herniation, osteophyte formation, and
hypertrophy of the facet joints and ligaments.® While these
changes often increase with age, some studies suggest that
physical strain also plays a role.* Moreover, most people
are asymptomatic, but impingement of neural structures
secondary to spondylotic changes may cause pain and/or
neurological impairment.?

Diagnostic accuracy of MRl is crucial for research, diagnosis,
and treatment of neck disorders.??> However, there are
few established grading systems for MRI classifications of
degenerative cervical changes, and the documentation of
their reliability is sparse.>® Convergence of evidence is
difficult due to variations in the use of grading systems for
degenerative changes.! The classification systems should
be easy to understand and practical to be relevant in clinical
practice, as well as reliable for assessing healthy individuals
with variable prevalences of MRI findings.'2*®

The aim of this study was to determine the intra- and
inter-rater reliability of frequently used and clinically
relevant classification systems for cervical degeneration in
a Nepalese working population.

METHODS

The participants of this reliability study were part of a cross-
sectional, case-control study of 50 professional porters
and an age-matched group (x 2 years) of 50 white-collar
workers to assess if the severity of cervical degeneration
is associated with more neck pain-related disability. The
study was conducted in Nepal between June 2023 and
July 2023. We included porters from the Kathmandu Valley
being daily exposed to heavy loads on the cervical spine
to ensure variation in the exposure to physical strain to
the cervical spine among the participants and, possibly,
more variability in the prevalence of degenerative changes
seen on MRI. Females were not included due to the male
predominance among professional porters in Nepal.

For the purpose of this reliability study, we randomly
selected MRI scans of 52 of the 100 participants, i.e., 26
porters and 26 white-collar workers. This number was
based on an a priori sample size calculation, assuming a
kappa of 0.7 and a drop-out rate of 5%, a precision of £ 0.2,
a prevalence of 0.4, and using 95% confidence level (Cl).}*1

The Guidelines for Reporting Reliability and Agreement
Studies (GRAAS) were used to report the study.!' The

grammar of the manuscript was reviewed and improved
using OpenAl’s Chat GTP, but it was not used for data
analysis or manuscript writing.

MRI technique

MR images of the cervical segments C2/3, C3/4, C4/5, C5/6,
C6/7 and C7/Th1 were acquired using a 1.5 T Ingenia MRI
(Philips Medical Systems, Eindhoven, Netherlands) with
the following fast spin echo sequences:

- 11 ms echo time (TE) and 400-750 ms repetition time (TR)
for T1-weighted sagittal images.

- 100 ms TE and 2500-4500 ms TR for T2-weighted sagittal
images.

- Shortest ms TE and 3000-5000 ms TR for T2-weighted
axial images.

- The slice thickness was 3 mm.

- The in-plane resolution was 0.75 x 0.9 mm for the sagittal
plane and 0.7 x 0.9 mm for the axial plane.

MRI assessments

Two radiologists, with 13 years (rater |) and 2 years (rater
II) of experience in evaluating MR images of the cervical
spine assessed all cases, blinded to each other’s ratings,
participant group adherence, and clinical data. The
quality of the images was judged before the assessments.
To avoid misinterpretation of the study protocol and
diagnostic terms, the radiologists reviewed the MRI
images of 20 cases together. The remaining 52 cases were
assessed independently for the inter-rater analyses and
re-evaluated after one week for the intra-rater analyses
(Fig. 1). We chose to dichotomize variables according to
previous recommendations in the literature to improve
interpretability and practicality in clinical use. Table 1
shows details regarding the radiological assessments,
which included the Pfirrmann grade ( = 3: no/yes), anterior
osteophytes (no/yes), disc-osteophyte complex (no/yes:
bulging, protrusion, extrusion, sequestration), neural
foraminal stenosis in the axial plane (Kim grading system
> 1: no/yes), facet joint osteoarthritis (Weishaupt grading
system > 1: no/yes), Schmorl’s nodes (no/yes), Modic
changes (no/yes), spinal canal stenosis (Kang grading
system > 2: no/yes), kyphosis (no/yes) and scoliosis (no/
yes).61628

| 72 Participants underwent MRI of segments C2/3 to C7/Th1 |

20 cases (120 intervertebral levels
to establish consensus

l l

Rater I, assessment I Rater II, assessment T
52 cases (312 intervertebral levels) 52 cases (312 intervertebral levels)

I ! I

Rater I, assessment I1
52 cases (312 intervertebral levels)

Rater II, assessment IT
52 cases (312 intervertebral levels)

Figure 1. Flow chart
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To estimate and interpret intra- and inter-rater reliability,
we assessed chance-corrected agreement using Gwet’s
agreement coefficient (AC1) and Cohen’s kappa, latent
trait modeling with tetrachoric correlation, and observed
agreement (percentage agreement).’*?*33 Gwet’s AC1 was
used as the main agreement measure because it provides
more stable estimates and is less affected by marginal
probabilities and prevalence.?>3%3* [f prevalence is low,
Cohen’s kappa values tend to be disproportionally low,
even zero, despite high percentage agreement (“Kappa
Paradox”).3*3> However, since Cohen’s kappa is the most
frequently reported measure in previous studies, we
still chose to report it for comparability. Assuming that a
latent trait forms the basis of the MRI findings reported
as category variables, we also calculated tetrachoric
correlations for dichotomous variables.*® The rationale
was that this analysis separates a difference in threshold
(calibration) between the two raters from other, less
consistent sources of disagreement.

We used both radiologists’ repeated assessments to
estimate the prevalence of each MRI finding at each
spinal level, and the most senior radiologist’s judgment to
assess participant prevalence (any level in one individual).
Variables with less than eight positive findings were only
assessed with percentage agreement, and not with Gwet’s
AC1, Cohen’s kappa, or tetrachoric correlation.®®

The interpretation of the intra- and inter-rater analyses
were in accordance with the classification by Landis and
Koch, where < 0.00 indicates poor agreement, 0.00 to 0.20
slight agreement, 0.21 to 0.40 fair agreement, 0.41 to 0.60
moderate agreement, 0.61 to 0.80 substantial agreement,
and 0.81 to 1.00 almost perfect agreement.?’

All statistical analyses were performed using STATA
17 (STATACorp, College Station, Texas, USA). Informed
written consent was obtained from all participants. The
study protocol was approved by the Institutional Review
Committee (IRC) in Nepal (IRC, KUSMS: 74/23) and from
the Regional Committees for Medical and Health Research
Ethics (REK) in Norway (REK-nord: 611979). The study was
conducted in accordance with the Declaration of Helsinki.?®

RESULTS

Of the 52 cases assessed by the two raters, the porters’
mean age (standard deviation (SD)) was 40 years (SD + 8.3),
and the white-collar workers’ mean age was 40 years (SD
+ 8.4). Both raters assessed six cervical spine levels (C2-
Th1) at two-time intervals, resulting in a total of 1248 spine
levels assessed (2 radiologists x 6 levels x 52 participants x
2 time points). An additional 208 assessments (2 x 52 x 2) of
the entire cervical spine were evaluated for spinal kyphosis
and scoliosis. No images were excluded due to low quality.

Prevalence of MRI findings

The sum prevalence of positive MRI findings at all levels

Table 1. Description of magnetic resonance imaging (MRI)
parameters assessed at each level of the cervical spine (C2-
Thi).

MRI parameters as- Description
sessed at each level
of the cervical spine

Pfirrmann grade = 3 (no/yes)®

Grade | & Il Homogenous, bright white or inhomogeneous
with or without horizontal bands.

Grade IlI Inhomogeneous, grey.

Grade IV Inhomogeneous, grey to black.

Grade V Inhomogeneous, black.

Anterior osteophyte (no/yes)*”
No No anterior osteophyte.
Yes The presence of anterior osteophyte.

Disc-osteophyte complex (no/yes: bulging, protrusion, extrusion, se-
questration)'’*°

No No disc-osteophyte complex.

Bulging Disc tissue extending beyond the edges of the
ring apophyses, throughout the circumference

of the disc.

Protrusion Disc material extending beyond less than 25%
of the disc space, with the maximum measure
of the displaced disc material is less than the
measure of the displaced material at the disc

space of origin, measured in the same plane.

Extrusion Displaced disc material greater than the base
of the displaced disc material at the disc space

of origin, measured in the same plane.

Sequestration Defined as displaced disc material that has
completely lost continuity with the disc of ori-

gin.

Neural foraminal stenosis according to Kim grading system 2 1 (no/
yes)?

Grade 0 The narrowest width of the neural foramen
greater than the width of the extraforaminal
nerve root at the level of the anterior margin

of the superior articular process.

Grade | The narrowest width of the neural foramen is
51-100% of the width of the extraforaminal
nerve root at the level of the anterior margin

of the superior articular process.

Grade Il The width of the neural foramen is the same
as or less than 50% of the width of the extrafo-

raminal nerve roots.

Facet joint osteoarthritis according to Weishaupt grading system: 2 1
(no/yes)*

Grade 0 Normal facet joint width (~2-4 mm)

Grade | Facet joint narrowing, small osteophytes and/
or articular process hypertrophy

Grade Il Facet joint space narrowing, moderate osteo-
phytes articular process. hypertrophy and/or
small sub-articular bone erosions.

Grade llI Facet joint space narrowing, large osteo-

phytes, severe articular process hypertrophy,
subarticular bone erosions or subchondral
cyst formation.
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Schmorl’s nodes (no/yes)*
No No Schmorl’s nodes.

Yes Disc material displaced into the adjacent bony
endplate of the vertebra.

Modic changes (no/yes: type |, type Il, type 111)%2*
No No Modic changes.

Type | Decreased signal intensity on T1-weighted
spin-echo images and increased signal inten-
sity on T2-weighted images.

Type Il Increased signal intensity on T1-weighted im-
ages and isointense or slightly increased signal
intensi-ty on T2-weighted images.

Type Il Decreased signal intensity on T1-weighted
images and decreased signal intensity on T2-

weighted images.

Spinal canal stenosis according to Kang grading system > 2 (no/yes)®

Grade 0 No narrowing of the spinal canal

Grade | Obliteration of more than 50% of the sub-
arachnoid space, without any sign of cord de-
formity.

Grade Il Central spinal canal stenosis with spinal cord
deformity but no spinal cord signal change.

Grade lll Increased T2 signal intensity of the spinal cord

at the level of compression.

MRI parameters assessed for the whole cervical spine for each par-
ticipant

Kyphosis (no/yes)*?%*
No No kyphosis.
Yes Kyphotic angle in the cervical spine defined as

at least 1°. Measured using the Jackson physi-
ologi-cal stress line method.

Scoliosis (no/yes)?”

No No scoliosis.
Yes A lateral spinal curvature with a Cobb angle >
10°.

assessed by both raters was classified as Pfirrmann grade
> 3 (85.6%), followed by disc-osteophyte complex (26.3%),
spinal canal stenosis (16.4%), neural foraminal stenosis
(8.7%) and anterior osteophytes (4.6%) (Table 2). Appendix
1 shows the MRI findings at each cervical segment, and
Appendix 2 shows common degenerative changes in the
cervical spine on MRI.

Intra-rater reliability

The intra-rater reliability measured by Gwet’s AC1 for both
raters ranged from 0.63 (substantial) to 0.98 (almost perfect)
(Table 3). Cohen’s kappa ranged from 0.50 (moderate)
to 0.94 (almost perfect) (Table 3). Tetrachoric correlation
ranged from 0.77 to 1.00. Rater Il showed somewhat higher
intra-rater agreement than rater I. For the variables with
less than eight positive findings, the percentage agreement
for facet joint osteoarthritis, Schmorl’s node, Modic
changes and scoliosis ranged from 96.2 to 98.1.

Inter-rater reliability

The inter-rater reliability measured by Gwet’s AC1 ranged
from 0.51 (moderate) to 0.90 (almost perfect) (Table

3). Cohen’s kappa ranged from 0.48 (moderate) to 0.71
(substantial). Tetrachoric correlation ranged from 0.71 to
1.00. The inter-rater agreement according to Gwet’s AC1
was lowest for spinal canal stenosis (0.51), the Pfirrmann
grade (0.62), and neural foraminal stenosis (0.69).
Substantial agreement in defining kyphosis (0.66) was
associated with a perfect tetrachoric correlation (1.00).
The percentage agreement for facet joint osteoarthritis,
Schmorl’s node, Modic changes and scoliosis ranged from
94.2 to 98.1.

DISCUSSIONS

Judging by our main agreement measure, Gwet’s AC1,
intra-rater agreement for the assessment of cervical spine
degeneration ranged from substantial to almost perfect,
while inter-rater agreement ranged from moderate to
almost perfect. The assessments of spinal canal stenosis
had the lowest (moderate) agreement. Notably, there
appears to be no prior evaluation of the reliability of
anterior osteophytes, the disc-osteophyte complex, or
the Jackson physiological stress line, meaning that these
findings should be critically appraised in future studies.

We found substantial to almost perfect intra- and inter-
rater reliability for the assessment of anterior osteophytes
(AC1: 0.90) and disc-osteophyte complex (AC1: 0.76). The
use of the disc-osteophyte complex composite variable
is controversial but has been recommended when it is
difficult to distinguish between disc herniation and a
posterior osteophyte in the cervical spine.’®* This is often
the case if no gradient-echo, low flip-angle, thin-section
axial scans are available, as in our study.

Inter-rater reliability (AC1: 0.66) was substantial for
assessing kyphosis using the Jackson physiological stress
line method, which is a simplified version of the Harrison
posterior tangent method.”> The latter, more complex
method, as well as the four-line Cobb method, have
shown substantial to almost perfect reliability (intraclass
correlation coefficient ranging from 0.7 to 1.0).2>*°

As expected, Cohen’s kappa generally had lower agreement
estimates, especially when the prevalence of positive
findings was low. This is illustrated by the moderate
(0.48) inter-rater agreement of the kyphosis variable,
whereas the tetrachoric correlation was perfect (1.00).
This discrepancy indicates that disagreement was caused
mainly by systematic differences in thresholds for defining
kyphosis between the raters, rather than by other random
factors. An advantage of assessing tetrachoric correlation
is that thresholds can be calibrated through feedback and
training to improve agreement. According to our results,
the Pfirrmann grade and spinal canal stenosis could also be
improved by calibration.

The inter-rater reliability for the Pfirrmann grade (Cohen’s
kappa 0.50) was lower than reported by Chen et al.

KATHMANDU UNIVERSITY MEDICAL JOURNAL
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Table 2. The sum prevalence of all positive magnetic resonance imaging (MRI) findings at each spinal level by both raters.

Cervical Pfirrmann
spine level grade>3
Cc2/3 177 (16.6)
c3/4 198 (18.5)
Ca/5 197 (18.5)
C5/6 199 (18.6)
c6/7 180 (16.8)
C7/Thl 117 (11.0)
Preva-lence: 1068/1248=
n (%) (85.6)

Table 3. Prevalence and intra- and inter-rater

in 52 participants.

Pfirrmann grade
Prevalence®: 52 (100%)
Gwet’s AC1° (95% CI°)

Anterior osteo-

phytes

0(0.0)

5 (8.6)
15 (1.2)
21(36.2)
15 (1.2)
2(3.5)

58/1248= (4.6)

Cohen’s weighted kappa® (95% Cl)

Polychorice (SE)f

Percentage agreement (95% Cl)
Anterior osteophytes
Prevalence: 9 (17.3%)

Gwet’s AC1 (95% Cl)

Cohen’s kappat (95% Cl)
Tetrachoric" (SE)

Percentage agreement (95% Cl)
Disc-osteophyte complex
Prevalence: 37 (71.2%)

Gwet’s AC1(95% ClI)

Cohen’s kappa (95% Cl)
Tetrachoric (SE)

Percentage agreement (95% Cl)
Neural foraminal stenosis
Prevalence: 20 (38.5%)

Gwet’s AC1 (95% Cl)

Cohen’s kappa (95% Cl)
Tetrachoric (SE)

Percentage agreement (95% Cl)
Spinal canal stenosis
Prevalence: 30 (57.7)

Gwet’s AC1(95% ClI)

Cohen’s kappa (95% Cl)
Tetrachoric (SE)

Percentage agreement (95% Cl)
Kyphosis

Prevalence: 8 (15.4%)

Gwet’s AC1 (95% Cl)

Cohen’s kappa (95% Cl)
Tetrachoric (SE)

Discosteophyte
complex

15 (4.6)
37(11.3)

62 (18.9)

113 (34.5)

92 (28.1)

9(2.7)
328/1248= (26.3)

reliability of degenerative changes in the cervical spine on magnetic resonance imaging

Rater |

0.72 (0.57 - 0.88)
0.64 (0.46 — 0.82)
0.91 (0.06)

78.9 (67.4—90.3)

0.82 (0.67 — 0.96)
0.51 (0.18 - 0.84)
0.77 (0.15)

86.5 (76.9— 96.1)

0.80 (0.63 — 0.96)
0.73 (0.52 - 0.94)
0.92 (0.06)

88.5 (79.5—97.4)

0.85 (0.70-1.00)
0.84 (0.69 - 0.99)
1.00 (0.00)

92.3 (84.8-99.8)

0.71(0.52-0.91)
0.67 (0.46 — 0.88)
0.92 (0.06)

84.6 (74.5—94.8)

0.88 (0.77-0.99)
0.50 (0.13 - 0.88)
1.00 (0.00)

Neural Facet joint
foraminal osteoarthritis
stenosis

0(0.0) 0(0.0)

9(8.3) 0(0.0)

15 (13.8) 1(50.0)

50 (45.9) 1(50.0)

34 (31.2) 0(0.0)

1(0.9) 0(0.0)
109/1248= 2/1248=(0.2)
(8.7)

Intra-rater reliability

Rater Il

0.63 (0.41-0.85)
0.61 (0.39-0.82)
0.86 (0.09)

80.8 (69.7 —91.9)

0.98 (0.92 — 1.00)
0.92 (0.77 - 1.00)
1.00 (0.00)
98.1(94.2-1.0)

0.97 (0.92 - 1.00)
0.94 (0.81-1.00)
1.00 (0.00)

98.1(94.2 - 1.00)

0.94 (0.84 - 1.00)
0.91 (0.78 - 1.00)
0.99 (0.01)

96.2 (90.8 - 1.00)

0.89 (0.75-1.00)
0.88 (0.75 - 1.00)
0.99 (0.02)

94.2 (87.7 - 1.00)

0.93 (0.82 - 1.00)
0.92 (0.81 - 1.00)
1.00 (0.00)

Schmorl’s
nodes

0(0.0)
0(0.0)
0(0.0)
1(100.0)
0(0.0)
0(0.0)

1/1248=
(0.08)

Modic
changes

1(16.7)
0(0.0)
2(33.3)
3(50.0)
0(0.0)
0(0.0)

6/1248=
(0.5)

Spinal canal
stenosis

4(2.0)
20(9.8)
41(20.1)
87 (42.6)
50 (24.5)
2(1.0)

204/1248=
(16.4)

Inter-rater reliability

0.62 (0.45 - 0.80)
0.50 (0.32 - 0.69)
0.82 (0.11)

71.5 (58.4 - 83.9)

0.90 (0.79 - 1.00)
0.71 (0.43 - 0.98)
0.93 (0.07)

92.3 (84.8-99.8)

0.76 (0.59 — 0.94)
0.57 (0.32 —0.84)
0.88 (0.10)

84.6 (74.5 - 94.8)

0.69 (0.48 - 0.89)
0.62 (0.39-0.85)
0.86 (0.09)

82.7 (72.1-93.3)

0.51(0.26 —0.75)
0.50 (0.25 — 0.74)
0.71(0.13)

75.0 (62.8 — 87.2)

0.66 (0.44 - 0.87)
0.48 (0.24 - 0.72)
1.00 (0.00)
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Percentage agreement (95% Cl)
Facet joint osteoarthritis
Prevalence: 0 (0.0%)
Percentage agreement (95% Cl)
Schmorl’s node

Prevalence: 1 (1.9%)
Percentage agreement (95% Cl)
Modic changes

Prevalence: 3 (5.8%)
Percentage agreement (95% Cl)
Scoliosis

Prevalence: 1 (1.9%)

Percentage agreement (95% Cl)

90.4 (82.1-98.7)

98.1 (94.2 — 1.00)

98.1 (94.2 — 1.00)

96.2 (90.8 — 1.00)

98.1 (94.2 — 1.00)

96.2 (90.8 — 1.00)

98.1 (94.2 — 1.00)

Prevalence O (ratings do not vary)

Prevalence O (ratings do not vary)

Prevalence O (ratings do not vary)

78.9 (67.4 - 90.3)

98.1 (94.2 - 1.00)

98.1 (94.2 - 1.00)

94.2 (87.7 - 1.00)

98.1 (94.2 - 1.00)

*Prevalence of positive findings in one individual at any level, rated by the most experienced radiologist. "Gwet’s agreement coefficient. °95% confi-
dence interval. ‘Cohen’s weighted kappa for ordinal values. ¢Polychoric correlation. ‘Standard error. é&Cohen’s kappa for nominal values. "Tetrachoric

correlation.

Appendix |. Degenerative cervical changes at each level on magnetic resonance imaging (MRI) assessed by both raters.

MRI findings

Pfirrmann C2/3: n (%)
Grade<2

Grade 3

Grade 4

Grade 5

Pfirrmann C3/4: n (%)
Grade <2

Grade 3

Grade 4

Grade 5

Pfirrmann C4/5: n (%)
Grade <2

Grade 3

Grade 4

Grade 5

Pfirrmann C5/6: n (%)
Grade <2

Grade 3

Grade 4

Grade 5

Pfirrmann C6/7: n (%)
Grade <2

Grade 3

Grade 4

Grade 5

Pfirrmann C7/Th1: n (%)
Grade <2

Grade 3

Grade 4

Grade 5

First assessment
(N=52)

12 (23.1)
25 (48.1)
15 (28.8)
0(0.0)

4(7.7)
28 (53.8)
20 (38.5)
0(0.0)

3(5.8)
23 (44.2)
26 (50.0)
0(0.0)

2(3.9)
19 (36.5)
27 (51.9)
4(7.7)

6 (11.5)
21 (40.4)
24 (46.2)
1(1.9)

33 (63.5)
14 (26.9)
5 (9.6)
0(0.0)

Rater |

Second assessment

(N=52)

12 (23.1)
37 (71.1)
3(5.8)
0(0.0)

6 (11.5)
30(57.7)
16 (30.8)
0(0.0)

5(9.6)
21 (40.4)
26 (50.0)
0(0.0)

4(7.7)
21 (40.4)
26 (50.0)
1(1.9)

12 (23.1)
21 (40.4)
19 (36.5)
0(0.0)

36 (69.2)
14 (26.9)
2(3.9)
0(0.0)

Rater Il

First assessment Second assessment
(N=52) (N=52)

6 (11.5) 1(1.9)
38(73.1) 44 (84.6)
8 (15.4) 7 (13.5)
0(0.0) 0(0.0)
0(0.0) 0(0.0)
43 (82.7) 43 (82.7)
9(17.3) 9(17.3)
0(0.0) 0(0.0)
2(3.9) 1(1.9)
34 (65.4) 39 (75.0)
16 (30.7) 12 (23.1)
0(0.0) 0(0.0)
1(1.9) 2(3.9)
30(57.7) 33(63.5)
21 (40.4) 17 (32.6)
0(0.0) 0(0.0)

5 (9.6) 5(9.6)
31 (59.6) 34 (65.4)
16 (30.8) 13 (25.0)
0(0.0) 0(0.0)
28 (53.8) 27 (51.9)
24 (46.2) 25 (48.1)
0(0.0) 0(0.0)
0(0.0) 0(0.0)
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Anterior osteophytes C2/3: n (%)
Anterior osteophytes C3/4: n (%)
Anterior osteophytes C4/5: n (%)
Anterior osteophytes C5/6: n (%)
Anterior osteophytes C6/7: n (%)
Anterior osteophytes C7/Th1: n (%)
Disc-osteophyte complex C2/3: n (%)
No

Protrusion

Extrusion

Sequestration

Disc-osteophyte complex C3/4: n (%)
No

Protrusion

Extrusion

Sequestration

Disc-osteophyte complex C4/5: n (%)
No

Protrusion

Extrusion

Sequestration

Disc-osteophyte complex C5/6: n (%)
No

Protrusion

Extrusion

Sequestration

Disc-osteophyte complex C6/7: n (%)
No

Protrusion

Extrusion

Sequestration

Disc-osteophyte complex C7/Th1: n (%)
No

Protrusion

Extrusion

Sequestration

Foraminal stenosis C2/3: n (%)
Foraminal stenosis C3/4: n (%)
Foraminal stenosis C4/5: n (%)
Foraminal stenosis C5/6: n (%)
Foraminal stenosis C6/7: n (%)
Foraminal stenosis C7/Th1: n (%)
Facet arthritis C2/3: n (%)

Facet arthritis C3/4: n (%)

Facet arthritis C4/5: n (%)

Facet arthritis C5/6: n (%)

Facet arthritis C6/7: n (%)

Facet arthritis C7/Th1: n (%)
Schmorl’s nodes C2/3: n (%)
Schmorl’s nodes C3/4: n (%)
Schmorl’s nodes C4/5: n (%)

0(0.0)
1(1.9)
5(9.6)
5(9.6)
5(9.6)
0(0.0)

48(92.3)
3(5.8)
1(1.9)
0(0.0)

43 (82.7)
5(9.6)
4(7.7)
0(0.0)

38(73.1)
8(15.4)
6 (11.5)
0(0.0)

29 (55.8)
11(21.1)
12 (23.1)
0(0.0)

30(57.7)
5(9.6)
16 (30.8)
1(1.9)

49 (94.2)
3(5.8)
0(0.0)
0(0.0)
0(0.0)
5(9.6)
5(9.6)
11(21.2)
10 (19.2)
1(1.9)
0(0.0)
0(0.0)
0(0.0)
0(0.0)
0(0.0)
0(0.0)
0(0.0)
0(0.0)
0(0.0)

0(0.0)
1(1.9)
3(5.8)
5(9.6)
3(5.8)
0(0.0)

52 (100.0)
0(0.0)
0(0.0)
0(0.0)

46 (88.4)
4(7.7)
2(3.9)
0(0.0)

42 (80.8)
6 (11.5)
4(7.7)
0(0.0)

25 (48.0)
24 (46.2)
3(5.8)
0(0.0)

33(63.4)
11 (21.2)
8 (15.4)
0(0.0)

51(98.1)
1(1.9)
0(0.0)
0(0.0)
0(0.0)
4(7.7)

6 (11.5)
17 (32.7)
11 (21.2)
0(0.0)
0(0.0)
0(0.0)
1(1.9)
0(0.0)
0(0.0)
0(0.0)
0(0.0)
0(0.0)
0(0.0)

0(0.0)
2(3.9)
3(5.8)
5(9.6)
4(7.8)
1(9.2)

46 (88.5)
2(3.8)
4(7.7)
0(0.0)

41(78.9)
6 (11.5)
5 (9.6)
0(0.0)

33(63.5)
8 (15.4)
11(21.1)
0(0.0)

20 (38.5)
20 (38.5)
12 (23.0)
0(0.0)

24 (46.2)
13 (25.0)
15 (28.8)
0(0.0)

50 (96.2)
1(1.9)
1(1.9)
0(0.0)
0(0.0)
0(0.0)
2(3.9)
10 (19.2)
8 (15.4)
0(0.0)
0(0.0)
0(0.0)
0(0.0)
1(1.9)
0(0.0)
0(0.0)
0(0.0)
0(0.0)
0(0.0)

0(0.0)
1(1.9)
4(7.7)
6 (11.5)
3(5.8)
1(1.9)

47 (90.3)
2(3.9)
3(5.8)
0(0.0)

41(78.8)
4(7.7)

7 (13.5)
0(0.0)

33(63.5)
6 (11.5)
13 (25.0)
0(0.0)

21 (40.4)
16 (30.7)
15 (28.9)
0(0.0)

29 (55.7)
11 (21.2)
12 (23.1)
0(0.0)

49 (94.2)
1(1.9)
3(3.9)
0(0.0)
0(0.0)
0(0.0)
2(3.9)
12 (23.1)
5(9.6)
0(0.0)
0(0.0)
0(0.0)
0(0.0)
0(0.0)
0(0.0)
0(0.0)
0(0.0)
0(0.0)
0(0.0)
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Schmorl’s nodes C5/6: n (%)
Schmorl’s nodes C6/7: n (%)
Schmorl’s nodes C7/Th1: n (%)
Modic changes C2/3: n (%)
No

Type |

Type ll

Type Il

Modic changes C3/4: n (%)
No

Type |

Type Il

Type lll

Modic changes C4/5: n (%)
No

Type |

Type |l

Type Ill

Modic changes C5/6: n (%)
No

Type |

Type Il

Type lll

Modic changes C6/7: n (%)
No

Type |

Type Il

Type Ill

Modic changes C7/Th1: n (%)
No

Type |

Type Il

Type lll

Spinal canal stenosis C2/3: n (%)
Spinal canal stenosis C3/4: n (%)
Spinal canal stenosis C4/5: n (%)
Spinal canal stenosis C5/6: n (%)
Spinal canal stenosis C6/7: n (%)

Spinal canal stenosis C7/Th1: n (%)

Kyphosis: n (%)

Scoliosis: n (%)

1(1.9)
0(0.0)
0(0.0)

52 (100.0)
0(0.0)
0(0.0)
0(0.0)

52 (100.0)
0(0.0)
0(0.0)
0(0.0)

51(98.1)
0(0.0)
1(1.9)
0(0.0)

51(98.1)
0(0.0)
1(1.9)
0(0.0)

51(98.1)
0(0.0)
1(1.9)
0(0.0)

52 (100.0)
0(0.0)
0(0.0)
0(0.0)
0(0.0)

6 (11.5)
13 (25.0)
21 (40.4)
12 (23.1)
0(0.0)
8(15.4)
1(1.9)

0(0.0)
0(0.0)
0(0.0)

51(98.1)
0(0.0)
1(1.9)
0(0.0)

52 (100.0)
0(0.0)
0(0.0)
0(0.0)

51(98.1)
0(0.0)
1(1.9)
0(0.0)

50 (96.1)
0(0.0)
2(3.9)
0(0.0)

50 (96.2)
1(1.9)
1(1.9)
0(0.0)

52 (100.0)
0(0.0)
0(0.0)
0(0.0)
0(0.0)
4(7.7)
12 (23.1)
29 (55.8)
17 (32.7)
0(0.0)
3(5.8)
0(0.0)

0(0.0)
0(0.0)
0(0.0)

52 (100.0)
0(0.0)
0(0.0)
0(0.0)

52 (100.0)
0(0.0)
0(0.0)
0(0.0)

52 (100.0)
0(0.0)
0(0.0)
0(0.0)

52 (100.0)
0(0.0)
0(0.0)
0(0.0)

52 (100.0)
0(0.0)
0(0.0)
0(0.0)

52 (100.0)
0(0.0)
0(0.0)
0(0.0)
2(3.9)
4(7.7)
8(15.4)
17 (32.7)
12 (23.1)
1(1.9)
19 (36.5)
0(0.0)

0(0.0)
0(0.0)
0(0.0)

52 (100.0)
0(0.0)
0(0.0)
0(0.0)

52 (100.0)
0(0.0)
0(0.0)
0(0.0)

52 (100.0)
0(0.0)
0(0.0)
0(0.0)

52 (100.0)
0(0.0)
0(0.0)
0(0.0)

52 (100.0)
0(0.0)
0(0.0)
0(0.0)

52 (100.0)
0(0.0)
0(0.0)
0(0.0)
2(3.9)

6 (11.5)
8 (15.4)
20 (38.5)
9(17.3)
1(1.9)
21 (40.4)
0(0.0)
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Appendix 2. Representative cases of common degenerative cervical spine changes on magnetic resonance imaging.

N\ Y

Sagittal imaging of the cervical spine shows (1) anterior
osteophytes at C5/6 and Pfirrmann grade lll degeneration,
and (2) posterior osteophytes at C6/7 and Pfirrmann
grade lll degeneration.

Focal compressive cord myelopathic changes with spinal
canal stenosis at C4/5 according to the Kang grading
system (2 2; no/yes).

Schmorl’s nodes at C5/6.

(0.85).%9%1 However, they assessed a different age group,
used a 3-Tesla MRI, and manually outlined the annulus
fibrosus and nucleus pulposus areas for morphological
differentiation. These methodological differences may
explain much of the variance in results. The Pfirrmann
grade was originally developed for the lumbar spine.®
Even if the alternative Suzuki classification was developed
for the cervical spine, it has not shown more than equal
reliability.®

Foraminal stenosis at C7/Th1 according to the Kim grading system (2
1; no/yes).

Modic changes type Il at C6/7.

Substantial inter-rater reliability (Cohen’s kappa 0.62)
was found for neural foraminal stenosis on axial images,
consistent with findings by Kim et al.>?° Oblique sagittal
images were not available in the present study, however,
strong concordance and inter-rater reliability between
neural foraminal grading systems based on axial and
oblique sagittal images have been reported previously.*?4

The inter-rater reliability was moderate (Cohen’s kappa
0.51) for spinal canal stenosis. This is lower than values
reported by Kang et al. (0.56 to 0.66) for the same
dichotomization of the variable.® In contrast, Park et al.
attained an overall Cohen’s kappa value of 0.93.” This
variation could be attributed to differences in prevalence,
since diagnostic accuracy is highly dependent on the
prevalence of the condition being studied.

Our study illustrates that reporting more than just Kappa
statistics can be advantageous. The inclusion of precise
information related to prevalence, Gwet’s AC1, and
tetrachoric correlation could improve the interpretation
of results and comparisons across studies.’* However, the
interpretation of Gwet’s AC1 according to the classification
by Landis and Koch has been criticized, because it may
overestimate agreement in some situations.??>% However,
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to date, no better alternative exists to this classification
system.

Only male participants were included. Thus, the prevalence
of MRI findings might differ among women, limiting the
external validity of the study. The purpose of the present
study, however, was not to assess prevalence between
sexes but rather to assess agreement within and between
raters.

We used dichotomized MRI classifications because they
tend to be more relevant and practical in clinical use
and may help reduce differences between assessments
by specialized radiologists and clinicians. Moreover,
dichotomized variables tend to perform better in reliability
analyses because the demand for finer discrimination
is less.’* Since we made such simplifications (re-
categorizations), we also calculated tetrachoric correlations
to ensure that agreement on the underlying traits of the
variables was sufficient. For all variables, these correlations
were high.

The two radiologists had vastly different clinical experience,
which could potentially be a source of bias. However, inter-
rater reliability ranged from substantial to almost perfect,
indicating that the MRI classifications could work despite
different experience levels. The only exception was spinal
canal stenosis, which showed moderate agreement,
possibly due to the classification system itself or differences
in the radiologists’ clinical experience. Moreover, the
tetrachoric correlation ranged from 0.77 — 1.0 for intra-
rater reliability and 0.71 — 1.0 for inter-rater reliability,
meaning that agreement could be improved through
training. Rater Il (2 years of experience) had somewhat
higher agreement than rater | (13 years of experience).
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