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Abstract�  
Purpose : Magnetic resonance imaging (MRI) is widely used to evaluate intervertebral disc degen-
eration.  Recently, various evaluations of cervical disc degeneration using MRI have been conduct-
ed, but there is no gold standard.  The purpose of this study was to compare the reproducibilities of 
previously reported classifications for evaluating cervical disc degeneration by MRI and their associ-
ations with clinical symptoms.�  
Participants and methods : A total of 582 subjects underwent conventional MRI of the cervical 
spine.  Disc degeneration was assessed in each intervertebral disc from C2/3 to C7/T1 using five 
different classifications : Matsumoto’s grading system, Miyazaki’s grading system, Nakashima’s 
grading system, Jacobs’ grading system, and Suzuki’s grading system.  MR images of 30 partici-
pants were used, and Cohen’s kappa coefficient of agreement of each classification was calculated for 
intra-observer and inter-observer reliabilities.  These five classifications of disc degeneration and 
changes of vertebral endplates were measured, and associations with clinical symptoms were as-
sessed.�  
Results : Kappa (κ) values of intra-observer agreement were higher for Jacobs’ classification, 
whereas those of inter-observer agreement were higher for Nakashima’s and Jacobs’ classifications 
than for other classifications.  The prevalences of neck pain and shoulder stiffness were 27.4% and 
41.9%, respectively.  There were no associations for any classifications of disc degeneration and 
Modic types with neck pain or shoulder stiffness.  Only the presence of Schmorl’s nodes was asso-
ciated with neck pain.�  
Conclusion : At present, there is no specific classification for cervical disc degeneration associated 
with clinical symptoms.  Vertebral endplate changes might be associated with clinical symp-
toms.  It may be necessary to create a new classification for better reproducibility of the evaluation 

of cervical disc degeneration.

Key words : cross-sectional study, disc degeneration, cervical spine, magnetic resonance imaging 
(MRI), intra-observer and inter-observer agreements

Introduction

Intervertebral disc degeneration is thought to 
be related to neck pain1-3).  When it progresses, it 
causes radiculopathy and myelopathy4).  Early de-
tection of disc degeneration is important for choos-

ing suitable treatment and for preventing its pro-
gression.

T2-weighted magnetic resonance imaging 
(MRI) is widely used to evaluate intervertebral disc 
degeneration1,4-7).  Cervical vertebral disc degener-
ation is based histologically on loss of water and pro-
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teoglycan content in the intervertebral disc, and it is 
seen as a decrease in intervertebral disc height and 
disc protrusion1,4,7).  MRI is useful for observing 
these findings.

Recently, various studies using MRI have been 
conducted, and classifications of cervical disc degen-
eration have been established1,4-8).  However, few 
papers have described the reproducibility of the clas-
sifications for evaluating cervical disc degenera-
tion.  In addition, no study has compared cervical 
disc degeneration using various MRI classifications 
and clinical symptoms.  In this study, therefore, the 
aims were to compare cervical disc degeneration on 
MR images, as assessed by five different classifica-
tion systems, and to evaluate their associations with 
neck symptoms in a community-based cohort.

Participants and methods

This was a cross-sectional study based on epi-
demiologic data from public health screening con-
ducted in 2005 by local governments in Tadami 
Town, Ina Village, and Tateiwa Village of Fukushima 
Prefecture, Japan9).  From 3,236 participants (1,326 
men, 1,910 women ; age range 19-94 years ;  aver-
age age, 65.5 years), a total of 582 agreed to undergo 
MRI of the cervical spine and answered a question-
naire about the presence of neck pain or shoulder 
stiffness.  They were asked “Do you have neck 
pain which needs medical care?” and “Do you have 
shoulder stiffness which needs medical care?” sepa-
rately.  Neck symptoms included those with either 
neck pain or shoulder stiffness.  The exclusion cri-
teria were if they were unable to walk independently 
or fill out questionnaires due to visual impairment, 
or had ever undergone brain or spinal surgery.  
Cases with MRI results insufficient for all classifica-
tion systems, and those with missing questionnaire 
data, were excluded. 

Municipality-based public health screening is 
part of Japan’s system of universal health care.  
Participation is voluntary.  This supplemental study 
was approved by the ethics committee of Fukushima 
Medical University  (No.1880).  Informed consent 
was documented in writing for all study participants.

MRI assessment

Disc  degenerat ion ,  Modic  change,  and 
Schmorl’s nodes were evaluated on MRI images.  
The detailed imaging conditions of the MRI scanners 
are shown in the supplemental data.

Disc degeneration was assessed using five 

classifications : Matsumoto’s grading system8), Mi-
yazaki’s grading system4), Nakashima’s grading sys-
tem7), Jacobs’ grading system1), and Suzuki’s grading 
system5).  A midsagittal T2-weighted image (WI) 
was obtained at each level of the intervertebral discs 
from C2 to Th1.  Matsumoto’s grading system con-
sists of four parts : disc degeneration, posterior disc 
protrusion, anterior disc protrusion, and narrowing 
of the disc space.  Grades 0 to 2 were chosen using 
the criteria shown in Table 1.  Miyazaki’s grading 
system evaluates disc degeneration by nucleus sig-
nal intensity, nucleus structure, distinction between 
the nucleus and annulus, and disc height4).  Grades 
1 to 5 were chosen using the criteria shown in Ta-
ble 1.  Nakashima’s grading system evaluates disc 
degeneration by nucleus structure, the border of the 
nucleus, and disc height with a flow chart (Fig. 1)7).  
Jacobs’ grading system uses nucleus signal intensity 
and disc height1).  The grades are grade 0 (normal 
disc height, with or without a cleft in the nucleus 
pulposus), grade 1 (dark disc, with normal height), 
grade 2 (collapsed disc, little or no osteophytes), and 
grade 3 (collapsed disc, with many osteophytes) (Ta-
ble 1).  Suzuki’s grading system uses disc height, 
nucleus signal intensity, the border of the nucleus, 
and disc bulge with a flow chart (Fig. 2)5,10).  Disc 
degeneration of the entire cervical spine was as-
sessed using the degenerative disc disease (DDD) 
score, which is the sum of the grades at each cervi-

Fig. 1.  Algorithm for Nakashima’s classification7)

	 Nakashima’s classification evaluates disc degener-
ation in the order of nucleus structure, border of 
the nucleus, and disc height.  If nucleus structure 
is inhomogeneously white, it is Grade 1.  If the 
border of the nucleus is clear, it is Grade 2.  If the 
disc is collapsed, it is Grade 4.
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cal disc level (C2/3-C7/T1) in each of the five classi-
fications11).

 To evaluate the intra/inter-observer reliabili-
ties of each classification, a sample size calculation 
was estimated for ρ = 0.8 with a 95% confidence in-
terval of 0.4, rated by two examiners ; at least 20 
subjects would be needed.  Therefore, 30 subjects 
were randomly selected for kappa analysis.  Each 
intervertebral level from C2/3 to C7/T1 was mea-
sured by two orthopedic surgeons (HO & TW).  
The five classifications of disc degeneration were 
measured four times each in each subject.  The 
second and third measurements were performed 
one week and one month after the first measure-
ment.  The fourth measurement was performed 
one week after the third assessment.  Finally, one 
orthopedic surgeon (HO) examined all images with-
out any participants’ information, including their 
symptoms.  Other MRI assessments of vertebral 
endplate changes for Modic changes and Schmorl’s 
nodes were examined.  Modic changes were scored 
type I (hypointense on T1-WI and hyperintense on 
T2-WI), type II (hyperintense on T1- and T2-WI), 
and type III (hypointense on T1- and T2-WI) (Ta-
ble 1)12).  Schmorl’s nodes were defined as more 
than a 2-mm deficit on T2-WI at each vertebral body 
level.  The presence of a Schmorl’s node was de-
fined as observation of a node at least one vertebral 
endplate level13).

Data analysis

Intra-observer and inter-observer agreements 

were assessed by κ values for each classification.  
First, the κ values of intra-observer agreement were 
calculated between the first and second measure-
ment results of each intervertebral disc level by two 
observers.  Second, the κ values were calculated 
between the third and fourth measurements in the 
same way.  Finally, the average of these four κ val-
ues was used to evaluate intra-observer reliabili-
ty.  The inter-observer agreement was calculated 
between the first measurement results of each ob-
server.  Similarly, the κ values of the second to 
fourth measurements were calculated.  The aver-
age of these four κ values was used to evaluate in-
ter-observer reliability.  Interpretations were per-
formed in accordance with the guidelines suggested 
by Landis and Koch14).  Agreement was rated as 
follows : poor, κ 0 to 0.2 ; fair, κ 0.21 to 0.4 ; mod-
erate, κ 0.41 to 0.60 ; substantial, κ 0.61 to 0.8 ; and 
excellent, κ > 0.81.  A value of 1 indicated absolute 
agreement, whereas a value of 0 indicated agree-
ment no better than chance.  In addition, compari-
son between groups was performed using Tukey’s 
test and the Games-Howell test.  A p value of less 
than 0.05 was considered significant.  Odds ratios 
(ORs) were estimated using a logistic regression 
model, and a two-sided p < 0.05 was considered sig-
nificant.  ORs were adjusted for age, sex, and other 
explanatory variables to evaluate associations be-
tween the presence of neck pain, neck stiffness, or 
neck symptoms (either neck pain or shoulder stiff-
ness) and the findings of MRI images.  Baseline 
characteristics are described using appropriate sum-

Fig. 2.  Algorithm for Suzuki’s classification5)

	 Suzuki’s classification evaluates disc degeneration in the order of disc height, nucleus signal intensity, border of 
the nucleus, and disc bulge.  If the disc height decreases by more than 25%, it is grade 3.  If the nucleus is high 
intensity and homogeneous, it is grade 0.  If the nucleus is high intensity and inhomogeneous, or if the border of 
the nucleus is clear, it is grade 1.  If the border is not clear, but it does not have disc bulge, it is also grade 1.  If 
the border is not clear, and it has disc bulge, it is grade 2.
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mary statistics with the chi-squared test, Mann-

Whitney U test, and Cochran-Armitage’s propensity 
test.  Statistical analyses were performed using 
SPSS (version 13, SPSS, Chicago, IL).  A p value of 
less than 0.05 was considered significant.

Results

Intra/inter-observer agreements for each classification

The κ values for intra-observer and inter-ob-
server agreements of each classification are shown 
in Table 2.  The κ values for intra-observer agree-
ment of Matsumoto’s, Nakashima’s, and Jacobs’ clas-
sifications were substantial.  The κ values of Mi-
yazaki’s and Suzuki’s classifications were moderate.  
The κ value of intra-observer agreement was signifi-
cantly higher for Jacobs’ classification than for Mi-
yazaki’s classification.  There were no significant 
differences for the other classifications.

The κ values for inter-observer agreement of 
disc degeneration, posterior disc protrusion, and 
narrowing of the disc space in Matsumoto’s classifi-
cation were moderate.  The κ values of Nakashi-
ma’s and Jacobs’ classifications were moderate.  
The κ values for anterior disc protrusion of Matsu-
moto’s, Miyazaki’s, and Suzuki’s classifications were 
fair.  The κ value of inter-observer agreement was 
significantly higher for Nakashima’s and Jacobs’ clas-
sifications than for Suzuki’s classification.  There 
were no significant differences for other classifica-
tions.

Associations of disc degeneration grading on MRI 
findings and clinical symptoms

The 497 participants consisted of 155 male and 

342 female persons.  Their mean age was 64 years 
(range 25 to 93 years), and most participants were 
aged over 70 years (Fig. 3).

A comparison of the patients’ characteristics 
with and without neck pain is shown in Table 3.  
The prevalence of neck pain was 27.4% (136 of 497 
participants).  There were no significant differences 
in age and sex between participants with and with-
out neck pain.  In all classifications of disc degener-
ation, there was no difference in DDD scores be-
tween participants with and without neck pain.  The 
distribution for the highest severity of grade was 
only significantly higher with neck pain than without 
neck pain in Miyazaki’s classification (p = 0.000).  
The prevalence of Modic change was 5.4% (27 of 
497 participants).  There was no significant differ-
ence in Modic types with and without neck pain.  
The prevalence of Schmorl’s nodes was 32.4% (161 
of 497 participants).  Fifty-seven participants 
(41.9%) with neck pain were found to have 
Schmorl’s nodes, while in those without neck pain, 
28.8% had Schmorl’s nodes.  The prevalence of 
Schmorl’s nodes was significantly higher in partici-
pants with neck pain than in those without it 
(p = 0.005).

Comparisons of characteristics with and with-
out shoulder stiffness are shown in Table 4.  The 
prevalence of shoulder stiffness was 48.7% (242 of 
497 participants).  The mean age and distribution of 
age was younger with shoulder stiffness than with-
out it (p = 0.000).  DDD scores were significantly 
lower in the participants with than in those without 
shoulder stiffness in all classifications.  However, 
these differences were very small (range, 0.56 to 
1.19), and the clinical meaning might be unclear.  
There were no significant differences in sex, Modic 

Table 2. Kappa values of intra-and inter-observer agreements for each classification

Intra-observer agreement Inter-observer agreement

Grading system Observer 1 Observer 2 Avarage

First
time

Second
time

Third
time

Fourth
time AvarageFirst 

vs 
Second

Third 
vs

Fourth

First  
vs

Second

Third 
vs

Fourth

Matsumoto’s calssification
  Disc degeneration 0.447 0.604 0.651 0.688 0.606 0.402 0.485 0.376 0.407 0.418
  Posterior disc protrusion 0.476 0.736 0.844 0.740 0.705 0.368 0.350 0.509 0.452 0.420
  Anterior disc protrusion 0.625 0.705 0.469 0.631 0.617 0.162 0.151 0.456 0.427 0.299
  Narrowing of the disc space 0.548 0.658 0.720 0.667 0.651 0.641 0.470 0.492 0.557 0.534
Miyazaki’s classification 0.455 0.609 0.588 0.529 0.549 0.382 0.515 0.246 0.312 0.364
Nakashima’s classification 0.664 0.691 0.667 0.512 0.628 0.431 0.508 0.565 0.469 0.493*
Jacobs’ classification 0.786 0.75 0.614 0.715 0.719* 0.565 0.641 0.388 0.473 0.517*
Suzuki’s classification 0.565 0.575 0.606 0.627 0.594 0.243 0.228 0.343 0.406 0.305

    * ; Games-Howell test p<0.05
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types, and the prevalence of Schmorl’s nodes be-
tween the participants with and without shoulder 
stiffness.

According to the adjusted odds ratios on multi-
variate analysis, the associations of the MRI findings 
in each classification with the presence of neck pain, 
shoulder stiffness, and neck symptoms are shown in 
Table 5.  There were no significant associations for 
any clinical symptoms with DDD scores in the five 
classifications.  In addition, there was no associa-
tion between Modic change and any clinical symp-
toms.  The presence of Schmorl’s nodes was only 
associated with neck pain and neck symptoms. 

Discussion

MRI is a useful method for evaluating disc de-
generation1,4,6), but there is no gold standard for its 
evaluation.  Several classifications of disc degener-
ation using MRI to evaluate signal intensity, bulge, 
and height of intervertebral discs have already been 
reported1,4–8).  Since morphological assessment is 
subjective and affected by observer bias, the repro-
ducibility of the evaluation method is therefore im-
portant.  In addition, the associations between mor-
phological findings and clinical symptoms are still 

controversial.  There are previous studies in which 
the morphological findings using a different single 
assessment were evaluated for their associations 
with neck symptoms15).  It is not clear whether the 
methodology for assessment of disc degeneration us-
ing MRI itself affects the result for associations with 
symptoms, or it is evidence that morphological find-
ings are not associated with clinical symptoms.  In 
the present study, five different assessments of cer-
vical vertebral disc degeneration were analyzed for 
both their reproducibilities and their associations 
with symptoms.

 In the original papers of the five classifications, 
both intra-observer and inter-observer agreements 
of each classification were reported as moderate to 
almost complete.  In the present study, intra-ob-
server agreement was moderate to substantial, and 
inter-observer agreement was fair to moderate.  
The present results show that Jacobs’ classification 
has relatively high reproducibility.  This classifica-
tion is established for routine clinical use, and the 
criteria are simple ; therefore, it is easy to define 
each criterion, and both intra-observer and inter-ob-
server reproducibilities might be high.  One of the 
causes for lack of agreement is thought to be the 
problem of defining the criteria for degeneration.  

Fig. 3.  Flow chart of subject selection



113Associations between clinical neck symptoms and various evaluations of cervical intervertebral disc degeneration by magnetic resonance imaging

Table 3.  Comparison of characteristics between participants with and without neck pain

Neck pain (−) 
n = 361

Neck pain (+)
n = 136

p

Distribution of age (y) (n [%]) 0.570
      (mean ± SD) 64.4 ± 12.1 63.6 ± 12.9

< 50 44 (12.2) 21 (15.4)
50-59 70 (19.3) 25 (18.4)
60-69 99 (27.3) 35 (25.7)
≥ 70 148 (40.9) 55 (40.4)

Sex (n [%]) 0.899
Male 112 (31.0) 43 (31.6)

Female 249 (69.0) 93 (18.7)
Disc degeneration  
  Matsumoto’s calssification
    The most severity grade (n [%]) 0.348

Grade 0 5 (1.4) 3 (2.2)
Grade 1 80 (22.1) 34 (25.0)
Grade 2 276 (76.5) 99 (72.8)

    DDD score (range 0-12) 7.16 ± 3.00 7.14 ± 3.24 0.890
  Miyazaki’s classification
    The most severity grade (n [%]) 0.000

Grade 1 1 (0.3) 0 (0)
Grade 2 7 (1.9) 58 (3.7)
Grade 3 64 (17.7) 18 (13.2)
Grade 4 250 (69.3) 91 (66.9)
Grade 5 39 (10.8) 22 (16.2)

    DDD score (range 0-30) 19.36 ± 3.81 19.54 ± 4.31 0.352
  Nakashima’s classification
    The most severity grade (n [%]) 0.319

Grade 1 6 (1.7) 3 (2.2)
Grade 2 25 (6.9) 9 (6.6)
Grade 3 288 (79.8) 100 (73.5)
Grade 4 42 (11.6) 24 (17.6)

    DDD score (range 0-24) 14.89 ± 3.31 15.05 ± 3.61 0.392
  Jacobs’ classification
    The most severity grade (n [%]) 0.403

Grade 0 10 (2.8) 11 (8.1)
Grade 1 299 (82.8) 99 (72.8)
Grade 2 28 (7.89) 16 (11.8)
Grade 3 15 (4.2) 10 (7.4)

    DDD score (range 0-18) 4.33 ± 2.14 4.57 ± 2.37 0.278
  Suzuki’s classification
    The most severity grade (n [%]) 0.592

Grade 0 1 (0.3) 0 (0)
Grade 1 67 (18.6) 24 (17.6)
Grade 2 156 (43.2) 57 (41.9)
Grade 3 137 (38.0) 55 (40.4)

    DDD score (range 0-18) 8.64 ± 2.59 8.57 ± 2.80 0.984
  Modic change (n [%]) 0.124
    None 342 (94.7) 128 (94.1)
    Presence 19 (5.3) 8 (5.9)

Type 1 9 1
Type 2 11 5
Type 3 1 4

  Schmorl node (n [%]) 0.005
    None 257 (71.2) 79 (58.1)
    Presence 104 (28.8) 57 (41.9)

    Abbreviations :  DDD, degenerative disc disease. 
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Table 4.  Comparison of characteristics between participants with and without shoulder stiffness

Shoulder stiffness (−) 
n = 255

Shoulder stiffness (+)
n = 242

p

Distribution of age (y) (n [%]) 0.000
(mean ± SD) 66.8 ± 11.1 61.3 ± 13.0

<50 21 (8.2) 44 (18.2)
50-59 38 (14.9) 57 (23.6)
60-69 70 (27.5) 64 (26.4)
≥70 126 (49.4) 77 (31.8)

Sex (n [%]) 0.101
Male 88 (34.5) 67 (27.7)

Female 167 (64.5) 175 (72.3)
Disc degeneration  
  Matsumoto’s calssification
    The most severity grade (n [%]) 0.002

Grade 0 3 (1.2) 5 (2.1)
Grade 1 44 (17.3) 70 (28.9)
Grade 2 208 (81.5) 167 (69.0)

    DDD score (range 0-12) 7.68 ± 3.03 6.60 ± 3.01 0.000
  Miyazaki’s classification
    The most severity grade (n [%]) 0.051

Grade 1 0 (0) 1 (0.4)
Grade 2 6 (2.4) 6 (2.5)
Grade 3 29 (11.4) 53 (21.9)
Grade 4 190 (74.5) 151 (62.4)
Grade 5 30 (11.8) 31 (12.8)

    DDD score (range 0-30) 19.99 ± 3.78 18.80 ± 4.04 0.001
  Nakashima’s classification
    The most severity grade (n [%]) 0.267

Grade 1 4 (1.6) 5 (2.1)
Grade 2 10 (3.9) 24 (9.9)
Grade 3 208 (81.6) 180 (74.4)
Grade 4 30 (11.8) 33 (13.6)

    DDD score (range 0-24) 15.41 ± 3.20 14.43 ± 3.52 0.001
  Jacobs’ classification
    The most severity grade (n [%]) 0.422

Grade 0 8 (3.1) 22 (9.1)
Grade 1 213 (83.5) 185 (76.4)
Grade 2 22 (8.6) 22 (9.1)
Grade 3 12 (4.7) 13 (5.49)

    DDD score (range 0-18) 4.67 ± 2.02 4.11 ± 2.36 0.004
  Suzuki’s classification
    The most severity grade (n [%]) 0.006

Grade 0 0 (0) 1 (0.4)
Grade 1 38 (14.9) 53 (21.9)
Grade 2 113 (44.3) 100 (41.3)
Grade 3 104 (40.8) 88 (36.4)

    DDD score (range 0-18) 8.97 ± 2.53 8.27 ± 2.73 0.002
  Modic change (n [%]) 0.239
    None 245 (96.1) 225 (92.9)
    Presence 10 (3.9) 17 (7.0)

Type 1 4 6
Type 2 5 11
Type 3 3 2

  Schmorl node (n [%]) 0.940
    None 172 (67.5) 164 (67.8)
    Presence 83 (32.5) 78 (32.2)

    Abbreviations :  DDD, degenerative disc disease. 
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Table 5.  Associations of MRI findings with  neck pain and shoulder stiffness in multivariate regression analysis

Neck pain (n = 136) Neck stiffness (n = 242) Neck symptoms (n = 279)
OR 95%CI p value OR 95%CI p value OR 95%CI p value

Matsumoto’s classification
Sex 1.108 0.717-1.712 0.645 0.702 0.47-1.046 0.082 1.201 0.81-1.781 0.363
Age 1.008 0.989-1.027 0.437 1.031 1.013-1.05 0.001 0.973 0.956-0.991 0.003
DDD score 0.984 0.888-1.09 0.755 1.068 0.974-1.171 0.16 0.997 0.91-1.092 0.997
Max DD grade 1.414 0.776-2.577 0.258 1.091 0.629-1.893 0.756 0.692 0.397-1.207 0.692
Modic change
  type1 2.76 0.33-23.117 0.349 0.275 0.053-1.423 0.124 2.688 0.521-13.876 0.238
  type2 1.431 0.386-5.299 0.592 0.475 0.152-1.484 0.2 2.052 0.62-6.791 0.239
  type3 0.13 0.014-1.194 0.071 1.455 0.231-9.184 0.69 2.699 0.292-24.912 0.381
Schmorl node 1.875 1.196-2.938 0.006 1.367 0.899-2.079 0.143 0.633 0.417-0.962 0.032

Miyazaki’s classification
Sex 1.098 0.711-1.696 0.672 0.707 0.475-1.052 0.087 1.217 0.821-1.802 0.328
Age 1.013 0.993-1.033 0.194 1.035 1.016-1.055 0 0.971 0.953-0.989 0.002
DDD score 1.02 0.943-1.103 0.621 1.05 0.978-1.127 0.178 0.992 0.924-1.064 0.817
Max DD grade 0.765 0.489-1.197 0.241 0.86 0.57-1.296 0.47 0.916 0.608-1.378 0.672
Modic change
  type1 3.144 0.376-26.291 0.29 0.273 0.052-1.418 0.273 2.585 0.502-13.322 0.256
  type2 1.572 0.423-5.845 0.5 0.499 0.159-1.564 0.233 2.003 0.606-6.619 0.255
  type3 0.151 0.016-1.4 0.096 1.539 0.243-9.742 0.647 2.731 0.292-25.511 0.378
Schmorl node 1.81 1.16-2.826 0.009 1.303 0.859-1.976 0.213 0.647 0.427-0.982 0.041

Nakashima’s classificaion
Sex 1.094 0.709-1.689 0.686 0.713 0.479-1.062 0.096 1.207 0.815-1.788 0.348
Age 1.012 0.993-1.032 0.213 1.036 1.017-1.056 0 0.97 0.953-0.989 0.001
DDD score 1.012 0.928-1.104 0.787 1.056 0.976-1.143 0.173 0.978 0.904-1.058 0.581
Max DD grade 0.801 0.484-1.325 0.387 0.786 0.496-1.247 0.306 1.019 0.642-1.616 0.937
Modic change
  type1 3.053 0.365-25.531 0.303 0.27 0.052-1.405 0.12 2.547 0.495-13.105 0.263
  type2 1.564 0.419-5.834 0.505 0.502 0.16-1.582 0.239 1.988 0.6-6.593 0.261
  type3 0.146 0.016-1.355 0.091 1.525 0.242-9.613 0.653 2.662 0.285-24.838 0.39
Schmorl node 1.806 1.16-2.813 0.009 1.283 0.848-1.941 0.239 0.648 0.428-0.981 0.041

Jacobs’ classificaiton
Sex 1.085 0.702-1.675 0.714 0.702 0.471-1.046 0.082 1.212 0.818-1.795 0.338
Age 1.014 0.995-1.034 0.15 1.037 1.019-1.056 0 0.97 0.953-0.988 0.001
DDD score 0.978 0.854-1.119 0.743 1.077 0.954-1.215 0.23 0.963 0.854-1.087 0.543
Max DD grade 0.899 0.579-1.395 0.634 0.794 0.526-1.199 0.273 1.048 0.695-1.581 0.823
Modic change
  type1 3.134 0.373-26.306 0.293 0.277 0.053-1.438 0.127 2.524 0.49-12.996 0.268
  type2 1.605 0.428-6.019 0.483 0.52 0.165-1.64 0.265 1.97 0.592-6.549 0.269
  type3 0.156 0.017-1.472 0.105 1.678 0.261-10.776 0.585 2.622 0.275-24.96 0.402
Schmorl node 1.747 1.113-2.742 0.015 1.283 0.842-1.954 0.246 0.644 0.422-0.981 0.041

Suzuki’s classificaion
Sex 1.134 0.732-1.758 0.574 0.716 0.479-1.068 0.102 1.206 0.811-1.794 0.354
Age 1.008 0.99-1.027 0.404 1.036 1.018-1.054 0 0.973 0.957-0.99 0.002
DDD score 1.106 0.975-1.256 0.117 1.076 0.96-1.206 0.21 0.932 0.832-1.044 0.226
Max DD grade 0.742 0.488-1.129 0.163 0.918 0.628-1.343 0.66 1.002 0.685-1.466 0.992
Modic change
  type1 3.001 0.356-25.298 0.312 0.256 0.49-1.34 0.107 2.753 0.535-14.282 0.225
  type2 1.451 0.39-5.404 0.579 0.477 0.152-1.503 0.206 2.146 0.646-7.131 0.213
  type3 0.142 0.015-1.321 0.086 1.488 0.236-9.399 0.673 2.797 0.301-25.999 0.366
Schmorl node 1.992 1.265-3.136 0.003 1.338 0.878-2.041 0.176 0.605 0.396-0.925 0.02

    Abbreviations : DDD, degenerative disc disease. 
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The criteria for judging signal intensity and disc pro-
trusion are inferred from the written words in the 
papers.  Therefore, the reproducibility may de-
crease due to differences in interpretation of the 
words used to describe the classification.  In partic-
ular, it seems that the criteria for determining nucle-
us signal intensity are likely to be confusing.  For 
example, in Matsumoto’s and Suzuki’s classifica-
tions, evaluation of the height has rough criteria, 
such as 25% or 50% reduction, so that it is easier to 
classify than nucleus signal intensity.  However, 
there is no clear standard for nucleus signal intensi-
ty, because signal intensity is evaluated in Matsumo-
to’s and Suzuki’s classifications by comparison with 
cerebrospinal fluid, but that is not a clear stan-
dard.  In other classifications, signal intensity is 
categorized as high signal intensity, low signal inten-
sity, and no signal intensity, but there are no defini-
tions of high signal intensity and of low signal inten-
sity.  It is difficult to evaluate signal intensity 
quantitatively, and how much signal intensity is high 
and how much low signal intensity is low depends 
on the evaluator.  Therefore, the determination of 
nucleus signal intensity is subjective and tends to 
vary.

According to the present results, quantitative 
measurement of nuclear signal intensity is proposed 
as a criterion for degeneration.  Use of more quan-
titative MRI in the study of intervertebral disc de-
generation in vivo has been carried out previous-
ly16-19).  It might improve the inter-observer 
agreement of the evaluation of disc degeneration and 
exclude the observer’s experience, whereas quanti-
tative measurement of MRI might not be convenient 
under routine clinical conditions.  Currently, re-
search using artificial intelligence (AI) for image 
evaluation is being conducted, and its accuracy is 
considered to be high20,21).  AI could solve the prob-
lem of reproducibility and is likely to become a 
method of image evaluation in the near future.

It is considered that a degenerative cervical 
disc is a source of neck pain22), and the prevalence of 
disc degeneration was 67% in patients with neck 
pain23).  In the present study, disc degeneration was 
not more severe with shoulder stiffness than with-
out it, because the mean age of those with shoulder 
stiffness was younger than that of participants with-
out shoulder stiffness.  After adjustment using a lo-
gistic regression model, the severity of disc degen-
eration in all five classifications on MRI was not 
associated with neck pain, shoulder stiffness, or 
neck symptoms (neck pain and shoulder stiffness).  
The Bone and Joint 2000-2010 Task Force on Neck 

Pain reported that they did not identify any evidence 
demonstrating that disc degeneration is a risk factor 
for neck pain24).  The results of the present study 
suggest that disc degeneration of the cervical spine 
might not be the single key factor for the presence 
of neck-related symptoms.  In addition, according 
to previous studies, the prevalence of Modic change 
in the cervical spine varied from 5% to 40% ; type 2 
was predominant, and type 3 was the least preva-
lent15,25).  The prevalence of Modic change was 
5.4%, type 2 was the most common, and type 3 was 
the least common in the present study.  The mor-
phological findings were similar to those reported 
previously.  In a cohort study, neck pain was inde-
pendently associated with all types of Modic changes 
(odds ratio 2.7, 95% confidence interval 1.08-6.8), 
but shoulder stiffness was not26).  On the other 
hand, there were no differences in neck pain intensi-
ty, Neck Disability Index, and physical and mental 
component summaries of the 36-Item Short Form 
Health Survey in participants with or without Modic 
change27).  In the present study, there was no asso-
ciation between Modic change and clinical neck-re-
lated symptoms.  The relationships of disc degen-
eration and Modic change with neck symptoms are 
still controversial, depending on the participant pop-
ulation in each study.

Even though Schmorl’s nodes can be located at 
any level of the spine, they were located in the cer-
vical spine in 5.9%, in the thoracic spine in 47.7%, 
and in the lumbar spine in 46.3%13).  In the present 
study, the association with Schmorl’s nodes was 
greater depending on both neck pain and neck symp-
toms, but not shoulder stiffness.  Schmorl’s nodes 
are seen in asymptomatic cases, but they can be a 
source of pain28).  There are not enough reports of 
evidence of an association between Schmorl’s nodes 
in the cervical spine and clinical symptoms.  In ad-
dition, the mechanism of different locations is not 
known ; associations of factors with Schmorl’s 
nodes should be investigated.  In the previous 
study, it was found that there was an association be-
tween patients with severe neck pain of more than 5 
points on the pain numerical rating scale and both 
cervical curvature and spondylolisthesis indepen-
dently, but not MRI findings for disc degeneration or 
Modic change29).  On the other hand, it was report-
ed that cervical disc degeneration was found in 60% 
of asymptomatic subjects30).  In the present study, 
there was no relationship between disc degeneration 
in each MRI classification and neck symptoms, how-
ever, the degree of neck symptoms was not evaluat-
ed in this study.  Therefore, the association of be-
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tween disc degeneration and severity of clinical 
symptoms is still uncertain.

The strength of this study is that five different 
kinds of MRI evaluations for disc degeneration were 
performed in individual participants.  In addition, 
the distribution of each MRI item with and without 
clinical symptoms was evaluated, and associations 
among them were analyzed using a logistic regres-
sion model.  Therefore, various morphological find-
ings were compared to determine the possible 
pathogenesis of symptoms.  Even though there was 
no specific classification of disc degeneration, there 
was no association between disc degeneration and 
symptoms.  The second strength is that the data 
were obtained from a large community-based popu-
lation, and various analyses have been performed, 
including the present study.  Therefore, compared 
to a hospital-based survey, the results of the present 
study come from a real-world setting and are rele-
vant for establishing the pathogenesis of cervical 
spine degeneration.

There were some limitations to the present 
study.  First, only relatively healthy subjects were 
enrolled, and usually only those with any symptoms 
or more severe symptoms would undergo MRI.  
However, each possible MRI finding was distributed 
among all grades, and non-symptomatic participants 
agreed to undergo MRI.  Therefore, compared to a 
hospital-based study, the benefit of this study was 
that all grades of morphological changes, including 
mild and unchanged cases, would be evaluated.  
Second, since the research location was in a rural 
and mountainous area, one may not be completely 
able to extrapolate the findings to the typical Japa-
nese population.  Third, the severity of neck symp-
toms was not examined.  Therefore, the relation-
ship between MRI findings and severity of clinical 
symptoms cannot be evaluated.  Finally, this was a 
cross-sectional study ; therefore, causal relation-
ships between morphological changes and symptoms 
related to the cervical spine could not be deter-
mined. 

Conclusion

In the present study, there was no difference 
among the five classifications in reproducibility ;  
therefore, the simple evaluation method with higher 
accuracy is useful for routine clinical use.  In addi-
tion, there was no specific classification for evaluat-
ing cervical disc degeneration by MRI that showed 
associations with clinical symptoms.  Only the 
presence of Schmorl’s nodes was strongly related to 

neck symptoms, but not disc degeneration.  In the 
future, it may be necessary to create a new classifi-
cation system with simple and objective criteria for 
image evaluation to investigate cervical disc degen-
eration.
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