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Abstract

Purpose Given that the disc moves simultaneously with
facet joints, there would be a relationship between Modic
changes and facet joint degeneration in the cervical spine.
However, there is no literature investigating the relation-
ship. The purpose is to evaluate the relationship between
Modic changes and facet joint degeneration in the cervical
spine.

Methods Ninety-eight patients underwent both computed
tomography (CT) and magnetic resonance images (MRI) of
the cervical spine. They consisted of fifty-one males and
forty-eight females and their mean age was 60.1 years
(ranged from 40 years to 81 years). We compared the
degree of facet joint degeneration based on CTs with
Modic changes based on MRIs from C2-C3 to C6—C7. The
degree of facet joint degeneration was classified into four
categories and Modic changes were classified into four
types. Disc degeneration was determined with Miyazaki’s
grading system.
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Results Facet joint degeneration was most common at
C2-C3 and C4-C5 and rarest at C6—C7. Modic changes
were most common at C2—C3 and rarest at C6—C7. How-
ever, there was no relationship between facet joint degen-
eration and any Modic changes at the same level. However,
the presence of facet joint degeneration and the presence of
Modic change are common in high grades of disc degen-
eration at the same level of the cervical spine.

Conclusion Modic changes and facet joint degeneration
are most common at C2—C3 in the cervical spine. However,
there were no relationships between the presence of Modic
changes and facet joint degeneration at the same level of
the cervical spine.
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Introduction

The Prevalence of Modic changes in the cervical spine has
been reported in several studies [1-4]. Hayashi et al., found
that cervical disc levels with Modic changes were signifi-
cantly more likely to have disc degeneration and less
angular motion, suggesting that Modic changes may cor-
relate with loss of mobility [3]. As the disc degenerates, the
endplates of the disc spaces develop spurs and other
arthritic changes. Master et at., determined that such cer-
vical endplate arthritic changes precede cervical facet
arthrosis in a cadaveric study [5]. Given that the disc
moves simultaneously with facet joints, we hypothesized
that there would be a correlation between Modic changes
on MRI images and facet joint arthrosis seen on CT scans.
To our knowledge, there have been no investigations of
such a hypothesis. Therefore, the objective of this study
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was to elucidate the relationship between Modic changes
and facet joint degeneration in the cervical spine.

Materials and methods

This study was approved by the institutional review board at
the institution of the corresponding author (IRB number:
2013-I131). We analyzed the collected clinical information
and digitalized image documents retrospectively, but had
received a generic agreement from every adult patient
authorizing us to use the clinical information and image
documents for clinical studies. We included all patients who
underwent both CT and MRI of cervical spine at the same
time because of symptomatic cervical spine issues, including
neck pain, pain radiating to arm or walking difficulty from
January 2003 to January 2012 at the first author’s academic
institution. Both studies had to be retrievable on our com-
puterized system and be of adequate quality to make read-
ings. We do not routinely obtain CT scans on patients, but
rather, only when we feel that the information adds to their
clinical management. Indications for the CT included the
following: evaluate for the possibility and severity of hard
disc herniations in patients with cervical radiculopathy,
ossification of posterior longitudinal ligament, facet arthro-
sis and facet auto-fusion. We excluded patients with trauma,
tumor, infectious spondylitis, inflammatory spondylitis of
gout, theumatoid arthritis, ankylosing spondylitis, ossifica-
tion of posterior longitudinal ligament (OPLL), Arnold
Chiari malformation, Klippel-Feil syndrome. We included
patients with symptoms of neck pain, radiculopathy or gait
disturbance due to cervical spondylosis.

We compared the degree of facet joint degeneration
based on CT with the Modic change based on MRI from
C2-C3 to C6~C7. The degree of cervical facet degenera-
tion was determined on a PACS viewer using the axial,
sagittal or coronal images from C2 to C7 bilaterally [6].
The degree of degeneration was graded into 4 categories:
grade I, normal; grade II, degenerative changes including
joint space narrowing, cyst formation, small osteophytes
without joint hypertrophy seen on axial or sagittal images;
grade III, joint hypertrophy secondary to large osteophytes

Table 1 Miyazaki’s grading system

without fusion on axial or coronal images; grade IV, bony
fusion of the joint seen on sagittal images [6]. Four types of
Modic changes were described as follows; type 0: within
normal limit, type 1: hypointense signal on T1-weighted
sequences and hyperintense signal on T2-weighted
sequences, type 2: hyperintense signal on T1 sequences and
hyper- or isointense signal on T2 sequences, type 3:
hypointense signal on T1 and T2 sequences. The disc
degeneration was determined with MRI on a PACS viewer
using the sagittal images from C2 to C7 with Miyazaki’s
grading system (Table 1) [7].

All statistical analyses were performed with a SPSS
version 13.0 for Windows (Chicago, IL, USA). Chi-square
test was used for analysis of the nominal and ordinal
variables. Power analysis was performed using G*Power
version 3.1.5 (Germany). Power was 0.95 for Chi-Square
test with the effect size of 0.5. The sample size in each
group needed to be more than 80. Intra-observer and inter-
observer reliabilities for cervical facet degeneration based
on CT were good at 0.878 and 0.869, respectively, using
ICC reliability statistics in the previous study [6]. Intra-
observer and inter-observer reliabilities for Modic change
in cervical spine were substantial at 0.62-0.74 and
0.64-0.78, respectively, using Kappa statistics in the pre-
vious studies [1, 3]. Intra-observer and inter-observer
reliabilities for cervical disc degeneration by Miyazaki’s
grading system were substantial at 0.907-0.950 and
0.730-0.826, respectively, using Kappa statistics in the
previous study [7].

Results

We identified 98 patients who fit the inclusion criteria.
They consist of fifty males and forty-eight females and
their mean age was 60.0 years (ranged from 40 to
81 years). A total of four hundred and ninety cervical
levels were evaluated in the ninety-eight patients. Cervical
facet degeneration more than grade I was found in 68
cervical levels (13.9 %): 24 cervical levels of facet grade II
(4.9 %), 41 cervical levels of facet grade III (8.4 %), and 3
cervical levels of facet grade IV (0.6 %). Modic changes

Grade Nucleus signal Nucleus structure Distinction of Disc height
intensity nucleus and annulus

1 Hyperintense Homogeneous, white Clear Normal

2 Hyperintense Inhomogeneous with horizontal band, white Clear Normal

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
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Table 2 Facet joint degeneration and Modic changes at C2-C3, C3—
C4 and C4-C5

Table 3 Facet joint degeneration and Modic changes at C5-C6 and
Co-C7

Facet Modic Facet Modic
None 1 2 3 Yes Total None 1 2 3 Yes Total
C2-C3 C5-C6
I 46 0 32 0 32 78 I 80 1 6 2 9 89
11 5 0 1 0 1 6 11 3 0 0 1 1 4
111 0 5 0 5 12 111 0 0 1 1 5
v 0 0 0 2 v 0 0 0 0 0
Above 1 14 0 6 0 6 20 Above 1 7 0 0 2 2 9
Total 60 0 38 0 38 98 Total 87 1 6 4 11 98
C3-C4 C6-C7
1 72 0 12 2 14 86 1 85 1 2 4 7 92
I 0 1 0 1 3 11 5 0 0 0 0 5
111 7 0 1 0 8 111 0 0 0 0 1
v 0 0 0 v 0 0 0 0 0
Above 1 10 0 2 0 2 12 Above 1 6 0 0 0 0 6
Total 82 0 14 2 16 98 Total 91 1 2 4 7 98
C4-C5
I 67 3 4 3 10 77 grading system at the same level of the cervical spine
1 6 0 0 0 0 6 (p = 0.030, Table 5). The presence of Modic change is
1 14 0 1 0 1 15 common in high grades of disc degeneration by Miyazaki’s
v 0 0 0 0 0 0 grading system at the same level of the cervical spine
Above 1 20 0 1 0 21 (p = 0.000, Table 6).
Total 87 3 5 3 11 98

were found in 83 cervical levels (16.9 %): 5 of type 1
(1.0 %), 65 of type 2 (13.3 %) and 13 of type 3 (2.6 %).
Disc degeneration was found in 5 cervical levels of grade 1
(1.0 %), 97 of grade 2 (19.8 %), 286 of grade 3 (58.4 %),
72 of grade 4 (14.7 %) and 30 of grade 5 (6.1 %).

Facet joint degeneration was most common at C2—C3
and C4-C5 and rarest at C6—C7. There were 20 cases of
facet joint degeneration (above facet grade I) at C2-C3
(29.4 %), 12 cases at C3—C4 (17.6 %), 21 cases at C4-C5
(30.9 %), 9 cases at C5-C6 (13.2 %) and 6 cases at C6-C7
(8.8 %), respectively (Tables 2, 3). Modic changes were
most common at C2—C3 and rarest at C6—C7. There were
38 cases of Modic changes at C2—C3 (45.8 %), 16 cases at
C3-C4 (19.3 %), 11 cases at C4-C5 (13.3 %), 11 cases at
C5-C6 (13.3 %), and 7 cases at C6-C7 (8.4 %), respec-
tively (Tables 2, 3).

There was no relationship between the presence of facet
joint degeneration (above facet grade I) and any Modic
changes at the same level of the cervical spine (p = 0.857,
Table 4). In addition, there were no relationships between the
presence of facet joint degeneration and the presence of sub-
group types 1, 2 or 3 Modic changes at the same level of the
cervical spine (p = 1.000, p = 0.902, p = 1.000, Table 4).

However, the presence of facet joint degeneration is
common in high grades of disc degeneration by Miyazaki’s

Discussion

Signal intensity changes in the vertebral endplates and
subchondral bone are often observed on MRIs of patients
with spinal degenerative diseases. Most of the literatures on
Modic marrow changes have focused on the lumbar spine.
Modic changes have been linked with low back pain and
are, therefore, clinically relevant findings seen on lumbar
MRI scans [8, 9]. In addition, Modic changes and facet
joint degeneration in the lumbar spine are most common at
L4-L5 [10-12]. However, there was no report regarding
the relationship between Modic changes and facet joint
degeneration in the cervical spine. The objective of this
study was to elucidate the relationship between Modic
changes and facet joint degeneration in the cervical spine.

Facet joint degeneration was most common at C2-C3
and C4-C5 and rarest at C6—C7. Modic changes were most
common at C2-C3 and rarest at C6—~C7. However, there
was no relationship between the presence of Modic chan-
ges and the presence of facet joint degeneration at the same
level of the cervical spine. Also, there were no relation-
ships between the presence of facet joint degeneration and
the presence of subgroup types 1, 2 or 3 Modic changes at
the same level of the cervical spine. However, the presence
of facet joint degeneration and the presence of Modic
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Table 4 Relationship between the presence of facet joint degeneration and the presence of Modic changes

No Modic changes Modic changes Type 1 Type 2 Type 3 Total
Facet grade I 350 (71.4 %) 72 (14.7 %) 5 (1.0 %) 56 (11.5 %) 11 22 %) 422 (86.1 %)
Above facet grade 1 57 (11.7 %) 11 2.2 %) 0 (0 %) 9 (1.8 %) 2 (0.4 %) 68 (13.9 %)
Total 407 (83.1 %) 83 (16.9 %) 5 (1.0 %) 65 (13.3 %) 13 (2.6 %) 490 (100 %)

Table 5 Relationship between the presence of facet joint degeneration and the disc degeneration by Miyazaki’s system

1 2 3 4 5 Total
Facet grade 1 5(1.2 %) 87 (20.6 %) 252 (59.7 %) 55 (13.0 %) 23 (5.5 %) 422 (100 %)
Above facet grade I 0 (0 %) 10 (14.7 %) 34 (50.0 %) 17 (25.0 %) 7 (10.3 %) 68 (100 %)
Total 5 (1.0 %) 97 (19.8 %) 286 (58.4 %) 72 (14.7 %) 30 (6.1 %) 490 (100 %)
Table 6 Relationship between 1 3 4 5 Total

the presence of Modic change

and the disc degeneration by

. - No Modic changes
Miyazaki’s system

Modic changes 2 (2.4 %)

Total

3(0.7 %) 88 (21.6 %) 240 (59.0 %) 59 (145 %) 17 (4.2 %) 407 (100 %)
9(10.8 %) 46 (554 %) 13 (157 %) 13 (15.7 %) 83 (100 %)
5(1.0%) 97 (19.8 %) 286 (58.4 %) 72 (147 %) 30 (6.1 %) 490 (100 %)

change are common in high grades of disc degeneration at
the same level of the cervical spine.

We could only identify a few studies that had reported
strictly on the prevalence of Modic changes in the cervical
spine (Table 7) [1-4]. In a prospective study with asymp-
tomatic volunteers with a mean age of 49.8 years, Modic
changes in the cervical spine were found in 10 out of 223
patients (4.5 %) with the C5-C6 cervical level being the
most common (Table 7) [1]. Age (=40 years), gender
(male), and pre-existing disc degeneration were significantly
associated with newly developed Modic changes [1]. In a
clinical study of patients complaining of neck pain, Modic
changes were observed in 19 out of 118 patients (16.1 %),
with the C5-C6 cervical level being the most common
(Table 7) [2]. Type 1 Modic changes were found to be the
most common in the cervical spine (Table 7) [2]. Another
clinical study of patients complaining of neck pain showed
that Modic changes in the cervical spine were observed in 84
out of 437 patients (19.2 %) with the C5-C6 cervical level
being the most commonly involved (Table 7) [3]. However,
type 2 Modic changes were the most common (Table 7) [3].
In the study of an older population with a mean age of
61.7 years, the prevalence of Modic changes in the cervical
spine was 40.4 % with type 2 predominating (Table 7). The
C6-C7 cervical level was most commonly affected [4].

In the current study, type 2 Modic changes were most
common, similar to a previous study in which the popu-
lation was of a similar age [4]. In contrast, it is not con-
cordant to two previous studies where type 1 changes were

@ Springer

dominant [1, 2]. This is most likely explained by the fact
that the mean age of the current study population was
60.1 years, much older than that of those studies (Table 7)
[1, 2]. In addition, Modic type 1 changes are expected to
further degenerate into type 2 over time [1, 13]. A
prospective study with asymptomatic volunteers with a
mean age of 49.8 years demonstrated that type 1 Modic
changes were most common initially in the cervical spine.
Over a ten-year period, type 2 Modic changes newly
developed most frequently [1]. In another study in patients
with neck pain, Modic changes in the cervical spine were a
dynamic phenomenon, similar to the lumbar spine [13].
The conversion of Modic type 1 to 2 over time was a
common pattern observed in patients [13].

Modic changes were most common at the C2—C3 level
in the current study. This is discordant with previous
studies [1-4] and might be explained by the fact that our
study population was symptomatic with neck and/or radi-
ating arm pain or walking difficulty. However, the study
population in previous studies was either asymptomatic or
had neck pain only [1, 4, 10, 11]. In addition, there has
been controversy about the most common level with Modic
change in the cervical spine, similar to the controversy
about the most common level in the lumbar spine.
Asymptomatic Modic changes are common at the upper
lumbar levels (L1-L2-L3-L.4) whereas those with lower
back pain have them most commonly at L5-S1 [14]. The
C5-C6 cervical level was most affected in some studies [1—
3], while C6—~C7 was most affected in another [4].
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joint degeneration may appear independently of each other
in the cervical spine and that one does not necessarily result
in the other.
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