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Abstract Degenerative diseases of lumbar spine com-
monly noted in elderly people may affect their lumbar
spine bone mineral density (BMD). The aim of this
study is to determine whether the degree of degenerative
spinal diseases is correlated with lumbar spine and
femoral neck BMD. This study included 630 women age
60 years or over (mean age 73.3 ± 6.9 years) visiting the
Osteoporosis Outpatient Clinic at the Tokyo Metro-
politan Geriatric Medical Center. Subjects underwent
anteroposterior and lateral X-rays of the lumbar spine.
The score of degenerative spinal diseases for each subject
was calculated according to the scores for the Kellgren-
Lawrence method, osteophyte formation, bone sclerosis,
disk space narrowing, and spondylolisthesis involving
L1-L2 through L4-L5 interspaces. Moreover, the num-
ber of vertebral fractures at L2 through L4 was
recorded. The BMD of the second to fourth lumbar
spine from anteroposterior projections and femoral neck
were measured using an Expert-5000 (GE Lunar,
Madison, WI USA). Most subjects had degenerative
diseases of the lumbar spine. Scores for the Kellgren-
Lawrence method, osteophyte formation, bone sclerosis,
disk space narrowing, and spondylolisthesis were posi-
tively correlated with lumbar spine BMD, while
they were not correlated with femoral neck BMD.
Multiple regression analysis indicated that the scores for
osteophyte formation, bone sclerosis, and disk space

narrowing were independently correlated with lumbar
spine BMD. Thus, in this study, the scores for degen-
erative spinal diseases were correlated with lumbar spine
BMD, while they were not correlated with femoral neck
BMD. This discrepancy indicates that degenerative
spinal diseases are associated with increased lumbar
spine BMD measurements. Femoral neck BMD there-
fore may be more appropriate than lumbar spine BMD
in evaluating osteoporosis in elderly women.
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Introduction

Osteoporosis has been a serious problem in an aging
society. Measurement of the lumbar spine bone mineral
density (BMD) by dual-energy X-ray absorptiometry is
now accepted as a standard means for the evaluation
of osteoporosis. However, most elderly people have
degenerative diseases of the spine, such as osteophyte
formation, bone sclerosis, disk space narrowing,
spondylolisthesis, and vertebral fractures, which were
reported to affect their lumbar spine BMD [1, 2, 3, 4, 5].
However, review of the literature indicated that many
previous studies were performed based just on the
presence or absence of degenerative spinal diseases [1, 3,
4] or that only one degenerative item was used to eval-
uate the effect of degenerative spinal disease on lumbar
spine BMD [2, 5]. In reality, the degree of degenerative
spinal disease may also affect lumbar spine BMD, and
degenerative spinal diseases such as osteophyte forma-
tion, bone sclerosis, disk space narrowing, spondylolis-
thesis, and vertebral fractures may be correlated with
one another. The aim of this study is to determine
whether the grade of the Kellgren-Lawrence method,
osteophyte formation, bone sclerosis, disk space nar-
rowing, spondylolisthesis, and the number of vertebral
fractures are correlated with each other, and whether
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lumbar spine BMD is correlated with the degree of each
item, using multiple regression analysis.

Subjects and methods

This study included 630 women age 60 years or over who visited
the Osteoporosis Outpatient Clinic at the Tokyo Metropolitan
Geriatric Medical Center from April 1999 to October 2000. Women
who had femoral neck fractures, osteoarthritis of the hip, and
hemiplegia, which affect femoral neck BMD, were excluded from
this study. The mean age of the subjects was 73.3 ± 6.9 years.
Upon entry into this study, body height and weight were measured,
and body mass index (BMI) was calculated. Subjects underwent
anteroposterior and lateral X-rays of the lumbar spine including L1
to L5. The score of degenerative spinal diseases for each subject
was calculated according to grade in the Kellgren-Lawrence
method [6], osteophyte formation, bone sclerosis, disk space nar-
rowing, and spondylolisthesis involving L1-L2 through L4-L5 in-
terspaces. Osteophyte formation was categorized into five grades
(0–4) according to the Nathan classification [7]. Bone sclerosis was
categorized into three grades of 0 (none), 1 (slight), and 2 (severe).
The width of bone sclerosis from the endplate of the vertebral body
was measured at the widest site. As for L1-L2 and L4-L5, the width
of bone sclerosis was measured at the upper side of L2 and the
bottom side of L4, respectively. As for L2-L3, it was measured at
both the bottom side of L2 and the upper side of L3, and the wider
side was chosen as the width of bone sclerosis at L2-L3, and as for
L3-L4, it was measured in the same way. Grade 1 sclerosis was
defined as less than 2 mm of the vertebrae and grade 2 sclerosis as
at least 2 mm of the vertebrae. Disk space narrowing was catego-
rized into three grades of 0 (none), 1 (slight), and 2 (severe). Grade
1 narrowing was less than 2 mm loss of disk space and grade 2
narrowing was at least 2 mm loss of disk space. Spondylolisthesis
was categorized into five grades (0–4) according to the Meyerding
method [8]. The radiographs were read to identify the presence and
severity of each item at the L1-L2 through L4-L5 interspaces, and
the sum of the scores for each item was calculated. The lateral
radiographs were read to identify the number of vertebral fractures
at L2 through L4. Vertebral fracture was assessed in terms of three
findings: a wedge, biconcave, or crush appearance [9]. A wedge
appearance was defined as a site where the anterior height of the
vertebra was 75% or less than its posterior height, a biconcave
appearance was where the height of the center part of a vertebra
was 80% or less than that of the anterior and posterior parts of the
vertebra, and a crush appearance was where the height of the
anterior, center, and posterior parts of an axial vertebra were all
reduced to 80% or less of the normal value. The grade of degen-
erative diseases was read by one observer (S.M.). To assess the
intraobserver reproducibility and interobserver reliability of these
methods, 40 radiographs were read by the same observer 3 months
later, and 130 radiographs were read by another observer (S.Y.).
BMD of the lumbar spine and femoral neck were measured using
the Expert-5000 (GE Lunar, Madison, WI, USA). Measurements
were obtained from anteroposterior projections of the second to
fourth lumbar vertebrae and femoral neck. Statistical analysis was
performed using Statview 5.0 (Abacus Concepts, Berkeley, CA,
USA). Weighted j statistic was used to examine intraobserver
reproducibility and interobserver reliability. Linear regression
analysis was used to determine the correlation of the lumbar spine
and femoral neck BMD with age. Spearman rank correlation
coefficient was used to determine the association among the scores
from the Kellgren-Lawrence method, osteophyte formation, bone
sclerosis, disk space narrowing, and spondylolisthesis, and the
number of vertebral fractures. Multiple regression analysis was
used to determine the correlation of the lumbar spine and femoral
neck BMD with the scores for the Kellgren-Lawrence method,
osteophyte formation, bone sclerosis, disk space narrowing, and
spondylolisthesis, and the number of vertebral fractures after
adjustment for age and BMI. Furthermore, the independent effects
of age, BMI, and the score for each degenerative item, on BMD

were analyzed using multiple regression analysis. On the basis of
the multiple regression analysis, adjusted lumbar spine BMD was
calculated, and the correlation between age and adjusted lumbar
spine BMD was determined using linear regression analysis. Fur-
thermore, The correlation coefficient between observed lumbar
spine BMD and femoral neck BMD, and between adjusted lumbar
spine BMD and femoral neck BMD, was compared using analysis
of variance. Statistical significance was defined as P<0.05.

Results

Table 1 shows the characteristics of the subjects. Intra-
observer and interobserver agreement of these methods
were high (Table 2). Lumbar spine BMD had no cor-
relation with age, while femoral neck BMD had a sig-
nificant correlation with age (r=0.02, P=0.9669;
r=)0.303; P=<0.0001, respectively). Degenerative
spinal diseases were noted in virtually all of the subjects
(Table 3). The scores for the Kellgren-Lawrence meth-
od, osteophyte formation, bone sclerosis, and disk space
narrowing had a moderate or strong correlation with
one another, though the number of vertebral fractures

Table 3 The proportion of subjects with scores for each degener-
ative disease >0

The number of subjects
with abnormalities

Kellgren-Lawrence 606 (96.2%)
Osteophyte formation 608 (96.5%)
Bone sclerosis 437 (69.4%)
Disk space narrowing 498 (79.0%)
Spondylolisthesis 121 (19.2%)
Vertebral fractures 159 (25.2%)

Table 2 Intraobserver reproducibility and interobserver reliability
of the classifications for degenerative spinal diseases. Weighted j
statistic was used to determine the intraobserver and interobserver
agreement of the classifications for degenerative diseases

Intraobserver
(n=40)

Interobserver
(n=130)

Kellgren-Lawrence 0.76 0.60
Osteophyte formation 0.84 0.60
Bone sclerosis 0.80 0.57
Disk space narrowing 0.87 0.62
Spondylolisthesis 0.87 0.53
Vertebral fractures 0.82 0.76

Table 1 Characteristics of 630 elderly women in this study. BMI
body mass index, BMD bone mineral density

Age (year) 73.3±6.9
Height (cm) 147.4±6.5
Weight (kg) 48.0±8.1
BMI (kg/cm2) 22.1±3.3
Lumbar BMD (g/cm2) 0.792±0.198
T-score )1.72±1.64
Neck BMDa (g/cm2) 0.633±0.137
T-score )2.21±1.15

aWith a total of 580 subjects

725



and the score for spondylolisthesis had no or weak
correlation with the score for other items (Table 4).
Figure 1 shows lumbar spine and femoral neck BMD by
the severity of each degenerative disease. The scores for
the Kellgren-Lawrence method, osteophyte formation,
bone sclerosis, disk space narrowing, and spondylolis-
thesis were positively correlated with lumbar BMD,
though they were not correlated with femoral neck
BMD (Table 5). The number of vertebral fractures was
negatively correlated with both lumbar spine and fem-
oral neck BMD (Table 5). In multiple regression anal-
ysis, the scores for osteophyte formation, bone sclerosis,
and disk space narrowing, and the number of vertebral
fractures were correlated with the BMD of the lumbar
spine; however, the scores for spondylolisthesis were not
(Table 6). The score for the Kellgren-Lawrence method
was not included in the multiple regression analysis,
because it was strongly correlated with osteophyte for-

mation, bone sclerosis, and disk space narrowing. On
the basis of this multiple regression analysis, osteophyte
formation, bone sclerosis, and disk space narrowing
were selected as degenerative spinal diseases that sig-
nificantly increased lumbar spine BMD measurements,
and a degenerative score for each subject was calculated
as follows: degenerative score = the score for osteo-
phyte formation + the score for bone sclerosis + the
score for disk space narrowing. Eleven (1.7%) subjects
had zero points for a degenerative score. The degener-
ative score was positively correlated with age (Fig. 2)
and lumbar spine BMD (Fig. 3A), though it was not
correlated with femoral neck BMD (Fig. 3B). The value
for lumbar spine BMD after adjustment for osteophyte
formation, bone sclerosis, and disk space narrowing can
be predicted as follows: adjusted lumbar spine BMD
= observed lumbar spine BMD – [0.006 x (the score
for osteophyte formation)] – [0.02 x (the score for bone
sclerosis)] – [0.011 x (the score for disk space narrow-
ing)]. Adjusted lumbar spine BMD had a weak corre-
lation with age (r=0.138, P<0.01). The correlation
coefficient between adjusted lumbar spine BMD and
femoral neck BMD was 0.597, which was not sig-
nificantly higher than that between observed lumbar
spine BMD and femoral neck BMD.

Table 4 Coefficients between
the scores for the Kellgren-
Lawrence method, osteophyte
formation, bone sclerosis, disk
space narrowing, and
spondylolisthesis, and the
number of vertebral fractures

*P<0.05; **P<0.01

Osteophyte Bone
sclerosis

Disk space
narrowing

Spondylolisthesis Vertebral
fractures

Kellgren-Lawrence 0.613** 0.503** 0.737** 0.165** 0.116*
Osteophyte 0.477** 0.380** 0.006 0.136**
Bone sclerosis 0.341** 0.073 )0.013
Disk space narrowing 0.180** 0.141**
Spondylolisthesis )0.032

Fig. 1 A Kellgren-Lawrence method, B osteophyte formation, C
bone sclerosis, D disk space narrowing, E spondylolisthesis, F
vertebral fracture. Lumbar spine and femoral neck BMD by the
severity of each degenerative disease. Subjects were divided into five
categories by the score for each degenerative disease. In the case of
spondylolisthesis, the number of subjects with a score of two or
more was small, so subjects were divided into three categories. In
the case of vertebral fracture, subjects were divided into four
categories
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Discussion

This study demonstrated that degenerative diseases of
the lumbar spine commonly occurred among elderly
people age 60 years or over. However, the subjects in
this study were patients admitted to Tokyo Metropoli-
tan Geriatric Medical Center, and thus the proportion of
those who had degenerative diseases of the spine might
be larger than in the general population.

Lumbar spine BMD was positively correlated with
the scores for the Kellgren-Lawrence method, osteo-
phyte formation, bone sclerosis, disk space narrowing,
and spondylolisthesis. In contrast, femoral neck BMD
was not significantly correlated with the score for
degenerative spinal diseases. This discrepancy indicates
that degenerative spinal diseases increase lumbar spine
BMD measurements. Thus, in subjects with severe
degenerative spinal diseases, osteoporosis may be
underestimated if assessed by lumbar spine BMD.

Lumbar spine BMD has been reported to fall with
age in postmenopausal women [10], although no such
correlation was noted in this study. This may be mainly
due to degenerative diseases of the lumbar spine. In fact,
the correlation between age and lumbar spine BMD was
improved after adjustment with the score for degenera-
tive spinal diseases. However, the correlation coefficient
between the adjusted lumbar spine BMD and femoral
neck BMD was not significantly higher than that be-
tween the observed lumbar spine BMD and femoral
neck BMD, which may indicate that the differences be-
tween lumbar spine and femoral neck BMD were not
only due to degenerative spinal diseases.

This study showed that the number of vertebral
fractures was negatively correlated with both lumbar
spine and femoral neck BMD, which do not indicate
that vertebral fractures decreased lumbar spine BMD
measurements but that subjects with vertebral fractures
had more severe osteoporosis.

Multiple regression analysis in this study showed that
the scores for osteophyte formation, bone sclerosis, and
disk space narrowing were independently correlated
with lumbar spine BMD. Using multiple regression
analysis, adjusted lumbar spine BMD was calculated in
this study as follows: adjusted lumbar spine BMD
= observed lumbar spine BMD ) [0.006 x (the score
for osteophyte formation)] ) [0.020 x (the score for
sclerosis)] ) [0.011 x (the score for disk space narrow-
ing)]. The number of vertebral fractures was also sig-
nificantly correlated with lumbar spine BMD. However,
the number of vertebral fractures was not included in the
formula for adjusted lumbar spine BMD, for the
aforementioned reason. Applying the mean score in each
degenerative spinal disease to the formula resulted in
adjusted lumbar spine BMD being 0.119 g/cm2 lower

Table 5 Coefficients of variation of lumbar spine and femoral neck bone mineral density by the scores for the Kellgren-Lawrence method,
osteophyte formation, bone sclerosis, disk space narrowing, and spondylolisthesis, and the number of vertebral fractures, after adjustment
for age and BMI. SE standard error, N.S. not significant

Lumbar spine bone mineral density Femoral neck bone mineral densitya

Coefficient of variation SE P value Coefficient of variation SE P value

Kellgren-Lawrence 0.014 0.002 <0.0001 )0.00004 0.002 N.S.
Osteophyte formation 0.014 0.002 <0.0001 0.001 0.002 N.S.
Bone sclerosis 0.029 0.004 <0.0001 0.005 0.003 N.S.
Disk space narrowing 0.019 0.003 <0.0001 0.002 0.003 N.S.
Spondylolisthesis 0.037 0.014 <0.01 0.002 0.012 N.S.
Vertebral fractures )0.06 0.01 <0.0001 )0.041 0.008 <0.0001

aN=580

Table 6 Multiple regression analysis of lumbar spine bone mineral
density with age, BMI, scores for osteophyte formation, bone
sclerosis, disk space narrowing, and spondylolisthesis, and the
number of vertebral fractures. The overall R2 was 0.326

Coefficient
of variation

SE P value

Age )0.002 0.001 N.S.
BMI 0.020 0.002 <0.0001
Osteophyte formation 0.006 0.003 <0.05
Bone sclerosis 0.020 0.004 <0.0001
Disk space narrowing 0.011 0.003 <0.0001
Spondylolisthesis 0.021 0.013 N.S.
Vertebral fractures )0.067 0.010 <0.0001

Fig. 2 The correlation of degenerative score with age. Degenerative
score was calculated as follows: degenerative score = the score of
osteophyte formation + the score of bone sclerosis + the score of
disk space narrowing. Degenerative score was positively correlated
with age (r=0.291, P<0.0001)
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than observed lumbar spine BMD. This amount was
15.0% of the mean lumbar spine BMD of the subjects in
this study, which is not a negligible amount. Elderly
women age 60 or over are predisposed to degenerative
spinal diseases that greatly affect lumbar spine BMD
measurements. This should be taken into account in the
evaluation of the lumbar spine BMD, or the risk of
osteoporosis may be overlooked.

The most harmful problem caused by osteoporosis
was hip fractures. Hip fractures lowerADLandQOL and
also increase mortality [11, 12, 13].Mandatory evaluation
of the risk of hip fractures is thus required. Measurement
of the lumbar spine BMD is now commonly accepted as
the standard means for the evaluation of osteoporosis,
especially in Japan. However, since (1) elderly people are
predisposed to degenerative spinal diseases as evidenced
in this study, (2) degenerative spinal diseases greatly affect
lumbar spine BMD measurements, and (3) femoral neck
BMD was shown to be the better [14, 15, 16] and total
neck BMD the best site [17] to evaluate risk for hip
fracture, osteoporosis may be better evaluated by means
of femoral neck or total neck BMD in principle. Only if
subjects have diseases of hip joints, such as osteoarthritis
of the hip, and femoral neck fractures, should lumbar
spine BMD be used in the evaluation of osteoporosis. In
conclusion, the scores for theKellgren-Lawrencemethod,
osteophyte formation, bone sclerosis, and disk space
narrowingwere strongly correlatedwith one another. The
scores for the Kellgren-Lawrence method, osteophyte
formation, bone sclerosis, disk space narrowing, and
spondylolisthesis were positively correlated with lumbar
spine BMD. The scores for osteophyte formation, bone
sclerosis, and disk space narrowing were independently
correlated with lumbar spine BMD.
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