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Objectives: The purposes of this study were to investigate the prevalence and distribution of interver-
tebral disc degeneration (DD) over the entire spine using magnetic resonance imaging (MRI), and to
examine the factors and symptoms potentially associated with DD.

Design: This study included 975 participants (324 men, mean age of 67.2 years; 651 women, mean age of
66.0 years) with an age range of 21—97 years in the Wakayama Spine Study. DD on MRI was classified
into Pfirrmann’s system (grades 4 and 5 indicating DD). We assessed the prevalence of DD at each level in
the cervical, thoracic, and lumbar regions and the entire spine, and examined DD-associated factors and
symptoms.

Results: The prevalence of DD over the entire spine was 71% in men and 77% in women aged <50 years,
and >90% in both men and women aged >50 years. The prevalence of an intervertebral space with DD
was highest at C5/6 (men: 51.5%, women: 46%), T6/7 (men: 32.4%, women: 37.7%), and L4/5 (men: 69.1%,
women: 75.8%). Age and obesity were associated with the presence of DD in all regions. Low back pain
was associated with the presence of DD in the lumbar region.

Conclusion: The current study established the baseline data of DD over the entire spine in a large
population of elderly individuals. These data provide the foundation for elucidating the causes and

mechanisms of DD.

© 2013 Osteoarthritis Research Society International. Published by Elsevier Ltd. All rights reserved.

Introduction

Intervertebral disc degeneration (DD) is thought to be the first
step in degenerative spinal changes’, and is typically followed by
the gradual formation of osteophytes, disc narrowing, and spinal
stenosis>>. Furthermore, DD is considered to be one of the causes of
several symptoms (neck pain or low back pain)*~’. Therefore, in
terms of developing preventive strategies for spinal disorders, it
will be important to obtain fundamental data on DD (prevalence,
distribution, associated factors, etc.) in a population-based cohort.

* Address correspondence and reprint requests to: H. Hashizume, Wakayama
Medical University, 811-1 Kimiidera, Wakayama City, Wakayama 641-8510, Japan.
Tel: 81-73-447-2300; Fax: 81-73-448-3008.

E-mail address: hashizum@wakayama-med.ac.jp (H. Hashizume).

We believe that the analysis of DD over the entire spine would
provide more useful data than that of DD in the cervical, thoracic, or
lumbar regions, separately. In particular, investigations on the
extent of DD in these three regions using whole spine magnetic
resonance imaging (MRI) could provide useful data concerning
intra-individual factors in the development of DD. Several studies
have examined degenerative changes in only cervical and lumbar
discs because of the high susceptibility to DD in these regions®~'2.
As well, several previous studies have investigated the aging pro-
cess of the intervertebral discs in the cervical and lumbar regions
using MRI in population-based cohorts'>'%. However, degenerative
changes in the thoracic region and correspondingly over the entire
spine are poorly understood, because DD in the thoracic region is
considered to be an uncommon problem'>'®, In particular, the
stabilization of the thoracic region by the thoracic cage, which
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reduces the mechanical stress imposed on the intervertebral discs,
is believed to reduce the incidence of degenerative diseases in this
region'”.

Consistent with the above-mentioned previous studies, a
population-based cohort analysis of DD in the different spinal re-
gions using MRI could be used to examine the distribution of DD
over the entire spine. However, to our knowledge, no previous
studies have performed this type of investigation with a
population-based cohort.

From the perspective of discogenic pain, the association be-
tween DD and symptoms remains controversial, although several
reports have found that DD was a source of low back pain®°.
Moreover, reports on the association between the presence of DD in
the cervical and thoracic regions and neck pain are rare®’. Further,
these studies were not performed with population-based cohorts
and did not use whole spine MRI. Thus, no study has assessed neck
pain and low back pain within individuals using whole spine MRI.
To clarify the points described above, we established a population-
based cohort study in which participants underwent whole spine
MRI and were examined for symptoms associated with spinal dis-
orders. This is our first report of DD over the entire spine based on a
cross-sectional examination of a baseline population.

The aims of this study were to examine (1) the prevalence and
distribution of DD over the entire spine using MRI in a population-
based cohort, (2) the factors associated with DD (age, gender, and
body mass index [BMI]) in the cervical, thoracic, and lumbar re-
gions, and (3) the association between DD and symptoms (neck
pain and low back pain).

Methods
Participants

The present study, entitled the Wakayama Spine Study, was
performed with a sub-cohort of the second visit of the ROAD
(Research on Osteoarthritis/osteoporosis Against Disability) study,
which was initiated as a nationwide, prospective study of bone and
joint diseases in population-based cohorts; the cohorts were
established in three communities with different characteristics (i.e.,
urban, mountainous, and coastal regions) in Japan. A detailed
profile of the ROAD study has already been described else-
where'®!°. Here, we briefly summarize the profile of the present
study. The second visit of the ROAD study began in 2008 and was
completed in 2010. All the participants in the baseline study were
invited to participate in the second visit. In addition to the former
participants, inhabitants aged 60 years and older in the urban area
and those aged 40 years and younger in the mountainous and
coastal areas who were willing to participate in the ROAD survey
were also included in the second visit (both the mountainous and
coastal areas were in Wakayama prefecture). Finally, 2674 in-
dividuals (900 men, 1774 women) participated in the second visit of
the ROAD study, and comprised 1067 individuals (353 men, 714
women) in the urban area, 742 individuals (265 men, 477 women)
in the mountainous area, and 865 individuals (282 men, 583
women) in the coastal area. Among these three communities in the
ROAD study, the mountainous and coastal areas from which we
invited all 1607 participants (547 men, 1060 women) to the
Wakayama Spine Study are located in Wakayama prefecture. Of the
1607 participants, a total of 1011 individuals provided written
informed consent and attended the Wakayama Spine Study with
MRI examinations’>?!. Among the 1011 participants, those who
had MRI-sensitive implanted devices (e.g., pacemakers) and other
disqualifiers were excluded. Consequently, 980 individuals under-
went MRI of the whole spine. Furthermore, one participant who
had undergone a previous cervical operation and four participants

who had undergone a previous posterior lumbar fusion were
excluded from the analysis. Finally, whole spine MRI results were
available for 975 participants (324 men, 651 women) with an age
range of 21-97 years (mean, 67.2 years for men and 66.0 years for
women). Table I shows the demographic and baseline character-
istics of the 975 participants in the present study.

For the purpose of analysis, the participants were divided into
five age groups: (1) under 50 years, (2) 50—59 years, (3) 60—69
years, (4) 70—79 years, and (5) 80 years and over. The anthropo-
metric measurements included height, weight, and BMI (weight
[kg]/height? [m?]). BMI was categorized according to the guidelines
for Asians proposed by the World Health Organization and was
thus defined as follows: underweight, less than 18.5; normal, 18.5—
23; overweight, 23—27.5; and obesity, greater than 27.5%%. Experi-
enced orthopedists also asked all participants the following ques-
tion regarding neck pain and low back pain: “Have you experienced
neck pain on most days during the past month, in addition to
now?” and “Have you experienced low back pain on most days
during the past month, in addition to now?” Those who answered
“yes” were defined as having neck pain or low back pain based on
previous studies®> 2,

MRI

A mobile MRI unit (Excelart 1.5 T, Toshiba, Tokyo, Japan) was
used in the present study, and whole spine MRI was performed for
all participants on the same day as the examination. The partici-
pants were supine during the MRI, and those with rounded backs
used triangular pillows under their head and knees. The imaging
protocol included sagittal T2-weighted fast spin echo (FSE) (repe-
tition time [TR]: 4000 ms/echo, echo time [TE]: 120 ms, field of
view [FOV]: 300 x 320 mm), and axial T2-weighted FSE (TR:
4000 ms/echo, TE: 120 ms, FOV: 180 x 180 mm).

Sagittal T2-weighted images were used to assess the interver-
tebral space from C2/3 to L5/S1. C2/3 to C7/T1, T1/2 to T12/L1, and
L1/2 to L5/S1 were defined as the cervical region, thoracic region,
and lumbar region, respectively. DD grading was performed by an

Table I
Characteristics of participants
Overall Men Women

No. of participants 975 324 651
Age strata (years)
<50 125 38 87
50-59 175 59 116
60—69 223 65 158
70-79 261 89 172
=80 191 73 118
Demographic characteristics
Age, years 66.4 + 13.5 67.2 +13.9 66.0 + 134
Height, cm 156.4 + 9.4 164.6 + 7.2 1515+ 7.2
Weight, kg 56.8 + 11.5 64.5 + 11.6 53.0 +94
BMI (kg/m?) 233 +3.6 236+ 34 23.1+3.7
BMI (WHO-Asian category) (N)
Underweight 61 16 45
Normal 425 124 300
Overweight 361 139 221
Obesity 128 44 84
Baseline characteristics
Symptoms (%)
Neck pain 249 194 27.7
Low back pain 43 36.7 421
Life style (%)
Smoking 10.7 252 4.1
Alcohol consumption 314 56.8 18.8

BMI category for Asian was based on World Health Organization (WHO) guidelines
defining underweight (<18.5), normal (18.5—23), overweight (23—27.5), and obese
(>27.5). Values are the means + standard deviation.
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orthopedist (MT) who was blind to the background of the subjects.
The degree of DD on MRI was classified into five grades based on
Pfirrmann’s classification system?’, with grades 4 and 5 indicating
DD. As shown in Fig. 1, the signal intensity for grade 4 was inter-
mediate to hypointense to the cerebrospinal fluid (dark gray), while
the structure is inhomogeneous. Meanwhile, for grade 5, the signal
intensity is hypointense to the cerebrospinal fluid (black), and the
structure is likewise inhomogeneous. In addition, the disc space is
collapsed. It has been reported that loss of signal intensity is
significantly associated with the morphological level of the DD and
is also associated with both the water and proteoglycan content in a
disc?®. Therefore, we used a grading based on signal intensity and
disc height. For evaluating intraobserver variability, 100 randomly
selected magnetic resonance images of the entire spine were
rescored by the same observer (MT) more than 1 month after the
first reading. Furthermore, to evaluate interobserver variability, 100
other magnetic resonance images were scored by two orthopedists
(MT and RK) using the same classification. The intraobserver and
interobserver variability for DD, as evaluated by kappa analysis, was
0.94 and 0.94, respectively.

“Prevalence of DD”, which was defined as “the proportion of the
number of participants who had DD at each intervertebral space or
region or over the entire spine divided by the total number of
participants”, was used to describe the frequency of the presence of
DD. In the analysis, to clarify the associated factors using multiple
logistic regression analysis, we entered a variable of prevalence
state (1, presence; 0, absence) of DD as a dependent variable.

Statistical analysis

Multiple logistic regression analysis was used to estimate the
association between the presence of DD in each region (cervical,
thoracic, and lumbar) as dependent variables and the age group,
gender, and BMI category as nominal independent variables after
adjustment for the age group, gender and BMI category, mutually.

Additionally, multiple logistic regression analysis was used to
estimate the association between the presence of neck pain or low
back pain and the presence of DD in each region after adjustment
for age, gender, and BMI. Furthermore, in cases in which the pres-
ence of DD was significantly associated with a symptom, we
examined as a sub-analysis the association between the presence of
neck pain or low back pain and the number of DD (categorized into
“0”,“1 or 2”7, “3 or more” for ready assessment) in each region using
multiple logistic regression analysis after adjustment for age,
gender, and BMI. All statistical analyses were performed using JMP
version 8 (SAS Institute Japan, Tokyo, Japan).

Results

As shown in Table II, the prevalence of DD in the cervical and
thoracic regions and over the entire spine increased with the
elevation of the age strata in both men and women. For both
genders, the prevalence of DD in the lumbar region was also

increased with the elevation of the age strata up to the 70-year-old
age group but decreased in the 80-year-old age group. Table III

Grade 1

Grade 2

Grade 3

Grade 4

Disc
Degeneration

Grade 5

Fig. 1. Mid-sagittal view on T2-weighted images of the whole spine MRI with Pfirrmann classification. The grade is described according to Pfirrmann classification. Grades 4 and 5
were considered degenerated. The signal intensity for grade 4 was intermediate to hypointense to the cerebrospinal fluid (dark gray), while the structure is inhomogeneous.
Meanwhile, for grade 5, the signal intensity is hypointense to the cerebrospinal fluid (black), and the structure is also inhomogeneous. Additionally, the disc space is collapsed.
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shows the prevalence of intervertebral spaces with DD over the
entire spine for the participants in this study. The three highest
prevalence levels of DD in the intervertebral spaces in the cervical,
thoracic, and lumbar regions were as follows. The prevalence at C5/
6 was 51.5% (95% CI: 46.1-56.3) in men and 46% (95% Cl: 42.2—49.9)
in women, followed by the prevalence at C6/7 of 43.5% in men and
33.3% in women, and at C4/5 of 38.6% in men and 35.8% in women.
The prevalence at T6/7 was 32.4% (95% CI: 27.5—37.6) in men and
37.7% (95% Cl: 34.1—41.5) in women, followed by the prevalence at
T7/8 of 31.8% in men and 36.2% in women, and at T5/6 of 28.4% in
men and 35.9% in women. The prevalence at L4/5 was 69.1% (95%
Cl: 63.9—-73.9) in men and 75.8% (95% Cl: 72.3—78.9) in women,
followed by that at L5/S1 of 66.7% in men and 70.9% in women, and
at L3/4 of 59.3% in men and 61.9% in women.

An older age was significantly associated with the presence of DD
in each region. Gender was not significantly associated with the
presence of DD in each region, although men demonstrated a ten-
dency for a greater number of DD than women in the cervical region.
In addition, overweight status (BMI: 23—27.5) was a significantly
associated factor in the cervical and thoracic regions, and obesity
(BMI: >27.5) was a significantly associated factor in all regions
compared with participants of a normal weight (BMI: 18.5-23)
(Table 1V).

The participants with DD in the cervical region did not signifi-
cantly differ in terms of the presence of neck pain (OR 0.88, 95% CI:
0.63—1.22, P = 0.53). The presence of DD in the thoracic region was
not significantly associated with neck pain (OR 0.84, 95% CI: 0.60—
119, P = 0.33) and low back pain (OR 1.08, 95% CI. 0.80—1.47,
P = 0.60). However, the presence of DD in the lumbar region was
significantly associated with low back pain (OR 1.57, 95% CI: 1.02—
249, P < 0.05). Moreover, in a sub-analysis, we investigated the
association between low back pain and the number of DD in the
lumbar region (“0”, “1 or 2”, “3 or more”). The presence of low back
pain was significantly higher in participants with three or more DD
(OR 1.75, 95% CI: 1.11-2.81, P < 0.05), but not in those with one or
two DD (OR 1.34, 95% CI: 0.84—2.20, P = 0.22), as compared with
participants without DD.

Discussion

This study is the first to report the prevalence and distribution of
DD over the entire spine using whole spine MRI in a population-
based cohort. The prevalence of DD over the entire spine and in
each of the three spinal regions was higher in older participants. In
addition, we noted that the presence of DD was significantly
associated with low back pain in the lumbar region but not with
neck pain in the cervical region.

Battié et al. reviewed the prevalence of DD in the lumbar region
and noted that it ranged from 20% to 83%2°. Consistent with the
observations of this review, other reported prevalence levels of DD
in the lumbar region have shown wide variation between samples
and have often been quite high because the studies had certain

Table II
Prevalence of DD by age strata in men and women
Entire spine Cervical Thoracic Lumbar
Men Women Men Women Men Women Men Women
Age strata (years)
<50 710 770 263 279 157 114 552 712
50-59 915 93.1 474 491 49.1 353 864 913
60—-69 984 955 66.1 544 615 63.2 969 943
70-79 958 994 809 72.0 73.0 79.6 96.6 96.5
=80 932 974 86.3 855 794 889 82.1 845

Values are percentage.

drawbacks, including relatively small sample sizes>°, narrow age

ranges>>!, and asymptomatic subjects*?. However, no previous
study has assessed the prevalence of DD over the entire spine using
whole spine MRI. We noted that the prevalence of DD over the
entire spine exceeded 70% in participants less than 50 years of age
and was greater than 90% in participants older than 50 years of age.

Little epidemiological data are available concerning DD in the
intervertebral space using MRI assessments in a population-based
cohort. Matsumoto et al.* reported that the prevalence of DD in
the cervical region was the highest at C5/6 (86% in men and 89% in
women over the age of 60 years). In addition, Hanagai et al.>> and
Kanayama et al.>* reported that the prevalence of DD in the lumbar
region was the highest at L4/5 (67%; mean age 68.4 years) and L5/S1
(49.5%; mean age 39.7 years), respectively. In the present study, the
prevalence of DD was the highest at C5/6 (51.5% in men and 46.0%
in women) and L4/5 (69.1% in men and 75.8% in women). The
prevalence of cervical DD in the previous study by Matsumoto
et al.* was higher than that in the present study. However, the
subjects were recruited from volunteers in the hospital rather than
a population; thus, the capacity for strict comparisons are limited.
Furthermore, few studies have reported age-related DD in the
thoracic region. Matsumoto et al. reported that the highest preva-
lence of DD occurred at T7/8 (30.9%; mean age 48.0 y) followed by
T6/7 in the thoracic region; however, all 94 participants in this
report were asymptomatic>>. In the present study, we confirmed a
high prevalence of DD at T6/7 in the thoracic region. This finding is
supported by results from thoracic MRI investigations demon-
strating a high prevalence of DD in asymptomatic individuals.

The distribution of prevalence of DD was similar to the align-
ment of the spine in the sagittal plane, such as cervical lordosis
(C3—C7), thoracic kyphosis (T1—T12), and lumbar lordosis (L1—
L5)°°. The high prevalence of DD in the lumbar region can poten-
tially be explained by mechanical stress. Our results support the
hypothesis that compressive stress affected DD, since compressive
stresses are the highest in the mid-thoracic region of the entire
spine®’. Mechanical stress on the thoracic intervertebral disc is
reduced due to stabilization by the thoracic cage, and therefore, the
thoracic intervertebral disc may be affected by the detrimental
effect of compressive stress caused by posture on the sagittal bal-
ance of the spine®:. This study also provides the first mapping of
intervertebral spaces with DD over the entire spine by MRI analysis,
which adds to our knowledge of the distribution of prevalence of
DD in the cervical, thoracic, and lumbar regions, which has been
reported only fragmentarily in previous reports.

Our current results confirmed that age was a significant factor
associated with the presence of DD in all three regions. Previous
studies reported that the association of DD to factors such as height,
weight, and gender was uncertain; however, age, obesity, smoking,
and occupation have been suggested to be DD-associated factors>®~
42 The previous studies focused almost entirely on the lumbar re-
gion, and the identification of associated factors may be challenging
for this region because it is affected to a greater extent by various
factors, including mechanical stress. Moreover, it remains unknown
what other factors (beyond age) are associated with DD in the
cervical and thoracic regions®'>. In the present study, overweight
and obesity significantly influenced DD in the cervical and thoracic
regions (cervical; OR: overweight 1.38 [95% CI 1.00—1.90], obesity
1.60 [95% CI 1.04—2.51], thoracic; OR: overweight 1.64 [95% CI 1.17—
2.29], obesity 3.12 [95% CI 1.91-5.19]), and obesity also significantly
influenced DD in the lumbar region (OR: 2.56 [95% CI 1.20—6.14]). In
a previous study, Samartzis et al. reported that DD in the lumbar
region was significantly associated with overweight and obesity>’.
However, DD in the cervical and thoracic region did not demon-
strate a significant association with BMI, as reported by Okada
et al.® and Matsumoto et al.>>. Of note, the previous studies were
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Table III
Prevalence of intervertebral spaces with DD over the entire spine by age strata in men and women

Age strata C2/3 C3/4 C4/5 C5/6 C6/7 C7/T1 T1/2 T2/3 T3/4 T4/5 T5/6 T6/7 T7/8 T8/9 T9/10 T10/11 T11/12 T12/L1 L1/2 12/3 L3/4 L4/5 L5/S1
(years)

Men

Total 283 302 386 515 435 268 203 234 222 240 284 324 318 287 314 250 240 17.5 30.0 51.5 593 69.1 66.7
<50 105 105 13.1 157 131 52 52 78 78 52 105 78 52 26 26 2.6 0.0 0.0 26 105 7.8 342 473
50-59 6.7 11.8 152 372 27.1 10.1 84 67 118 11.8 169 23.7 271 169 203 169 13.5 5.1 152 355 61.0 745 50.8
60—69 353 369 49.2 50.7 40.0 21.0 200 246 23.0 27.6 27.6 353 323 369 415 23.0 24.6 18.4 40.0 60.0 69.0 769 753
70-79 359 359 494 640 51.6 348 247 269 258 303 33.7 382 415 359 404 37.0 314 26.9 393 69.6 73.0 79.7 79.7
=80 39.7 424 479 67.1 65.7 465 328 39.7 328 328 410 424 369 356 356 30.1 35.6 24.6 39.7 56.1 589 63.0 65.7
Women

Total 219 248 358 460 333 13.6 152 231 298 31.7 359 37.7 362 342 327 287 23.8 20.0 31.7 49.7 619 75.8 70.9
<50 22 34 103 206 103 1.1 00 11 45 00 11 45 34 57 45 4.5 1.1 0.0 45 126 183 494 56.3
50—-59 112 94 232 362 232 34 6.8 120 155 155 163 18.1 198 129 13.7 103 6.9 6.9 156 356 556 739 704
60—69 139 208 310 43.6 291 113 132 183 29.7 322 379 398 31.6 322 303 196 15.8 14.5 253 55.0 664 854 75.9
70-79 33.7 348 465 534 424 162 220 343 412 447 50.0 500 47.0 459 447 424 343 26.1 44.7 645 802 86.0 81.9
=80 40.6 46.6 576 669 525 322 271 406 457 51.6 576 610 669 618 576 56.7 529 46.1 572 623 675 69.2 589

Values are percentage.

conducted with asymptomatic healthy subjects. Therefore, based
on our findings, obesity appears to have some influence on the
process of DD over the entire spine.

An association between DD in the lumbar region and low back
pain was previously demonstrated in a twin study*®. Moreover,
Okada et al.® reported an association between neck pain and DD in
the cervical region, whereas Arana et al.” found an association be-
tween neck pain and DD in the upper thoracic region. Of interest,
no agreement has been reached regarding the most appropriate
definition of neck pain and low back pain in population cohorts’.
Nonetheless, we observed a significant association between the
presence of DD in the lumbar region and low back pain.

The present study has several limitations. First, it was a cross-
sectional study, and therefore, the transition to DD cannot be
clarified. Second, the participants included in the present study
may not represent the general population, since they were
recruited from only two local areas. To confirm whether the par-
ticipants of the Wakayama Spine Study are representative of the
Japanese population, we compared the anthropometric measure-
ments and frequencies of smoking and alcohol consumption be-
tween the general Japanese population and the study participants.
No significant differences in BMI were observed (men: 24.0 and
23.7, P = 0.33; women: 23.5 and 23.1, P = 0.07). Further, the pro-
portion of current smokers and those who consumed alcohol (those
who regularly smoked or consumed alcohol more than once per
month) in men and the proportion of those who consumed alcohol
in women were significantly higher in the general Japanese

population than in the study population, whereas there was no
significant difference in the proportion of current smokers in
women (male smokers, 32.6% and 25.2%, P = 0.015; female
smokers, 4.9% and 4.1%, P = 0.50; men who consumed alcohol,
73.9% and 56.8%, P < 0.0001; women who consumed alcohol, 28.1%
and 18.8%, P < 0.0001). These results suggest the likelihood that in
this study, participants had healthier lifestyles than those of the
general Japanese population**. This “healthy” selection bias should
be taken into consideration when generalizing the results obtained
from the Wakayama Spine Study. Third, the Pfirrmann classification
introduced a comprehensive MRI grading system based on the
assessment of structure, the distinction of the nucleus and annulus
fibrosis, the signal intensity?, and the height of the intervertebral
discs?”. However, bony endplate alterations, osteophyte changes,
spinal stenosis, and disc protrusion are not covered by the Pfirr-
mann classification. Therefore, it is necessary to perform in-
vestigations that include these morphological changes. Finally, the
accurate measurement of obesity, such as abdominal obesity and/or
body composition, might reveal that obesity has a stronger asso-
ciation with DD; however, the present study examined only BMI as
a measurement of obesity. Thus, we plan to examine the girth of the
abdomen and body composition using electrical impedance in the
assessment of human body composition (the BIA method) in a
future study.

In conclusion, this study is the first one to investigate the
prevalence of DD over the entire spine in a large population of in-
dividuals to establish baseline data for a prospective longitudinal

Il\;iliLlljllteile‘é logistic regression of the association with presence of DD with age, BMI, and gender
Cervical Thoracic Lumbar
OR (95% CI) OR (95% CI) OR (95% CI)
Age group (years)
<50 1 1 1

50—59 (vs <50)

60—69 (vs <50)

70—79 (vs <50)

=80 (vs <50)

Men (vs women)

BMI (WHO-Asian category)
Underweight (vs normal)
Normal

Overweight (vs normal)
Obesity (vs normal)

2.45 (1.5-4.06)""
3.62 (2.26—5.91)***
7.87 (4.86—12.9)"**
16.9 (9.68—30.5)*"*
1.20 (0.89-1.64)

0.91 (0.49—1.70)
1

1.38 (1.00—1.90)
1.60 (1.04—2.51)*

447 (2.44-8.48)"*
9.95 (5.02—21.3)***

4.60 (2.53—8.76)*** ( )
( )
15.0 (7.26—34.5)"*
( )
( )

)
12.0 (6.77—-22.7)***
249 (13.8—47.6)***
) 2.94 (1.71-5.13)**
) 0.70 (0.45—1.09

47.0 (24.5-95.6)"**
0.88 (0.64—1.21

1.36 (0.71-2.67) 0.81 (0.38—1.84)
1 1

1.64 (1.17-2.29)* 1.14 (0.71-1.85)
3.12 (1.91-5.19)*** 2.56 (1.20—6.14)*

BMI category for Asian was based on World Health Organization (WHO) guidelines defining underweight (<18.5), normal (18.5—23), overweight (23—27.5), and obese

(>27.5). OR = odds ratio, CI = confidential interval.
*P < 0.05, **P < 0.001, ***P < 0.0001.
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study. The prevalence of intervertebral spaces with DD was the
highest at C5/6, T6/7, and L4/5 in the cervical, thoracic, and lumbar
regions, respectively. DD in the cervical, thoracic, and lumbar re-
gions was significantly associated with age and obesity. A signifi-
cant positive association was observed between the presence of DD
in the lumbar region and low back pain.

Author contributions

All authors worked collectively to develop the protocols and
method described in this paper. MT, NY, SM, HO, YI, KN, NT, and TA
were principal investigators responsible for the fieldwork in the
Wakayama Spine study. MT and SM performed the statistical
analysis. All authors contributed to the analysis and interpretation
of results. MT wrote the report. All authors read and approved the
final manuscript.

Role of the funding source
The sponsors had no role in study design, data collection, data
analysis, data interpretation, or in writing of the report.

Conflict of interest
The authors declare no conflicts of interest.

Acknowledgments

This study was supported by a Grant-in-Aid for Scientific
Research (B20390182, B23390357, C20591737, C20591774), and for
Exploratory Research (19659305) from the Japanese Ministry of
Education, Culture, Sports, Science and Technology, H17-Men-eki-
009, H18-Choujyu-037, and H20-Choujyu-009 from the Ministry of
Health, Labour and Welfare, Research Aid from the Japanese Or-
thopaedic Association, a Grant from the Japanese Orthopaedics and
Traumatology Foundation, Inc. (No. 166), and a Grant-in-Aid for
Scientific Research, Scientific Research (C22591639) from the Jap-
anese Society for the Promotion of Science.

The authors wish to thank Mrs Tomoko Takijiri and other
members of the Public Office in Hidakagawa Town, and
Mrs Tamako Tsutsumi, Mrs Kanami Maeda, and other members of
the Public Office in Taiji Town for their assistance in the location
and scheduling of participants for examinations.

References

1. Boos N, Weissbach S, Rohrbach H, Weiler C, Spratt KF,
Nerlich AG. Classification of age-related changes in lumbar
intervertebral discs: 2002 Volvo Award in basic science. Spine
2002;27:2631—44.

2. Kirkaldy-Willis WH, Farfan HF. Instability of the lumbar spine.
Clin Orthopedics Relat Res 1982;165:110—23.

3. Ahn TJ, Lee SH, Choi G, Ahn Y, Liu WC, Kim HJ, et al. Effect of
intervertebral disk degeneration on spinal stenosis during
magnetic resonance imaging with axial loading. Neurol Med
Chir 2009;49:242—7.

4, Sambrook PN, MacGregor AJ, Spector TD. Genetic influences on
cervical and lumbar disc degeneration: a magnetic resonance
imaging study in twins. Arthritis Rheum 1999;42:366—72.

5. Kjaer P, Laboeuf-Yde C, Korsholm L, Sorensen ]S, Bendix T.
Magnetic resonance imaging and low back pain in adults: a
diagnostic imaging study of 40-year-old men and women.
Spine 2005;30:1173—80.

6. Okada E, Matsumoto M, Ichihara D, Chiba K, Toyama Y,
Fujiwara H, et al. Aging of the cervical spine in healthy vol-
unteers: a 10-year longitudinal magnetic resonance imaging
study. Spine 2009;34:706—12.

7. Arana E, Marti-Bonmati L, Molld E, Costa S. Upper thoracic-
spine disc degeneration in patients with cervical pain. Skel-
etal Radiol 2004;33:29—33.

8. Hassett G, Hart D, Manek N, Doyle DV, Spector TD. Risk factors
for progression of lumbar spine disc degeneration: the
Chingford Study. Arthritis Rheum 2003;48:3112—7.

9. Videman T, Battié MC. The influence of occupation on lumbar
degeneration. Spine 1999;11:1164—8.

10. Battié MC, Videman T, Gibbons L, Manninen H, Gill K, Pope M,
et al. Occupational driving and lumbar disc degeneration: a
case control study. Lancet 2002;360:1369—74.

11. Videman T, Nurminen M, Troup JD. 1990 Volvo Award in
clinical sciences. Lumbar spinal pathology in cadaveric mate-
rial in relation to history of back pain, occupation, and physical
loading. Spine 1990;15:728—40.

12. Adams MA, Roughley P]. What is intervertebral disc degener-
ation, and what causes it? Spine 2006;31:2151—-61.

13. Matsumoto M, Fujiwara Y, Suzuki N, Nishi Y, Nakayama M,
Yabe Y, et al. MRI of cervical intervertebral discs in asymp-
tomatic subjects. ] Bone Joint Surg Br Vol 1998;80:19—24.

14. Cheung KM, Karppinen ], Chan D, Ho DW, Song YQ, Sham P,
et al. Prevalence and pattern of lumbar magnetic resonance
imaging changes in a population study of one thousand forty-
three individuals. Spine 2009;34:934—40.

15. Aizawa T, Sato T, Tanaka Y, Ozawa Y, Hoshikawa T, Ishii Y, et al.
Thoracic myelopathy in Japan: epidemiological retrospective
study in Miyagi Prefecture during 15 years. Tohoku J Exp Med
2006;210:199—-208.

16. Girard C], Schweitzer ME, Morrison WB, Parellade JA, Carrino JA.
Thoracic spine disc-related abnormalities: longitudinal MR
imaging assessment. Skeletal Radiol 2004;33:216—22.

17. Mclnerney ], Ball PA. The pathophysiology of thoracic disc
disease. Neurosurg Focus 2000;9:e1.

18. Yoshimura N, Muraki S, Oka H, Kawaguchi H, Nakamura K,
Akune T. Cohort profile: Research on Osteoarthritis/Osteopo-
rosis Against Disability (ROAD) study. Int ] Epidemiol 2010;39:
988—-95.

19. Yoshimura N, Muraki S, Oka H, Mabuchi A, En-yo Y, Yoshida M,
et al. Prevalence of knee osteoarthritis, lumbar spondylosis,
and osteoporosis in Japanese men and women: the research
on osteoarthritis/osteoporosis against disability study. ] Bone
Miner Metab 2009;27:620-8.

20. Ishimoto Y, Yoshimura N, Muraki S, Yamada H, Nagata K,
Hashizume H, et al. Prevalence of symptomatic lumbar spinal
stenosis and its association with physical performance in a
population-based cohort in Japan: the Wakayama Spine Study.
Osteoarthritis Cartilage 2012;20:1103-8.

21. Nagata K, Yoshimura N, Muraki S, Hashizume H, Ishimoto Y,
Yamada H, et al. Prevalence of cervical cord compression and
its association with physical performance in a population-
based cohort in Japan: the Wakayama Spine Study. Spine
2012;37:1892-8.

22. Choo V. WHO reassesses appropriate body-mass index for
Asian populations. Lancet 2002;360:235.

23. Muraki S, Oka H, Akune T, Mabuchi A, En-yo Y, Yoshida M,
et al. Prevalence of radiographic lumbar spondylosis and its
association with low back pain in elderly subjects of
population-based cohorts: the ROAD study. Ann Rheum Dis
2009;68:1401—6.

24, Muraki S, Akune T, Oka H, En-yo Y, Yoshida M, Saika A, et al.
Impact of knee and low back pain on health-related quality of
life in Japanese women: the Research on Osteoarthritis Against
Disability (ROAD). Mod Rheumatol 2010;20:444—51.

25. Muraki S, Akune T, Oka H, En-yo Y, Yoshida M, Saika A, et al.
Health-related quality of life in subjects with low back pain


http://refhub.elsevier.com/S1063-4584(13)01002-9/sref1
http://refhub.elsevier.com/S1063-4584(13)01002-9/sref1
http://refhub.elsevier.com/S1063-4584(13)01002-9/sref1
http://refhub.elsevier.com/S1063-4584(13)01002-9/sref1
http://refhub.elsevier.com/S1063-4584(13)01002-9/sref1
http://refhub.elsevier.com/S1063-4584(13)01002-9/sref2
http://refhub.elsevier.com/S1063-4584(13)01002-9/sref2
http://refhub.elsevier.com/S1063-4584(13)01002-9/sref2
http://refhub.elsevier.com/S1063-4584(13)01002-9/sref3
http://refhub.elsevier.com/S1063-4584(13)01002-9/sref3
http://refhub.elsevier.com/S1063-4584(13)01002-9/sref3
http://refhub.elsevier.com/S1063-4584(13)01002-9/sref3
http://refhub.elsevier.com/S1063-4584(13)01002-9/sref3
http://refhub.elsevier.com/S1063-4584(13)01002-9/sref4
http://refhub.elsevier.com/S1063-4584(13)01002-9/sref4
http://refhub.elsevier.com/S1063-4584(13)01002-9/sref4
http://refhub.elsevier.com/S1063-4584(13)01002-9/sref4
http://refhub.elsevier.com/S1063-4584(13)01002-9/sref5
http://refhub.elsevier.com/S1063-4584(13)01002-9/sref5
http://refhub.elsevier.com/S1063-4584(13)01002-9/sref5
http://refhub.elsevier.com/S1063-4584(13)01002-9/sref5
http://refhub.elsevier.com/S1063-4584(13)01002-9/sref5
http://refhub.elsevier.com/S1063-4584(13)01002-9/sref6
http://refhub.elsevier.com/S1063-4584(13)01002-9/sref6
http://refhub.elsevier.com/S1063-4584(13)01002-9/sref6
http://refhub.elsevier.com/S1063-4584(13)01002-9/sref6
http://refhub.elsevier.com/S1063-4584(13)01002-9/sref6
http://refhub.elsevier.com/S1063-4584(13)01002-9/sref7
http://refhub.elsevier.com/S1063-4584(13)01002-9/sref7
http://refhub.elsevier.com/S1063-4584(13)01002-9/sref7
http://refhub.elsevier.com/S1063-4584(13)01002-9/sref7
http://refhub.elsevier.com/S1063-4584(13)01002-9/sref8
http://refhub.elsevier.com/S1063-4584(13)01002-9/sref8
http://refhub.elsevier.com/S1063-4584(13)01002-9/sref8
http://refhub.elsevier.com/S1063-4584(13)01002-9/sref8
http://refhub.elsevier.com/S1063-4584(13)01002-9/sref9
http://refhub.elsevier.com/S1063-4584(13)01002-9/sref9
http://refhub.elsevier.com/S1063-4584(13)01002-9/sref9
http://refhub.elsevier.com/S1063-4584(13)01002-9/sref10
http://refhub.elsevier.com/S1063-4584(13)01002-9/sref10
http://refhub.elsevier.com/S1063-4584(13)01002-9/sref10
http://refhub.elsevier.com/S1063-4584(13)01002-9/sref10
http://refhub.elsevier.com/S1063-4584(13)01002-9/sref11
http://refhub.elsevier.com/S1063-4584(13)01002-9/sref11
http://refhub.elsevier.com/S1063-4584(13)01002-9/sref11
http://refhub.elsevier.com/S1063-4584(13)01002-9/sref11
http://refhub.elsevier.com/S1063-4584(13)01002-9/sref11
http://refhub.elsevier.com/S1063-4584(13)01002-9/sref12
http://refhub.elsevier.com/S1063-4584(13)01002-9/sref12
http://refhub.elsevier.com/S1063-4584(13)01002-9/sref12
http://refhub.elsevier.com/S1063-4584(13)01002-9/sref13
http://refhub.elsevier.com/S1063-4584(13)01002-9/sref13
http://refhub.elsevier.com/S1063-4584(13)01002-9/sref13
http://refhub.elsevier.com/S1063-4584(13)01002-9/sref13
http://refhub.elsevier.com/S1063-4584(13)01002-9/sref14
http://refhub.elsevier.com/S1063-4584(13)01002-9/sref14
http://refhub.elsevier.com/S1063-4584(13)01002-9/sref14
http://refhub.elsevier.com/S1063-4584(13)01002-9/sref14
http://refhub.elsevier.com/S1063-4584(13)01002-9/sref14
http://refhub.elsevier.com/S1063-4584(13)01002-9/sref15
http://refhub.elsevier.com/S1063-4584(13)01002-9/sref15
http://refhub.elsevier.com/S1063-4584(13)01002-9/sref15
http://refhub.elsevier.com/S1063-4584(13)01002-9/sref15
http://refhub.elsevier.com/S1063-4584(13)01002-9/sref15
http://refhub.elsevier.com/S1063-4584(13)01002-9/sref16
http://refhub.elsevier.com/S1063-4584(13)01002-9/sref16
http://refhub.elsevier.com/S1063-4584(13)01002-9/sref16
http://refhub.elsevier.com/S1063-4584(13)01002-9/sref16
http://refhub.elsevier.com/S1063-4584(13)01002-9/sref17
http://refhub.elsevier.com/S1063-4584(13)01002-9/sref17
http://refhub.elsevier.com/S1063-4584(13)01002-9/sref18
http://refhub.elsevier.com/S1063-4584(13)01002-9/sref18
http://refhub.elsevier.com/S1063-4584(13)01002-9/sref18
http://refhub.elsevier.com/S1063-4584(13)01002-9/sref18
http://refhub.elsevier.com/S1063-4584(13)01002-9/sref18
http://refhub.elsevier.com/S1063-4584(13)01002-9/sref19
http://refhub.elsevier.com/S1063-4584(13)01002-9/sref19
http://refhub.elsevier.com/S1063-4584(13)01002-9/sref19
http://refhub.elsevier.com/S1063-4584(13)01002-9/sref19
http://refhub.elsevier.com/S1063-4584(13)01002-9/sref19
http://refhub.elsevier.com/S1063-4584(13)01002-9/sref19
http://refhub.elsevier.com/S1063-4584(13)01002-9/sref20
http://refhub.elsevier.com/S1063-4584(13)01002-9/sref20
http://refhub.elsevier.com/S1063-4584(13)01002-9/sref20
http://refhub.elsevier.com/S1063-4584(13)01002-9/sref20
http://refhub.elsevier.com/S1063-4584(13)01002-9/sref20
http://refhub.elsevier.com/S1063-4584(13)01002-9/sref20
http://refhub.elsevier.com/S1063-4584(13)01002-9/sref21
http://refhub.elsevier.com/S1063-4584(13)01002-9/sref21
http://refhub.elsevier.com/S1063-4584(13)01002-9/sref21
http://refhub.elsevier.com/S1063-4584(13)01002-9/sref21
http://refhub.elsevier.com/S1063-4584(13)01002-9/sref21
http://refhub.elsevier.com/S1063-4584(13)01002-9/sref21
http://refhub.elsevier.com/S1063-4584(13)01002-9/sref22
http://refhub.elsevier.com/S1063-4584(13)01002-9/sref22
http://refhub.elsevier.com/S1063-4584(13)01002-9/sref23
http://refhub.elsevier.com/S1063-4584(13)01002-9/sref23
http://refhub.elsevier.com/S1063-4584(13)01002-9/sref23
http://refhub.elsevier.com/S1063-4584(13)01002-9/sref23
http://refhub.elsevier.com/S1063-4584(13)01002-9/sref23
http://refhub.elsevier.com/S1063-4584(13)01002-9/sref23
http://refhub.elsevier.com/S1063-4584(13)01002-9/sref24
http://refhub.elsevier.com/S1063-4584(13)01002-9/sref24
http://refhub.elsevier.com/S1063-4584(13)01002-9/sref24
http://refhub.elsevier.com/S1063-4584(13)01002-9/sref24
http://refhub.elsevier.com/S1063-4584(13)01002-9/sref24
http://refhub.elsevier.com/S1063-4584(13)01002-9/sref25
http://refhub.elsevier.com/S1063-4584(13)01002-9/sref25

110

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

M. Teraguchi et al. / Osteoarthritis and Cartilage 22 (2014) 104—110

and knee pain in a population-based cohort study of Japanese
men: the ROAD study. Spine 2011;36:1312-9.

Muraki S, Akune T, Oka H, Ishimoto Y, Nagata K, Yoshida M,
et al. Incidence and risk factors for radiographic lumbar
spondylosis and lower back pain in Japanese men and women:
the ROAD study. Osteoarthritis Cartilage 2012;20:712—8.
Pfirrmann CW, Metzdorf A, Zanetti M, Hodler ], Boos N. Mag-
netic resonance classification of lumbar intervertebral disc
degeneration. Spine 2001;26:1873—8.

Benneker LM, Heini PF, Anderson SE, Alini M, Ito K. Correlation
of radiographic and MRI parameters to morphological and
biochemical assessment of intervertebral disc degeneration.
Eur Spine ] 2005;14:27—-35.

Battié MC, Videman T, Parent E. Lumbar disc degeneration.
Epidemiology and genetic influences. Spine 2004;29:2679—90.
Elfering A, Semmer N, Birkhofer D, Zanetti M, Hodler ], Boos N. Risk
factors for lumbar disc degeneration: a 5-year prospective MRI study
in asymptomatic individuals. Spine 2001;27:125—34.

Luoma K, Riihimdki H, Luukkonen R, Raininko R, Viikari-
Juntura E, Lamminen A. Low back pain in relation to lumbar
disc degeneration. Spine 2000;25:487—92.

Boden SD, Davis DO, Dina TS, Patronas NJ, Wiesel SW.
Abnormal magnetic-resonance scans of the lumbar spine in
asymptomatic subjects: a prospective investigation. ] Bone
Joint Surg Am Vol 1990;72:403—8.

Hanagai M, Kaneoke K, Kuno S, Hinotsu S, Sakane M,
Mamizuka N, et al. Factors associated with lumbar interver-
tebral disc degeneration in the elderly. Spine ] 2008;8:732—40.
Kanayama M, Togawa D, Takahashi C, Terai T, Hashimoto T.
Cross-sectional magnetic resonance imaging study of lumbar
disc degeneration in 200 healthy individuals. J Neurosurg
Spine 2009;11:501-7.

Matsumoto M, Okada E, Ichihara D, Watanabe K, Chiba K,
Toyama Y, et al. Age-related changes of thoracic and cervical

36.

37.

38.

39.

40.

41.

42.

43.

44,

intervertebral discs in asymptomatic subjects. Spine 2010;35:
1359—-64.

Lee CS, Chung SS, Kang KC, Park SJ, Shin SK. Normal patterns of
sagittal alignment of the spine in young adults radiological
analysis in a Korean population. Spine 2011;36:1648—54.
Keller T, Colloca CJ, Harrison DE, Harrison DD, Janik T]. Influ-
ence of spine morphology on intervertebral disc loads and
stresses in asymptomatic adults: implications for the ideal
spine. Spine J 2005;5:297—309.

An HS, Wise J], Xu R. Anatomy of the cervicothoracic junction:
a study of cadaveric dissection, cryomicrotomy and magnetic
resonance imaging. | Spinal Disord 1999;12:519—-25.
Samartzis D, Karppinen ], Chan D, Luk KD, Cheung KM. The
association of lumbar intervertebral disc degeneration on
magnetic resonance imaging with body mass index in over-
weight and obese adults. Arthritis Rheum 2012;64:1488—96.
Miller JA, Schmatz C, Schultz AB. Lumbar disc degeneration:
correlation with age, sex, and spine level in 600 autopsy
specimens. Spine 1988;13:173—8.

Wang YX, Griffith JF, Ma HT, Kwok AW, Leung JC, Yeung DK,
et al. Relationship between gender, bone mineral density, and
disc degeneration in the lumbar spine: a study in elderly
subjects using an eight-level MRI-based disc degeneration
grading system. Osteoporos Int 2011;22:91-6.

Battié MC, Videman T, Gill K, Moneta GB, Nyman R, Kaprio ],
et al. 1991 Volvo Award in clinical sciences. Smoking and
lumbar intervertebral disc degeneration: an MRI study of
identical twins. Spine 1991;16:1015—21.

Battié MC, Videman T, Kaprio ], Gibbons LE, Gill K,
Manninen H, et al. The Twin Spine Study: contributions to a
changing view of disc degeneration. Spine ] 2009;9:47—59.
Ministry of Health, Labour and Welfare. The Outline of the
Results of National Livelihood Survey. Available at: http://
www.mhlw.go.jp/toukei/list/20-19-1.html; 2007.


http://refhub.elsevier.com/S1063-4584(13)01002-9/sref25
http://refhub.elsevier.com/S1063-4584(13)01002-9/sref25
http://refhub.elsevier.com/S1063-4584(13)01002-9/sref25
http://refhub.elsevier.com/S1063-4584(13)01002-9/sref26
http://refhub.elsevier.com/S1063-4584(13)01002-9/sref26
http://refhub.elsevier.com/S1063-4584(13)01002-9/sref26
http://refhub.elsevier.com/S1063-4584(13)01002-9/sref26
http://refhub.elsevier.com/S1063-4584(13)01002-9/sref26
http://refhub.elsevier.com/S1063-4584(13)01002-9/sref27
http://refhub.elsevier.com/S1063-4584(13)01002-9/sref27
http://refhub.elsevier.com/S1063-4584(13)01002-9/sref27
http://refhub.elsevier.com/S1063-4584(13)01002-9/sref27
http://refhub.elsevier.com/S1063-4584(13)01002-9/sref28
http://refhub.elsevier.com/S1063-4584(13)01002-9/sref28
http://refhub.elsevier.com/S1063-4584(13)01002-9/sref28
http://refhub.elsevier.com/S1063-4584(13)01002-9/sref28
http://refhub.elsevier.com/S1063-4584(13)01002-9/sref28
http://refhub.elsevier.com/S1063-4584(13)01002-9/sref29
http://refhub.elsevier.com/S1063-4584(13)01002-9/sref29
http://refhub.elsevier.com/S1063-4584(13)01002-9/sref29
http://refhub.elsevier.com/S1063-4584(13)01002-9/sref30
http://refhub.elsevier.com/S1063-4584(13)01002-9/sref30
http://refhub.elsevier.com/S1063-4584(13)01002-9/sref30
http://refhub.elsevier.com/S1063-4584(13)01002-9/sref30
http://refhub.elsevier.com/S1063-4584(13)01002-9/sref31
http://refhub.elsevier.com/S1063-4584(13)01002-9/sref31
http://refhub.elsevier.com/S1063-4584(13)01002-9/sref31
http://refhub.elsevier.com/S1063-4584(13)01002-9/sref31
http://refhub.elsevier.com/S1063-4584(13)01002-9/sref32
http://refhub.elsevier.com/S1063-4584(13)01002-9/sref32
http://refhub.elsevier.com/S1063-4584(13)01002-9/sref32
http://refhub.elsevier.com/S1063-4584(13)01002-9/sref32
http://refhub.elsevier.com/S1063-4584(13)01002-9/sref32
http://refhub.elsevier.com/S1063-4584(13)01002-9/sref33
http://refhub.elsevier.com/S1063-4584(13)01002-9/sref33
http://refhub.elsevier.com/S1063-4584(13)01002-9/sref33
http://refhub.elsevier.com/S1063-4584(13)01002-9/sref33
http://refhub.elsevier.com/S1063-4584(13)01002-9/sref34
http://refhub.elsevier.com/S1063-4584(13)01002-9/sref34
http://refhub.elsevier.com/S1063-4584(13)01002-9/sref34
http://refhub.elsevier.com/S1063-4584(13)01002-9/sref34
http://refhub.elsevier.com/S1063-4584(13)01002-9/sref34
http://refhub.elsevier.com/S1063-4584(13)01002-9/sref35
http://refhub.elsevier.com/S1063-4584(13)01002-9/sref35
http://refhub.elsevier.com/S1063-4584(13)01002-9/sref35
http://refhub.elsevier.com/S1063-4584(13)01002-9/sref35
http://refhub.elsevier.com/S1063-4584(13)01002-9/sref35
http://refhub.elsevier.com/S1063-4584(13)01002-9/sref36
http://refhub.elsevier.com/S1063-4584(13)01002-9/sref36
http://refhub.elsevier.com/S1063-4584(13)01002-9/sref36
http://refhub.elsevier.com/S1063-4584(13)01002-9/sref36
http://refhub.elsevier.com/S1063-4584(13)01002-9/sref37
http://refhub.elsevier.com/S1063-4584(13)01002-9/sref37
http://refhub.elsevier.com/S1063-4584(13)01002-9/sref37
http://refhub.elsevier.com/S1063-4584(13)01002-9/sref37
http://refhub.elsevier.com/S1063-4584(13)01002-9/sref37
http://refhub.elsevier.com/S1063-4584(13)01002-9/sref38
http://refhub.elsevier.com/S1063-4584(13)01002-9/sref38
http://refhub.elsevier.com/S1063-4584(13)01002-9/sref38
http://refhub.elsevier.com/S1063-4584(13)01002-9/sref38
http://refhub.elsevier.com/S1063-4584(13)01002-9/sref39
http://refhub.elsevier.com/S1063-4584(13)01002-9/sref39
http://refhub.elsevier.com/S1063-4584(13)01002-9/sref39
http://refhub.elsevier.com/S1063-4584(13)01002-9/sref39
http://refhub.elsevier.com/S1063-4584(13)01002-9/sref39
http://refhub.elsevier.com/S1063-4584(13)01002-9/sref40
http://refhub.elsevier.com/S1063-4584(13)01002-9/sref40
http://refhub.elsevier.com/S1063-4584(13)01002-9/sref40
http://refhub.elsevier.com/S1063-4584(13)01002-9/sref40
http://refhub.elsevier.com/S1063-4584(13)01002-9/sref41
http://refhub.elsevier.com/S1063-4584(13)01002-9/sref41
http://refhub.elsevier.com/S1063-4584(13)01002-9/sref41
http://refhub.elsevier.com/S1063-4584(13)01002-9/sref41
http://refhub.elsevier.com/S1063-4584(13)01002-9/sref41
http://refhub.elsevier.com/S1063-4584(13)01002-9/sref41
http://refhub.elsevier.com/S1063-4584(13)01002-9/sref42
http://refhub.elsevier.com/S1063-4584(13)01002-9/sref42
http://refhub.elsevier.com/S1063-4584(13)01002-9/sref42
http://refhub.elsevier.com/S1063-4584(13)01002-9/sref42
http://refhub.elsevier.com/S1063-4584(13)01002-9/sref42
http://refhub.elsevier.com/S1063-4584(13)01002-9/sref43
http://refhub.elsevier.com/S1063-4584(13)01002-9/sref43
http://refhub.elsevier.com/S1063-4584(13)01002-9/sref43
http://refhub.elsevier.com/S1063-4584(13)01002-9/sref43
http://www.mhlw.go.jp/toukei/list/20-19-1.html
http://www.mhlw.go.jp/toukei/list/20-19-1.html

	Prevalence and distribution of intervertebral disc degeneration over the entire spine in a population-based cohort: the Wak ...
	Introduction
	Methods
	Participants
	MRI
	Statistical analysis

	Results
	Discussion
	Author contributions
	Role of the funding source
	Conflict of interest
	Acknowledgments
	References


