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Abstract

Purpose Few studies have reported the characteristics of
Modic changes (MCs) in the cervical spine in contrast to
the lumbar spine. The purpose of this study was to identify
the prevalence of MCs in the cervical spine and to eluci-
date the relationship of MCs with spinal canal stenosis and
angular motion.

Methods 437 consecutive, symptomatic patients with
neck pain with or without neurogenic symptoms were
included in this study. MRI in multiple positions was
performed with dynamic motion of the cervical spine in
upright, weight-bearing neutral, flexion and extension
positions. Type of MC, intervertebral disc degeneration
grade, spinal cord compression grade and sagittal angular
motion between flexion and extension for each segment
from C2-3 to C6-7 were evaluated.

Results MCs were observed in 84 out of 437 patients
(19.2 %) and in 109 out of 2,185 motion segments (5.0 %)
with type 2 changes predominating. Disc degeneration
grades and spinal cord compression grades of segments
with MCs were significantly higher than those without
MCs. Sagittal angular motion of segments with MCs were
significantly lower than those without MCs. Multiple
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logistic regression analysis revealed that significantly ele-
vated odds ratios for MCs were observed in segments with
severe disc degeneration, severe spinal canal compression
and less angular motion.

Conclusion The cervical segments with MCs were sig-
nificantly more likely to have disc degeneration and spinal
canal stenosis. In addition, the segments with MCs had
significantly less angular motion, which suggests MCs may
correlate with loss of mobility.
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motion - Magnetic resonance imaging - Spinal canal
stenosis

Introduction

Signal intensity changes of vertebral bodies adjacent to
intervertebral discs are often observed in magnetic reso-
nance imaging (MRI) in patients with spinal degenerative
diseases. Modic et al. [1, 2] identified and classified them
into three types: type 1 (Fig. 1), hypointense signal on T1-
weighted sequences and hyperintense signal on T2-
weighted sequences; type 2 (Fig. 2), hyperintense signal on
T1 sequences and hyper- or isointense signal on T2
sequences; type 3, hypointense signal on T1 and T2
sequences. Histological and radiological studies have
demonstrated that type 1 reflects inflammatory changes in
the vertebral endplates; type 2 reflects fatty marrow; and
type 3 represents sclerotic changes of the endplates [1, 2].

Most of the literature on Modic changes (MCs) focus on
the lumbar spine, and only a few studies have reported on
the cervical spine [3-5]. In addition, degree of spinal canal
stenosis and kinematics of the cervical spine have not been
well-studied in patients with MCs. We hypothesize that
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Fig. 1 Modic type 1 in C4-5 seen as low signal in TI1-weighted
(a) and a high signal in T2-weighted sequences (b). Spinal canal
stenosis was observed at the same level

Fig. 2 Modic type 2 in C4-5 seen as high signal in T1-weighted
(a) and a high signal in T2-weighted sequences (b). Anterior
obliteration was found at the same level

cervical segments with MCs may have some relationship
with spinal canal stenosis and have less motion due to the
degenerative changes. The objective of this study was to
evaluate how MCs relate to spinal canal stenosis and seg-
mental cervical motion using multiple positional MRI.

Materials and methods

Patients

437 consecutive, symptomatic patients (215 men and 222
women) with an average age 49.8 £ 10.0 years (range

20-79) were examined from March 2011 to November
2011. The inclusion criteria were defined as patients who
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had neck pain with or without neurologic symptoms (i.e.,
radiculopathy or myelopathy). The exclusion criteria were:
trauma, rheumatoid arthritis, spinal tumors and history of
cervical spine surgery. The Institutional Review Board at
our institute approved this study and informed consent was
obtained from all participants.

MRI positioning

All patients underwent cervical MRI scanning (a 0.6 Tesla
MRI scanner: Upright Multi-Position; Fonar Corp., New
York, NY), which was performed with dynamic motion of
cervical spine in upright, weight-bearing neutral, flexion
and extension positions. Each patient was first seated on a
bench between the two poles of the MRI magnet in the
neutral position with his or her head facing straight ahead
without angling his or her chin up or down. Next, each
patient was positioned with his or her chin angled toward
their chests (flexion position). Finally, each patient was
positioned with his or her chin angled towards the ceiling
(extension position). For each of these positions, a flexible
cervical coil was placed around the participant’s neck and a
padded bar and headrest supported the patient’s head and
neck.

MRI analysis

All radiologic data obtained from the MRIs were recorded
on a computer for subsequent measurements, and all cal-
culations were automatically performed on the MRI by
MRI analyzer software (Truemetric Corp., Bellflower,
CA), as described previously [6—11]. For each image, 77
points were marked for digitization by three spine sur-
geons, each with over 5 years clinical experience (C3-T1:
6 points on each vertebral body, 2 on each pedicle, and 2
on the spinal canal diameter at each intervertebral disc
level; C2: 1 point on the tip of the odontoid process and 6
on the vertebral body; C1: 4 points on the anterior, supe-
rior, and inferior surfaces of the anterior tubercle and the
lower end of the spinous process; and occiput (Oc): 2
points on the anterior and posterior baselines).

Intervertebral angular motion was measured at five
levels from C2-3 to C6-7 and was defined as the difference
of intervertebral angles between two vertebrae from flexion
to extension.

Assessment of Modic change

MCs were evaluated for 2,185 segments from C2-3 to
C6-7 and classified into: none, type 1, 2 and 3 according to
their signal patterns on T1 and T2 sagittal MR images.
Type 1, hypointense signal on T1-weighted sequences and
hyperintense signal on T2-weighted sequences; type 2,
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Table 1 Grading System for

i : Grade Nucleus signal Nucleus structure Distinction of nucleus Disc height
cervical 1ptervertebral disc intensity and annulus
degeneration [7, 12]
Hyperintense Homogeneous, white Clear Normal
2 Hyperintense Inhomogeneous with horizontal Clear Normal
band, white
3 Intermediate Inhomogeneous, gray to black  Unclear Normal to
decreased
4 Hypointense Inhomogeneous, gray to black  Lost Normal to
decreased
5 Hypointense Inhomogeneous, gray to black  Lost Collapsed

Table 2 Spinal cord compression grade [14]

Grade Spinal canal

0 Normal width of the spinal canal, no signs of anterior and
posterior subarachnoid space narrowing

1 Partial obliteration of the anterior or posterior subarachnoid
space or of both

2 Complete obliteration of the anterior or posterior
subarachnoid space or of both

3 Anterior or posterior cord compression with the deformation
of spinal cord

4 Spinal cord impingement with the deformation of spinal cord
from both anterior and posterior side

hyperintense signal on T1 sequences and hyper- or isoin-
tense signal on T2 sequences; type 3, hypointense signal on
T1 and T2 sequences [1, 2]. The intra- and inter-observer
reliability of the ratings for MCs were assessed using the x
value, and was assessed using 50 cases (250 intervertebral
levels).

Assessment of degenerative change

We evaluated intervertebral disc degeneration from C2-3
to C6-7 using the Grading System for Cervical Interver-
tebral Disc Degeneration [7, 12] (Table 1). The disc
degeneration grades were compared between MC-positive
(+) group and MC-negative (—) group for each level. The
reliability of this grading system was reported previously
[12].

Evaluation of spinal cord compression

The extent of cervical cord compression at each level was
assessed by examining the neutral T2-weighted sagittal
images. Cervical cord compression was defined as oblit-
eration of the subarachnoid space in the presence of disc
herniation, osteophyte formation, or hypertrophy of the
ligamentum flavum. Cervical cord compression at each
segment was evaluated using a 5-point grading scale (range

0—4, Table 2) modified from Muhle et al. [13, 14]. The
reliability of this grading system was also reported previ-
ously [14].

Statistical analysis

Mann-Whitney U test was used for comparisons of disc
degeneration, spinal cord compression and angular motion
between the groups with and without MCs in each segment.
After the variables were categorized, Chi-square test was
used for the comparisons. Logistic regression analyses
were used to detect the association between the existence
of MC and related factors. Disc degeneration grade was
categorized into mild (grade 1-3) and severe (grade 4-5).
Similarly, spinal cord compression grade was categorized
into mild (grade 0-1) and severe (grade 2-4). Age and
angular motion were divided into two groups, establishing
the cutoff points at median. The variables in the multi-
variate model were those with a p value of <0.05 in Chi-
square test and basic characters. Statistical analyses were
performed using SPSS (version 20; SPSS, Chicago, IL)
computer software and values were expressed as
mean =+ standard deviation (SD). A p value of <0.05 was
considered statistically significant. According to Landis
and Koch [15], the reliability of diagnosis of MCs was
analyzed using x statistics and was assessed as follows:
0-0.2 showed slight agreement, 0.21-0.4 fair agreement,
0.41-0.6 moderate agreement, 0.61-0.8 substantial agree-
ment, and 0.81-1 excellent agreement.

Results
Prevalence of MCs

MCs were observed in 84 out of 437 patients (19.2 %). 109
out of 2,185 cervical segments (5.0 %) had MCs: type 1
were seen in 27 segments, type 2 in 72 and type 3 in 10.
MCs were most frequent at C5-6 followed by C6-7 and
C4-5 (Fig. 3).
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Link to disc degeneration, spinal cord compression,
and angular motion in motion segments

The relationship for each motion segment between disc
degeneration grade and MCs, between spinal compression
grade and MCs, and between angular motion and MCs are
shown in Table 3. Disc degeneration grade of segments
with MCs on average was highest at C5-6. Analysis of disc
degeneration revealed significant differences between the
MC (+) group and the MC (-) group in each segment,
indicating that the segments with MCs had more severe
disc degeneration. Spinal cord compression grade of seg-
ments with MCs on average was highest at C5-6. A sig-
nificant difference in spinal cord compression was
observed at C4-5, C5-6 and C6-7 between units with MCs
and those without MCs, indicating that segments with MCs

cases
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Fig. 3 MCs were most frequent at C5-6 followed by C6-7 and C4-5
with type 2 predominating

Table 3 Comparison between MC (+) and MC (-) in each segment

MC (-) MC (+) p value

Disc degeneration grade

C3-4 34£07 4.0 £ 0.7 p = 0.01

C4-5 33+£0.7 39+ 1.0 p < 0.001

C5-6 35+0.8 45+£0.7 p < 0.001

C6-7 31+ 1.0 41+£09 p < 0.001
Spinal cord compression grade

C34 1.0+ 09 1.8+ 14 n.s

C4-5 1.2 £09 1.6 £ 0.9 p =0.02

C5-6 1.4 +£09 19+1.0 p = 0.002

Co6-7 1.1 £09 1.5£07 p = 0.001
Angular motion (°)

C3/4 8.0 + 4.6 7.8 £4.4 n.s

C4/5 10.0 £ 5.2 73 +£49 p <0.01

C5/6 9.6 £5.1 6.7 £3.7 p <0.01

Co6/7 8.0+ 5.0 6.5+ 44 n.s
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had more spinal canal stenosis. Average angular motion of
segments with MCs was smallest at C6-7; however, the
largest decrease in motion between segments with and
without MCs was seen at C5-6. A significant decrease in
angular motion was found at C4-5 and C5-6 in units with
MCs.

Association between MCs and related factors

Factors potentially related to the changes were evaluated
using Chi-square test and logistic regression analysis
(Table 4). Factors of C2-3 were eliminated because no MC
was observed at C2-3. The logistic regression model was
adjusted for age, sex, level, disc degeneration, spinal canal
compression, and angular motion. After adjustment for
potential confounding factors, significantly elevated odds
(ORs) ratios were observed in segments with severe disc
degeneration, severe spinal canal compression and angular
motion of <8.6° (OR 3.90; 95 % confidence interval (CI)
2.42-6.30, OR 1.80; 95 % CI 1.18-2.74 and OR 1.84;
95 % CI 1.21-2.82, respectively). Although the crude OR
for age >53 years was significantly increased (OR 1.89;
95 % CI 1.27-2.81), it decreased after adjustment (OR
1.39; 95 % CI 0.93-2.11).

Reliability of diagnosis

The inter-observer agreement of MC was substantial with a
x value of 0.78. The intraobserver agreement of MC was
also substantial with a x value of 0.74.

Discussion

A few previous studies have reported on the prevalence of
MCs in cervical spine. Peterson et al. [5] reviewed 118
patients (mean age 48 years) with neck pain and reported
that MCs were seen in 16 %, with Modic type 1 being the
most common. Mann et al. [3] evaluated 426 patients over
the age of 50 (mean age 62 years) and reported MCs were
observed in 40.4 % of patients, with Modic type 2 being the
most common, in contrast to Peterson’s results. Matsumoto
et al. [4] assessed 497 asymptomatic healthy volunteers
(mean age 39 years) and followed 223 subjects (mean age
51 years) at mean follow-up of 11.6 years. They reported the
prevalence of MCs as 4.5 and 13.9 %, respectively, with type
2 developing most frequently over a 10-year period. In our
study the prevalence of MCs in the cervical spine was 19.2 %
and type 2 was more frequent than type 1. The inconsistent
results between studies might be due to the differences in age
and clinical symptoms of the study population.

The analysis of spinal cord compression grade showed a
significant difference between the MC (4) group and the
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Table 4 Odds ratios of related factors for Modic changes between C3—4 and C6-7

Number of discs (%)

MC (-) (n = 1,639) MC (+) (n = 109) P value” Crude OR (95 % CI) Adjusted OR* (95 % CI)

Age (years)

<53 920 (56) 44 (40) Reference Reference

>53 719 (44) 65 (60) 0.001 1.89 (1.27-2.81)" 1.39 (0.93-2.11)
Sex

Female 833 (51) 51 (47) Reference Reference

Male 806 (49) 58 (53) 0.415 1.18 (0.80-1.73) 1.15 (0.77-1.72)
Disc degeneration

Mild (grade 1-3) 955 (58) 25 (23) Reference Reference

Severe (grade 4-5) 684 (42) 84 (77) <0.001 4.69 (2.97-7.41)" 3.90 (2.42-6.30)"
Spinal cord compression

Mild (grade 0-1) 1,060 (65) 43 (39) Reference Reference

Severe (grade 2-4) 579 (35) 66 (61) <0.001 2.81 (1.89-4.18)" 1.80 (1.18-2.74)"
Angular motion (°)

<8.6 817 (50) 38 (35) 1.86 (1.24-2.79)" 1.84 (1.21-2.82)"

>8.6 822 (50) 71 (65) 0.002 Reference Reference

MC Modic change, OR odds ratio, CI confidence interval

* The logistic regression model was adjusted for age, sex, level, disc degeneration grade, spinal cord compression grade, and angular motion

* p value was calculated by the Chi-square test

T p < 0.05 by univariate or multivariate logistic regression analysis

MC (-) group at C4-5, C5-6, and C6-7. Also, the MC (+)
group had significantly more severe disc degeneration at
those levels. Moreover, in our multivariate analysis, these
two factors showed evidence of an association with MCs.
According to these results, patients with MCs were more
likely to have spinal canal stenosis and disc degeneration at
the same segmental level as the MC compared to patients
without MCs. To the best of our knowledge, no previous
study has reported the relationship between MCs and spinal
canal stenosis in the cervical spine. These findings are
consistent with the recent study by Mann et al. [3] who
found a link between MCs and disc herniation, and Wang
et al. [16] who demonstrated in 313 cadaveric spines that
greater vertebral end plate lesion size was associated with
more severe adjacent disc degeneration.

To our knowledge, no study has assessed the relation-
ship between motion and MCs. Our multivariate analysis
showed a significant correlation between angular motion
and MC. The relationship between disc degeneration and
motion was studied by Miyazaki et al. [7] who reported a
kinematic analysis of the relationship between the grade of
disc degeneration and motion of the segmental unit of the
cervical spine and demonstrated that in severely degener-
ated segments (grade 5 discs), angular motion of C4-5 and
C5-6 was significantly decreased. Their study was con-
sistent with our results that cervical segments with MCs at
C4-5 and C5-6 had less motion than those without MCs, as

we showed segments with MCs have significantly severe
disc degeneration. The segments with MCs likely tend to
ankylose and lose mobility with severe degeneration.

Our study has limitations in methods. The population of
our study included only symptomatic patients, whereas
some previous papers only included healthy volunteers.
Also, the mean age of our population was different from
previous papers. Therefore, we cannot simply compare our
prevalence rate with those which were published previ-
ously. In addition, the reliability results for detecting MCs
in this study were good and similar to the previous study
[3]; however, it may be relatively difficult to identify MCs
of cervical spine because the vertebral bodies of cervical
spine are smaller and less degenerative than those of
lumbar spine.

Clinically, the current study would be useful because
MRI findings of MCs in the cervical spine should make
physicians consider the probability of spinal canal stenosis
at the same level. Moreover, severe instability might be
less likely in segments with MCs because MCs would be
observed during the development of ankylosis.

Conclusion

The prevalence of MCs was 19.2 % of our patients, with
type 2 predominating. The cervical segments with MCs
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were significantly more likely to have disc degeneration
and spinal canal stenosis at the same level, indicating that
MCs may be one of the important signs of spinal stenosis
due to disc degeneration. In addition, the segments with
MCs had significantly less angular motion, indicating that
MCs may correlate with loss of mobility.
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