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Abstract
It is common clinical practice to obtain bone mass measurement at both the hip and spine to evaluate
for osteoporosis. With aging, degenerative changes in the lumbar spine may elevate the bone mineral
density (BMD) results giving false assurances that the fracture risk at the spine is low. We examined
the association of spine osteoarthritis and bone mineral density in 1082 community-dwelling
ambulatory older women aged 50–96 years who participated in a 1992–1996 osteoporosis research
clinic visit. Bone mineral density (BMD) was measured at the hip, PA and lateral lumbar spine using
dual energy x-ray absorptiometry (DXA). Spine osteoarthritis was identified on the PA lumbar spine
DXA images by a musculoskeletal radiologist. Forty percent of women had evidence of spine
osteoarthritis (OA). Women with spine OA had mean age of 77.4 years (95% CI, 76.5–78.2), were
significantly older than women without (mean age 66.8; 95% CI, 65.9–67.7), and were more likely
to have prevalent radiographic fractures (14.2% vs. 9.5%, p< 0.05). Age-adjusted BMD at the femoral
neck, total hip, PA spine, and lateral spine was significantly higher in women with spine OA. Women
with spine OA were more likely to have osteoporosis by WHO classification at the femoral neck and
total hip than those without spine OA, but less likely based on the PA spine site (14.4% vs 24.5%).
Despite higher BMD levels, women with OA of the lumbar spine had higher prevalence of
osteoporosis at the hip and radiographic vertebral fractures. In elderly women 65 years and older
who are likely to have spine OA, DXA measurement of the spine may be not useful in assessing
fracture risk and DXA of the hip is recommended for identification of osteoporosis.
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Introduction
The current standard of care in clinical practice to evaluate for osteoporosis is dual energy x-
ray absorptiometry (DXA) of both the hip and PA view of the lumbar spine(1–6). However,
scanning both sites in every patient may not be useful. With aging, degenerative changes in
the lumbar spine may elevate the bone mineral density (BMD) results giving false assurances
that the fracture risk at the spine is low(7). The lateral view of the lumbar spine by DXA may
eliminate the posterior elements and degenerative changes that are included in the PA view.
But in the clinical setting, lateral spine DXA is not recommended as a measurement site for
diagnosis of osteoporosis(3,8).
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We examined the association of spine osteoarthritis and bone mineral density in 1082
community-dwelling ambulatory women aged 50–97 years; and compared the PA and lateral
lumbar spine BMD in women with and without spine OA.

Methods
From May 1992 to December 1996, 1082 ambulatory white women aged 30–97 years from a
geographically defined middle-class community, Rancho Bernardo, California, participated in
a study of osteoporosis. The University Human Subjects Committee approved the study and
all participants gave informed consent. At the clinic visit, all participants completed a
standardized questionnaire that included medical history, health habits, dietary supplements,
and medications. Alcohol use was categorized as drinking three or more days per week, and
regular exercise was defined as exercise three or more times per week. To validate medication
use, the clinic nurse examined all pills and prescriptions brought to the clinic. Height and weight
were measured with subjects wearing light clothing and no shoes. As a measure of obesity,
body mass index (BMI) was calculated as weight in kilograms divided by the square of height
in meters (kg/m2).

Lateral thoracic (T7–T12) and lumbar spine (L1–L4) radiographs were read by one
musculoskeletal radiologist for prevalent vertebral fractures using a modified semiquantitative
grading scheme(9). Each vertebral level was defined by a fracture/nonfracture dichotomy.
Several months after the first reading, 60 radiographs were reread by the same radiologist
without knowledge of his first reading, with 95–100% concordance at each vertebral level. The
clinical fractures were self-reported and included fractures of hip, spine, wrist, hand, forearm,
humerus, clavicle, ribs, pelvis, femoral shaft, knee, tibia, fibula, and foot; 95% of reports for
fractures of the hip, wrist, arm, clavicle, and leg were validated by medical records.

Bone mineral density (g/cm2) was measured at the hip, posteroanterior (PA) and lateral lumbar
spine by certified radiology technicians using dual energy x-ray absorptiometry (DXA, Hologic
QDR-2000, Bedford, MA). Scans were standardized daily against a calibration phantom. The
precision error was ≤1.5% for the hip, and ≤1.0% for the spine. Osteoporosis was defined by
BMD levels, according to the World Health Organization (WHO) criteria, as ≥ 2.5 standard
deviations (SD) below young adult mean (10); and used normative data from NHANES for
the hip DXA and Hologic female normals for spine DXA.

Spine OA was classified by a musculoskeletal radiologist’s review of the PA lumbar spine
DXA print out images. Spine OA was identified by presence of disc space narrowing with
vertebral endplate sclerosis, osteophyte formation at the vertebral body margins, or increased
density with osteophytosis. A total of 60 lumbar radiographs were read for the presence of OA
by the same radiologist without knowledge of his DXA reading with 100% concordance.

All analyses were performed using the Statistical Analysis System (SAS Institute, Inc., Cary,
NC). Age-adjusted differences in proportions were calculated using the Mantel-Haenszel
statistic with a two-tailed test of significance (alpha=p≤0.05). Analyses were stratified by the
presence of spine OA. All BMD levels were normally distributed making transformations
unnecessary. Analysis of covariance was calculated to determine differences in mean BMD
levels by spine OA categories while controlling for age, BMI, thyroid hormone and current
estrogen use.

Results
Forty percent of women had evidence of osteoarthritis (OA) in the lumbar spine. As shown in
Table 1, women with spine OA had mean age of 77.4 years (95% CI, 76.5–78.2) and were
significantly older than women without spinal OA (mean age 66.8; 95% CI, 65.9–67.7).
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Women with spine OA in comparison with those without spine OA were less likely to use
current estrogen (38.4% vs. 47.4%, p< 0.05) and were more likely to use thyroid hormone
(25.1% vs. 18.7%, p< 0.05).

Women with spine OA had significantly greater height loss: 2 inches vs.1 inch (p< 0.05).
Prevalent radiographic vertebral fractures were present in 14.2% of women with spine OA
compared with 9.5% in those without spine OA (p< 0.05). A history of clinical fractures was
validated in 22% of women with spine OA and 18% of those without spine OA (p value NS).

As displayed in Figure 1, the prevalence of spine OA was higher with aging. From 50 to 64
years of age, 14% had evidence of spine OA. With each 5-year age grouping, the percentage
of spine OA was greater: age 65–69, 25.5%; 70–74, 36.1%, 75–79, 59.5%, and 80+, 66.6%.

Mean BMD at the femoral neck and total hip unadjusted were lower in women with spine OA
in comparison to those without. However after adjusting for age alone, or age, BMI, current
estrogen and thyroid hormone use, mean femoral neck BMD and total hip BMD were
significantly higher in women with spine OA. At the PA spine and lateral spine, BMDs
unadjusted, adjusted for age alone, and age, body mass index, current estrogen and thyroid
hormone use were significantly higher at all sites in women with spine OA (Table 2).

The prevalence of osteoporosis by measurement site and age is displayed in Figure 2. For the
femoral neck and total hip sites, prevalence of osteoporosis is higher with advancing age as
expected. However at the PA spine, the prevalence of osteoporosis from 60 to 79 years is flat
at approximately 20%.

As shown in Figure 3, only 10.9% of women with spine OA were classified as normal at the
femoral neck, half (50.7%) were osteoporotic and 38.4% osteopenic. In those without spine
OA at the femoral neck, 17.9% were normal, 39.3% osteopenic, and 43.4% osteoporotic. At
the total hip 22.5% of women with spine OA had osteoporosis versus 13.9% of women without
spine OA. In contrast, 14.4% of women with spine OA had osteoporosis based on the PA spine
site versus 24.5% of those without spine OA. If the BMD criteria for osteoporosis was applied
to the lateral spine, similar proportions would be identified as osteoporotic: 50.8% women with
spine OA and 56.0% women without spine OA.

Discussion
Overall, 40% of these community-dwelling women had evidence of spine OA, and 60% or
more of those age 70 and older had spine OA. Women with spine OA had more prevalent
radiographic vertebral fracture than those without spine OA (14.2% vs. 9.5%, p< 0.05). In
addition, 22.5% of women with spine OA had BMD-defined osteoporosis at the hip and 14.4%
had BMD-defined osteoporosis at the PA spine. The expected increase in prevalence of
osteoporosis at the spine with advancing age was not observed in contrast to the femoral neck
and total hip sites. Despite higher BMD levels, women with OA of the lumbar spine had higher
prevalence of osteoporosis at the hip and radiographic vertebral fractures.

A meta-analysis done by Marshall and others demonstrated site-specific measurements were
the best predictor of fracture at that site(11). Therefore, measurement of the spine would be
the best assessment for vertebral fracture risk. Based on the present study in elderly women,
use of PA spine BMD would underestimate vertebral fracture risk, therefore the hip site is
recommended for fracture risk assessment. The meta-analysis and other studies have also
shown the value of hip BMD in prediction of fractures at other sites. To our knowledge, no
age cut-off has been recommended for obtaining hip DXA only.
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Faulkner and colleagues(12) showed discordance in patient classification using T-scores at
different measurement sites. The percent of the population aged 60 with T-scores below −2.5
was 6% at total hip, 14% PA spine and 38% lateral spine. In another study of 120 community-
dwelling women (mean age 70 years), Greenspan and others (13) found that osteoporosis varied
from about 20% at the total hip to 66% at the lateral lumbar spine. In our study, 54% of the
women had T-scores below −2.5 at the lateral spine.

Although the effect of degenerative changes of spine appears to be removed in the spine lateral
projection, lateral spine DXA is not routinely performed in clinical practice and there are no
established guidelines for diagnosis(3,6,8,14,15). Clearly, a different threshold point would be
needed since lateral spine BMD would over estimate the diagnosis of osteoporosis. The WHO
criteria used for diagnosis of osteoporosis is applicable for the hip, PA spine, and forearm sites
only, not the lateral spine(3,8,10,16). In addition, the accuracy and precision error of the lateral
spine measurement of BMD is higher than the posteroanterior measurement and the hip(17).

Previous studies have reported conflicting results about the association between spine OA and
osteoporotic fractures(18,19). In the present study, women with spinal OA in contrast to those
without had a higher prevalence of vertebral fractures despite having higher multiply-adjusted
BMD at the hip and spine. These findings are in agreement with others (18) that spine
osteoarthritis does not protect the spine from developing osteoporosis. In contrast, the
Chingford study found a reduced risk of fracture in those women with lumbar spine OA, but
not those with hip OA, even though they had higher BMD(19).

One limitation of this study is that the analysis was limited to Caucasian women; therefore the
findings may not be relevant to men or other ethnic groups. However, these degenerative
changes with aging occur in nonwhite ethnic groups and in men are reported to have an even
higher prevalence than in white women(20). All degenerative changes were classified as
“spinal OA,” although the underlying cause may be due to other causes such as degenerative
disc disease. Nevertheless, the resultant effect on spine BMD is the same. The scans were
evaluated prior to the Position Development Conferences and the updated 2005 Official
Positions of the International Society for Clinical Densitometry.

With aging, degenerative changes in the lumbar spine may elevate BMD results giving false
assurances that the fracture risk at the spine is low. These data confirm that PA spine BMD
should be interpreted with caution in elderly women, and strongly suggest that the hip BMD
measurement site should be the primary site for assessing risk of fracture in women 65 years
of age and older. In addition, the clinician should interpret the results of bone density in
combination with other risk factors for fractures. Further research is needed to define lateral
spine values differentiating between normal, osteopenic, and osteoporosis. In summary, elderly
women aged 65 years and older who are likely to have spine OA, DXA measurement of the
spine may be not useful in assessing fracture risk and DXA of the hip is recommended for
identification of osteoporosis.
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Figure 1.
Percentage of women with osteoarthritis at the spine by age: Rancho Bernardo, CA, 1992–
1996.
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Figure 2.
Percentage of women with osteoporosis (OP) based on mean BMD at PA spine, total hip and
femoral neck by age: Rancho Bernardo, CA, 1992–1996.

Schneider et al. Page 7

J Clin Densitom. Author manuscript; available in PMC 2009 February 13.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Schneider et al. Page 8

J Clin Densitom. Author manuscript; available in PMC 2009 February 13.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Figure 3.
WHO diagnostic category by measurement site in women based on spine OA status: Rancho
Bernardo, CA, 1992–1996.
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