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Abstract The purpose of this study was to investigate the
relationship between intervertebral disk degeneration and
bone mass. Magnetic resonance imaging was performed to
evaluate lumbar disk degeneration according to Thompson’s
classification (grades 1 and 2, normal disk; grades 3, 4, and 5,
degenerated disk), and bone mineral density (BMD) in the
lumbar vertebrae, radius, and calcaneus was measured by
dual-energy X-ray absorptiometry for 90 women (22–74 years
old). The relationship between the grade of intervertebral
disk degeneration and the BMD (Z score) was analyzed in
pre- and postmenopausal women. In premenopausal women,
BMD was significantly higher at all measured sites in the
degenerated disk group judged at the L5–S1 level than in the
normal disk group (P � 0.05). In postmenopausal women,
BMD was significantly higher at the anteroposterior L2–L4,
lateral L3, and calcaneus in the degenerated disk group judged
at the L2–L3 level than in the normal disk group (P � 0.05).
BMD at the anteroposterior L2–L4 and calcaneus was
significantly higher in the degenerated disk group judged
at the L3–L4 level than in the normal disk group (P � 0.05).
In conclusion, the BMD of not only the lumbar vertebrae
but also the calcaneus and radius was mutually related to
lumbar intervertebral disk degeneration from an early stage of
degeneration.

Key words bone mineral density · dual-energy X-ray
absorptiometry · intervertebral disk degeneration · magnetic
resonance imaging

Introduction

Lumbar degenerative disk disease is a common age-
related condition in elderly people that frequently
causes low back pain or sciatica. In contrast to os-
teoporosis, this disease is reported to have high bone
mineral density (BMD) in the lumbar vertebrae and

other sites [1–6]. However, the relationship between the
BMD of the vertebrae and intervertebral disk degen-
eration has not been established. In many of the reports
that evaluated the correlation between BMD and inter-
vertebral disk degeneration, most patients were post-
menopausal women or elderly men, and degenerative
disk diseases were evaluated using radiographs [1,3–6].
However, to elucidate the relationship between inter-
vertebral disk degeneration and BMD, it is necessary to
include patients with early stages of this disease in the
study. Although it is difficult to detect early lumbar
intervertebral disk degeneration by radiographs, mag-
netic resonance imaging (MRI) is reported to be useful
in the evaluation of early changes in the degenerated
disk [7,8].

To complement the information lacking in previous
reports, we evaluated lumbar intervertebral disk degen-
eration using MRI in pre- and postmenopausal women.
The purpose of this study was to investigate the rela-
tionship between the grade of degeneration and BMD
in the lumbar vertebrae and appendicular bones.

Subjects and methods

The subjects were female patients who visited our de-
partment with a complaint of low back pain and/or leg
pain between 1998 and 2000, and nurse volunteers at our
hospital, a total of 90 subjects. The mean age of the
subjects was 46.4 years (22–74 years old). Of the sub-
jects, all 52 premenopausal subjects were nurse volun-
teers, and the mean age was 33.9 years (22–52 years old).
Forty-two (80.8%) of the 52 nurse volunteers had expe-
rienced low back pain within the previous year. All the
premenopausal volunteers had active daily lives without
restrictions. All 38 postmenopausal subjects were con-
secutive patients with low back pain or leg pain or both,
and the mean age was 63.4 years (49–74 years old). All
the postmenopausal patients visited our hospital on foot
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without any aids for walking, and had no history of being
bedridden during 1 week before visits. Patients with
spinal infectious disease, malignant bone tumor, and
metabolic bone disease and individuals who had pre-
viously taken drugs affecting bone metabolism such as
corticosteroid and therapeutic drugs for osteoporosis
were excluded. Furthermore, patients with spondyloly-
sis, lumbar spinal fracture, and spondylolisthesis at
Meyerding [9] level 2 or higher were excluded. After the
objective of this study was explained to the subjects and
informed consent was obtained, the subjects underwent
lumbar MRI and measurement of BMD.

Lumbar MRI

Using a 1.5-T superconducting imaging system
(Magnetome H15; Siemens, Erlangen, Germany), lum-
bar MRI was performed at a slice thickness of 5 mm.
Using mid-sagittal view T2-weighted images (TR
4500ms/TE 112 ms), degeneration of the L1–L2, L2–L3,
L3–L4, L4–L5, and L5–S1 lumbar intervertebral disks
was graded 1 to 5 according to Thompson’s classifica-
tion [8] by the first author (Y.N.) (Fig. 1). Two authors
(Y.N. and H.N.) independently evaluated 20 randomly
selected subjects. The concordance between two ob-
servers for disk degeneration grade was 0.547 (95%CI
� 0.359–0.735). The first author evaluated the same
subjects 1 week later, and the intraobserver error was
0.757 (95%CI � 0.562–0.952). Grades 1 and 2 were
defined as normal disk (N) and grades 3, 4, and 5 were
defined as degenerated disk (D). Scoring N and D as 0
and 1, respectively, the scores of L1–L2, L2–L3, L3–L4,
L4–L5, and L5–S1 intervertebral disks were summed
to calculate the disk degeneration score (DDS) (0–5
points).

Measurement of BMD

Using the dual-energy X-ray absorptiometry (DXA)
method, the BMD of the various sites was measured.

The BMD of the anteroposterior L2–L4 (AP L2–4),
lateral L3 (Lat L3), and total body (TB) was measured
using QDR-4500A (Hologic, Waltham, MA, USA).
The BMD at the distal one-third of the radius (Radius)
was measured using a DCS-600 (Aloka, Tokyo, Japan),
and the BMD of the right calcaneus (Heel) was mea-
sured using heel scan DX 2000 (Kyoto-Daiichikagaku,
Kyoto, Japan). The first author performed all BMD
measurements. The coefficient of variation (CV) of the
BMD was calculated from three measurements in five
healthy adults, and the value was 0.6% for AP L2–4,
2.4% for Lat L3, 1.0% for Radius, 1.7% for Heel, and
1.0% for TB.

Statistical analysis

Because the age of the subjects ranged widely, from 22
to 74 years, the subjects were divided into pre- and
postmenopausal groups. To eliminate the effects of age-
and sex-related factors on raw BMD data, the results of
each BMD measurement were compared with the Z
score in age- and sex-matched Japanese controls from
each of the these bone mineral measurement machines
at each measured site [10]. The BMD was compared
between the N and D groups at each lumbar interverte-
bral disk level using unpaired Student’s t test. Further-
more, the correlation between DDS and BMD was
analyzed using Spearman’s rank correlation test. For
statistical analysis, Stat View version 5.0J (Abacus Con-
cepts, Berkeley, CA, USA) was used, and P � 0.05 was
considered significant.

Results

Characteristics of the subjects

The baseline characteristics of the pre- and postmeno-
pausal subjects are shown in Table 1. There were no
significant differences in body weight or body mass in-

Fig. 1. Midsagittal view on T2-weighted images of disks
graded according to Thompson’s classification. Grade 1,
homogeneous, bright nucleus pulposus (NP) and homogenous
dark gray annulus fibrosis (AF); grade 2, horizontal dark

bands extended across the AF; grade 3, diminished signal
intensity of AF and NP indistinguishable from AF; grade 4,
further reduced signal intensity of NP and some bright and
dark signals; grade 5, diminished disk height
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dex (BMI) between the two groups. BMD was higher in
the premenopausal group than the postmenopausal
group. However, there were no significant differences in
the Z score of the BMD at the measurement site AP
L2–4, Lat L3, Radius, or Heel between the pre- and
postmenopausal groups.

Evaluation of lumbar intervertebral disk degeneration
by MRI

In the premenopausal group, grade 3 or higher lumbar
intervertebral disk degeneration was observed in 3.8%
(2/52) in L1–L2, 1.9% (1/52) in L2–L3, 7.7% (4/52) in
L3–L4, 36.5% (19/52) in L4–L5, and 40.4% (21/52) in

L5–S1. In the postmenopausal group, grade 3 or higher
lumbar intervertebral disk degeneration was observed
in 21.0% (8/38) in L1–L2, 39.5% (15/38) in L2–L3,
63.2% (24/38) in L3–L4, 84.2% (32/38) in L4–L5, and
71.1% (27/38) in L5–S1 (Table 2).

DDS was significantly higher in the postmenopausal
group than in the premenopausal group (Table 1). In
both pre- and postmenopausal groups, DDS was corre-
lated with age. In the premenopausal group, DDS was
correlated with BMI (Table 3).

Table 1. Baseline characteristics of the study population (n � 90)

Premenopausal Postmenopausal
women women P

Age (years) 33.9 (8.9) 63.4 (7.6) �0.0001
Number (n) 52 38
Weight (kg) 54.0 (8.1) 51.2 (5.5) NS
BMI (kg/m2) 21.7 (3.2) 22.1 (3.2) NS
DD at L1–L2 (%) 3.8 21.0
DD at L2–L3 (%) 1.9 39.5
DD at L3–L4 (%) 7.7 63.2
DD at L4–L5 (%) 36.5 84.2
DD at L5–S1 (%) 40.4 71.1
DDS (0–5) 0.942 (1.074) 3.316 (1.757) �0.0001
AP L2–4 BMD (g/cm2) 1.04 (0.14) 0.83 (0.13) �0.0001

Z score 0.31 (1.21) 0.22 (1.21) NS
Lat L3 BMD (g/cm2) 0.79 (0.097) 0.62 (0.14) �0.0001

Z score 0.99 (1.64) 0.76 (1.45) NS
Radius BMD (g/cm2) 0.67 (0.049) 0.53 (0.079) �0.0001

Z score 0.023 (0.86) 0.39 (1.20) NS
Heel BMD (g/cm2) 0.87 (0.097) 0.75 (0.094) �0.0001

Z score 0.42 (1.17) 0.49 (1.08) NS
TB BMD (g/cm2) 1.07 (0.08) 0.90 (0.090) �0.0001

Z score �0.046 (1.05) �1.01 (0.94) �0.0001

Values are means and values in parentheses are standard deviations; unpaired Student’s t test; NS,
not significant
Disk degeneration at L1–L2, L2–L3, L3–L4, L4–L5, and L5–S1 represents the incidence of
degenerated disk
BMI, body mass index; DD, intervertebral disk degeneration; DDS, disk degeneration score; AP
L2–4, anteroposterior L2–L4; Lat L3, lateral L3; Radius, distal one-third of the radius; Heel, right
calcaneus; TB, total body

Table 2. Disk degeneration grade at each lumbar disk level in pre- and postmenopausal women

Premenopausal women (n � 52) Postmenopausal women (n � 38)

Gradea L1–L2 L2–L3 L3–L4 L4–L5 L5–S1 L1–L2 L2–L3 L3–L4 L4–L5 L5–S1

Grade 1 32 32 30 27 25 1 2 0 0 0
Grade 2 18 19 18 6 6 29 21 14 6 11
Grade 3 2 1 4 14 18 6 10 18 15 9
Grade 4 0 0 0 4 3 2 5 4 8 9
Grade 5 0 0 0 1 0 0 0 2 9 9

Values are numbers of the graded disk
a Disk degeneration grades were defined according to Thompson’s classification [8]
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Relationship between lumbar intervertebral disk
degeneration and BMD in premenopausal women

BMD tended to be higher at all measurement sites in
the D group judged at the L4–L5 level, compared to the
N group, but the differences were not significant (Fig.
2A). There was no significant difference in BMI be-
tween the D and N groups.

BMD was significantly higher at all measured sites in
the D group judged at the L5–S1 level, compared to the
N group (Fig. 2B). The mean BMI were 23.5 and 20.5
(kg/m2) in the D and N groups, respectively. The BMI
was significantly higher in the D group than the N group
(P � 0.001).

In the premenopausal group, DDS was positively
correlated with the BMD at Radius, Heel, and TB
(see Table 3).

Relationship between lumbar intervertebral disk
degeneration and BMD in postmenopausal women

BMD was significantly higher at AP L2–4, Lat L3, and
Heel in the D group judged at the L2–L3 level, com-

pared to the N group (Fig. 3A). The BMD at AP L2–4
and Heel was significantly higher in the D group judged
at the L3–L4 level, compared to the N group (Fig. 3B).
There were no significant differences in the BMD be-
tween the D and N groups judged at the L1–L2, L4–L5,
or L5–S1 level. There was no significant difference in
BMI between the D and N groups judged at any inter-
vertebral disk level.

In the postmenopausal group, DDS was positively
correlated with the BMD at Lat L3 and Radius (Table
3).

Discussion

In most previous studies regarding the relationship be-
tween degenerative disk disease and BMD, the BMD
of the lumbar vertebrae and other sites was higher in
individuals with degenerative disk disease than the
age-matched healthy individuals [1–6]. In these studies,
most subjects were postmenopausal women or elderly
men [1,3–6]. However, to discuss the relationship be-

Table 3. Correlations between disk degeneration score and bone mineral density

Disk degeneration score

Premenopausal women Postmenopausal women

Z score of AP L2–4 BMD 0.257 0.237
Z score of Lat L3 BMD 0.119 0.353*
Z score of Radius BMD 0.295* 0.356*
Z score of Heel BMD 0.362** 0.272
Z score of TB BMD 0.399** 0.093
Age 0.709** 0.376*
Body mass index 0.372** �0.071

Values are Spearman’s rank correlations
* P � 0.05, ** P � 0.01
AP L2–4, anteroposterior L2–L4; Lat L3, lateral L3; Radius, distal one-third of the radius; Heel,
right calcaneus; TB, total body; BMD, bone mineral density

Fig. 2. A Relationship between L4–L5
intervertebral disk degeneration and
bone mineral density (BMD) in 52
premenopausal women. B relationship
between L5–S1 intervertebral disk de-
generation and BMD in 52 premeno-
pausal women. Each bar represents
the mean; vertical lines represent stan-
dard error. Significance of differences
was determined by unpaired Student’s
t test (*P � 0.05, **P � 0.01). Grades
1 and 2 were defined as normal disk
and grades 3, 4, and 5 were as degener-
ated disk acording to Thompson’s
classification. AP L2–4, anteroposte-
rior L2–L4; Lat L3, lateral L3; Radius,
distal one-third of the radius; Heel,
right calcaneus; TB, total body

A B
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tween intervertebral disk degeneration and BMD, it is
necessary to include young people in the studies be-
cause lumbar intervertebral disk degeneration develops
while patients are in their twenties [7]. In this study,
in addition to postmenopausal women, premenopausal
women aged 22–52 years were included. The premeno-
pausal subjects were nurse volunteers at our hospital.
The postmenopausal women were patients with low
back pain or leg pain. The premenopausal women
were 52 volunteers of which 42 had experienced low
back pain within the previous year. In postmenopausal
women, the Z score of total body BMD was lower,
suggesting that the incidence of osteoporosis in post-
menopausal women was higher than that in premeno-
pausal women, perhaps because there was a difference
in activity between the two groups. Several studies have
reported that physical activity influences BMD [11,12].
Because the subjects were not homogeneous, a bias in
subject selection might exist, which could be a limitation
of the current study.

Radiographs have been used in many studies for
the evaluation of intervertebral disk degeneration, but
early intervertebral disk degeneration cannot be accu-
rately detected by radiographs; thus, in this study, to
detect early degeneration of the intervertebral disks,
we used MRI, and the changes graded 3 or higher by
Thompson’s classification were judged as degeneration.
It has been reported that in this classification the con-
centration of chondroitin sulfate in the intervertebral
disk is markedly different between grades 2 and 3
and that grade 3 indicates early intervertebral disk
degeneration [8].

In the premenopausal subjects, BMD was signifi-
cantly higher at all sites in the D group judged at the
L5–S1 level, compared to the N group, indicating that
when lumbar intervertebral disk degeneration is severe,

BMD is high not only in the lumbar vertebrae but also
in other sites. Similarly, DDS was positively correlated
with BMD at Radius, Heel, and TB. BMI was signifi-
cantly higher in the D group than the N group, and DDS
was positively correlated with BMI. Therefore, it is pos-
sible that obesity is involved in both intervertebral disk
degeneration and BMD, as reported by Vogt et al. [13].
Higher BMDs and damaged disks may reflect different
degrees of physical activity in the premenopausal sub-
jects. However, the grades of degeneration and BMD
were related to each other from the early stage of in-
tervertebral disk degeneration in the current study.
Furthermore, a significant correlation was observed
between the BMD of the radius, which is a nonweight-
bearing bone, and intervertebral disk degeneration,
suggesting that a predisposing factor of systemic high
BMD is involved in intervertebral disk degeneration.
Thus, we consider that the higher spine BMD is not
secondary to disk degeneration and that higher spine
BMD may result from genetic tendency.

It has recently been clarified that a genetic factor
is closely involved in intervertebral disk degeneration
[14,15]. Stewart et al. reviewed studies regarding the
relationship between osteoarthritis (OA) and BMD
that were published between 1998 and 2000. They re-
ported that in patients with spine and hip OA, BMD in
the two sites was high, and that BMD for the knee was
high in patients with knee OA. It is suggested that the
vitamin D receptor (VDR) gene and insulin growth
factor 1 gene are involved in OA and high BMD values
[16]. Uitterlinden et al. has reported that a specific type
of VDR genotype readily causes knee OA [17]. How-
ever, Huang et al. reported that there was no relation-
ship between the VDR genotype and hip/hand/knee
OA in Japanese [18]. A consensus has not been
reached.

Fig. 3. A Relationship between L2–L3
intervertebral disk degeneration and
bone mineral density (BMD) in 38
postmenopausal women. B Relation-
ship between L3–L4 intervertebral
disk degeneration and BMD in 38
postmenopausal women. Each bar rep-
resents the mean; vertical lines repre-
sent standard error. Significance of
difference was determined by unpaired
Student’s t test (*P � 0.05, **P � 0.01)
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In the postmenopausal group, BMD was significantly
higher at the AP L2–4, Lat L3, and Heel in the D group
judged at the L2–L3 level and at AP L2–4 and Heel in
the D group judged at the L3–L4 level than in the N
group. DDS was positively correlated with the BMD
of Lat L3 and Radius. Harada et al. evaluated lumbar
intervertebral disk degeneration in postmenopausal
women by MRI and reported that the ratio of interver-
tebral disk bulge from the posterior edge of the verte-
bral body was correlated with the BMD of the lumbar
vertebrae and total body [19].

Our results indicated that intervertebral disk degen-
eration and BMD are associated with each other in
premenopausal women as in postmenopausal women.
However, although a significant difference in BMD be-
tween the D and N groups was observed at the L5–S1
level in the premenopausal group, it was observed at the
L2–L3 and L3–L4 levels in the postmenopausal group.
These findings may be due to the setting of the border
between normal and degenerated disks on MRI. We set
the border between grades 2 and 3 to detect early disk
degeneration. These findings were consistent with the
fact that intervertebral disk degeneration progresses
from the lower to upper lumbar vertebrae with age [7].

Keller et al. reported that stiffness of the vertebral
body is correlated with intervertebral disk degeneration
[20]. Neumann et al. reported that there is interdepen-
dency among intervertebral disk degeneration, the
BMD of the vertebral body, and the elastic modulus of
the anterior longitudinal ligament [21]. Therefore, as
vertebral BMD increases, vertebral stiffness increases
and the role of the intervertebral disk in the shock-
absorbing system also increases, resulting in an increase
in stress on the intervertebral disk. Inversely, when
vertebral BMD is low, the stiffness of the vertebra de-
creases and the vertebra plays a role with the interverte-
bral disks in the shock-absorbing system; thus, relative
stress on the intervertebral disks may decrease. Thus,
lumbar BMD and intervertebral disk degeneration may
be associated with each other.

In conclusion, the BMD of not only the lumbar ver-
tebra, but also the calcaneus and radius, was mutually
related with lumbar intervertebral disk degeneration
from an early stage of degeneration.
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