Femoral Bone Mineral Density Is Associated with
Vertebral Fractures in Patients with Ankylosing
Spondylitis: A Cross-sectional Study
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ABSTRACT. Objective. To determine the association between vertebral fractures and clinical, laboratory, and radiological variables in patients with ankylosing spondylitis (AS).
Methods. Sixty-eight men with AS and 91 sex- and age-matched controls were consecutively enrolled.
Vertebral fractures were assessed according to a visual semiquantitative grading system using plain radiographs of the lumbar spine obtained from patients with AS. Disease activity variables including C-reactive protein, erythrocyte sedimentation rate, finger-to-ground distance score, Schober’s Index score, Bath
Ankylosing Spondylitis Radiology Index for the spine (BASRI-s) score, and syndesmophyte score were
identified. Assessments of bone mineral density (BMD) of the lumbar spine and the femur in patients and
controls were performed using an anteroposterior dual energy x-ray absorptiometry technique.
Results. Eleven patients (16.2%) out of the total of 68 patients with AS had vertebral fractures; these
were identified as wedge deformities (n = 5) or biconcave (n = 6) deformities. BMD levels of the lumbar spine and femur in patients were significantly reduced compared with those of age-matched controls. There were significant differences in the Schober’s Index scores, finger-to-ground distance scores,
BASRI scores of the lumbar spine, syndesmophyte scores, and intertrochanter values of BMD among
AS patients both with and without vertebral fractures. Multiple logistic regression analyses revealed
that intertrochanteric BMD values also were independently associated with vertebral fractures in AS
(p = 0.041).
Conclusion. We demonstrated evidence of a correlation between low femoral BMD levels and risk of
vertebral fractures in patients with AS, especially at the intertrochanteric area. Longitudinal studies in
a large population are required to determine the diagnostic implications of femur BMD for increased
risk of vertebral fractures in AS. (J Rheumatol 2006;33:1637–41)
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Loss of bone mass (osteopenia or osteoporosis) of the spine
and femur is a well recognized complication of ankylosing
spondylitis (AS), even in the early stages of the disease1,2. It
was known that patients with AS have an increased suscepti-
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OSTEOPOROSIS
VERTEBRAL FRACTURE

bility to vertebral fractures due to secondary diffuse osteoporosis3,4. However, studies that evaluated the association
between the values of bone mineral density (BMD) measurements and vertebral fractures in AS patients showed a lack of
association between the 2 events2,4. The rate of vertebral fractures in AS has been estimated to range from 0.4% to 18%,
according to variance of study design2-6. However, the clinical,
laboratory, or radiological variables for predicting the risk of
vertebral fractures in patients with AS have not yet been determined.
The aim of our investigation was to establish the relationship between vertebral fractures and BMD levels of the lumbar spine and femur, as well as clinical, laboratory, and radiological variables.
MATERIALS AND METHODS

Subjects. Sixty-eight men with AS were consecutively enrolled at the Hospital
for Rheumatic Diseases, Hanyang University, from September 2004 to
December 2004. All patients met the modified New York criteria for AS7. We
excluded patients with hyperparathyroidism, hyperthyroidism, chronic liver
disease, and/or renal insufficiency; patients who were currently taking
steroids were also excluded from the study, as steroids can affect bone metabolism in the development of osteoporosis. Women with AS were excluded
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since their normal BMD values are different from those of men, and there are
no adequate data available for identifying the value of bone loss in increasing
a man’s risk of developing fractures. Patients with a history of traumatic
injury such as falls and motor vehicle accidents were also excluded. Controls
matched for sex, age, and body mass index (BMI) were recruited at the Health
Promotion Center of the same hospital.
Clinical and laboratory assessments. Age, BMI (kg/m2), and the duration of
disease were retrospectively studied from the patients’ medical records.
Patient examinations included finger-to-ground distance and Schober’s Index
score in a physical assessment of spinal mobility and disease activity. C-reactive proteins (CRP; normal values < 0.8 mg/dl) and erythrocyte sedimentation
rates (ESR, Westergren method; normal values < 20 mm/h) were measured to
determine inflammatory activity.

Radiological assessment. We used the Picture Archiving and Communication
System (PACS; Piview Startm, Infinitt Technology Co., Ltd., Seoul, Korea)
to assess vertebral fractures and severity of the radiological damage in lumbar anteroposterior (AP) and lateral views. It has been shown that the PACS
is advantageous because it is available at any time and provides easy or automatic control of radiological images8. For the imaging assessment of radiological damage, we used the Bath Ankylosing Spondylitis Radiology Index
for the spine (BASRI-s), which is reproducible and reliable, and is a rapid
radiological scoring system used in AS9. To conveniently assess clinical status, all patients were classified into 2 groups according to the BASRI-s scoring system (scored from 0 to 4): the mild AS group, which included patients
with scores of 0–1, and the advanced AS group, which included patients with
scores of 2–410. Syndesmophyte scores were graded on a 0–3 scale in a plain
radiograph of the lumbar spine11. We then classified patients into mild (score
of 0) or advanced (score 1–3) groups in order to assess their clinical status.
Vertebral fractures of the lumbar spine were assessed according to a visual semiquantitative grading system12. Vertebral fractures were defined as a
reduction of more than 20% in anterior, middle, and/or posterior height. The
vertebral fracture assessments were confirmed by an experienced bone and
joint radiologist (KBJ).
Bone densitometry assessment. Axial and appendicular BMD of the lumbar
spine (L2–L4, posteroanterior view) and the left proximal femur (neck,
intertrochanteric area, greater trochanter, and Ward’s triangle) were assessed
using the AP dual energy x-ray absorptiometry (DEXA) technique (QDR
4500A, Hologic Inc., Waltham, MA, USA). Observational differences
between the values of 2 different DEXA observations were adjusted using 20
successive pretests of the anthropomorphic spine phantom.

Statistical analysis. Estimated values are listed as mean ± standard deviation
(SD). Differences in BMD values and characteristics (including age and BMI)
between AS patients and controls were assessed using an independent-samples t test. Variables including the duration of disease, finger-to-ground distance, Schober’s Index, CRP, ESR, BASRI scores, and syndesmophyte scores
in AS patients were assessed by descriptive analysis. Differences among variables between patients with and without vertebral fractures were also compared using t tests. These results were reassessed using a multiple logistic
regression analysis to exclude the confounding effects of clinical variables on
vertebral fractures in AS.

RESULTS
The basic characteristics and BMD measurements of AS
patients and the controls are shown in Table 1. BMD levels of
the lumbar spine and femur of AS patients were significantly
lower compared with those of the controls in all investigated
regions. We observed 11 patients (16.2%) with vertebral fractures. Six of these 11 patients had biconcave fractures and 5
had wedge compression fractures of the vertebrae. No significant differences were identified between the biconcave and
wedge morphometric fractures in terms of the variables presented in Table 1 (data not shown).
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According to the BASRI scores, there were no significant
differences between the lumbar and femur BMD levels
between the mild and advanced AS groups, except for the
intertrochanteric area of the femur (p = 0.017) (Table 2).
However, there were no differences between BMD levels of
all the measured regions between the 2 groups, based on the
syndesmophyte scores.
A negative correlation between the mean lumbar spine
BMD and the serum levels of both ESR and CRP was identified (data not shown). This correlation was not observed for
the femur BMD. We also found that there was a negative association between the Schober’s Index and the level of CRP (p
= 0.049).
In a comparison between AS patients both with and without vertebral fractures, there were significant differences for
Schober’s Index scores, finger-to-ground distance scores,
BASRI scores, syndesmophyte scores, and BMD values in the
intertrochanteric area of the femur (Table 3). Further, no differences between the lumbar and femur BMD values were
demonstrated, irrespective of the presence of vertebral fractures, except for differences of the intertrochanteric area, disease duration, ESR, and CRP.
Multiple logistic regression analyses were performed to
exclude potential influences from any of the confounding factors, including age, Schober Index score, finger-to-ground test
score, BASRI score, syndesmophyte score, and BMD levels
of the intertrochanteric femur showing significant differences
between AS patients with fractures and patients without fractures (Table 4). Intertrochanteric BMD value appeared to be a
significant factor associated with the risk of vertebral fractures
(p = 0.041), although the statistical significance was not seen
for some physical or radiological variables associated with
vertebral fractures.

DISCUSSION
Vertebral fractures are one of the well known complications
seen in patients with AS2,4. Although the prevalence of vertebral fractures remains unclear, their reported occurrence in AS
varies from 0.4% to 18%2-6. In our study, the prevalence of
vertebral fractures was estimated at 16.2%. The precise etiology or mechanism of vertebral fractures in AS has not been
clearly determined. Previous studies have suggested that the
majority of vertebral fractures were caused by mechanical
injuries such as minor falls and motor vehicle accidents13,14.
Recently, reduced bone mass (osteopenia or osteoporosis) was
also identified as one of the variable clinical features of
AS1,2,11. Based on this finding, it has been proposed that osteoporosis is a major determinant in the development of vertebral
fractures in AS, although some studies have shown no correlation between BMD measurements and vertebral fractures2,4.
No specific clinical or laboratory variables (except pain,
stiffness, and sleep disturbance) known to be associated with
radiological bone changes (including ankylosis or joint sclerosis) have been identified in AS15. There is an ongoing con-
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Table 1. Basic characteristics of patients with ankylosing spondylitis (AS) and controls.
Variables, mean ± SD

Age, yrs
Body mass index, g/m2
Disease duration, mo
Schober’s index, cm
Finger-to-ground test, cm
ESR, mm/h
CRP, mg/dl
BASRI score of lumbar spine, 0–4
Syndesmophyte score, 0–3
Vertebral fracture, %
BMD of lumbar spine, g/cm2
L2
L3
L4
BMD of femur, g/cm2
Neck
Greater trochanter
Intertrochanter
Ward’s triangle

AS, n = 68

Controls, n = 91

0.93 ± 0.15
0.94 ± 0.16
0.97 ± 0.14

0.99 ± 0.10
1.01 ± 0.11
1.02 ± 0.10

30.7 ± 6.5
22.3 ± 3.3
86.0 ± 65.0
3.3 ± 2.2
21.0 ± 14.7
37.0 ± 33.7
2.52 ± 2.69
1.7 ± 1.7
0.9 ± 1.1
16.2*

p

30.0 ± 7.0
23.0 ± 2.3
—
—
—
—
—
—
—
—

0.78 ± 0.13
0.64 ± 0.10
0.98 ± 0.16
0.68 ± 0.17

0.87 ± 0.11
0.71 ± 0.10
1.15 ± 0.13
0.98 ± 0.11

NS
NS
—
—
—
—
—
—
—
—

0.005
0.002
0.010

< 0.001
< 0.001
< 0.001
< 0.001

ESR: erythrocyte sedimentation rate; CRP: C-reactive protein; BASRI: Bath Ankylosing Spondylitis
Radiological Index; BMD: bone mineral density; L: lumbar spine. * Eleven patients had vertebral fractures
including wedge or biconcave deformities.
Table 2. Comparison of BMD between mild AS and advanced AS on the basis of radiological scoring.
Variables,
mean ± SD

Lumbar spine, g/cm2
L2
L3
L4
Femur, g/cm2
Neck
Greater trochanter
Intertrochanter
Ward’s triangle

BASRI Score*
Mild AS, Advanced AS,
n = 36
n = 32

0.94 ± 0.16
0.95 ± 0.15
0.95 ± 0.14

0.80 ± 0.13
0.66 ± 0.10
1.02 ± 0.16
0.70 ± 0.17

0.92 ± 0.13
0.93 ± 0.18
0.99 ± 0.15

0.77 ± 0.13
0.62 ± 0.10
0.93 ± 0.15
0.65 ± 0.17

p
0.447
0.546
0.198

0.326
0.104
0.017
0.223

Syndesmophyte Score†
Mild AS, Advanced AS,
n = 36
n = 32

0.94 ± 0.16 0.92 ± 0.13
0.94 ± 0.15 0.94 ± 0.17
0.94 ± 0.14 1.00 ± 0.14
0.78 ± 0.12
0.65 ± 0.10
1.00 ± 0.15
0.69 ± 0.15

0.78 ± 0.14
0.63 ± 0.12
0.95 ± 0.16
0.67 ± 0.19

p
0.743
0.992
0.066

0.989
0.648
0.159
0.669

BMD: bone mineral density; SD: standard deviation; L: lumbar spine. * Mild (0–1) and advanced (2–4) AS were
classified according to BASRI scores (0–4). † Mild (0) and advanced (1–3) AS were classified according to syndesmophyte scores (0–3).

flict of opinions about an association between BMD levels
and disease activity variables such as ESR, CRP, and Bath
Ankylosing Spondylitis Disease Activity Index (BASDAI).
Toussirot, et al failed to identify relationships between disease
activity measurements (ESR, CRP, and BASDAI) and BMD
levels16. In contrast, a reduced lumbar spine BMD was also
detected in AS patients with higher levels of ESR or CRP17.
With the inclusion of ESR and CRP measurements in our
study, we also confirmed that there was a significant negative
correlation between BMD levels of the lumbar spine and acute
phase reactants (ESR and CRP), but not with BMD levels of
the femur. However, the association between BMD levels and
diverse disease activity variables such as BASRI, ESR, and
CRP should be determined in larger studies.

A previous study proposed the limitations of using only
lumbar spine BMD measurement to predict the risk of vertebral fractures in AS patients2-4. In this study, we also failed to
identify a correlation between vertebral fractures and lumbar
BMD levels. Calcified paravertebral structures such as syndesmophytes and calcification of ligaments interfere with
accurate measurement of lumbar BMD by AP DEXA. If
measurements of lumbar BMD are assessed by AP DEXA,
potential for overestimation for lumbar BMD in AS patients
remains. Despite this weakness of AP lumbar DEXA, we
identified lumbar BMD levels in AS patients that were lower
than in controls. Quantitative computed tomography or a lateral projection of the lumbar spine by DEXA reflecting more
accurate results than AP lumbar DEXA in determining the
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Table 3. Comparison of characteristics between patients with ankylosing spondylitis (AS) with or without vertebral fractures.
Variables, mean ± SD

Age, yrs
Body mass index, g/m2
Disease duration, mo
Schober’s index, cm
Finger-to-ground test, cm
ESR, mm/h
CRP, mg/dl
BASRI score of lumbar spine, 0–4
Syndesmophyte score, 0–3
BMD of lumbar spine, g/cm2
L2
L3
L4
BMD of femur, g/cm2
Neck
Greater trochanter
Intertrochanter
Ward’s triangle

AS without Vertebral
Fractures, n = 57

AS with Vertebral
Fractures, n = 11

0.94 ± 0.15
0.95 ± 0.17
0.96 ± 0.15

0.90 ± 0.11
0.92 ± 0.14
1.00 ± 0.11

30.2 ± 6.6
22.3 ± 3.4
81.2 ± 63.4
3.6 ± 2.2
18.9 ± 14.4
37.9 ± 34.1
2.7 ± 2.8
1.3 ± 1.6
0.7 ± 1.0

0.79 ± 0.13
0.64 ± 0.11
1.00 ± 0.16
0.70 ± 0.17

p

33.3 ± 5.7
22.5 ± 2.8
110.4 ± 70.6
1.9 ± 1.2
31.6 ± 11.1
32.6 ± 32.6
1.7 ± 2.1
3.3 ± 1.3
1.6 ± 1.0

0.153
0.854
0.176
0.001
0.007
0.632
0.250
< 0.001
0.007

0.71 ± 0.08
0.64 ± 0.07
0.85 ± 0.12
0.59 ± 0.15

0.065
0.955
0.007
0.075

0.505
0.625
0.424

BMD: bone mineral density; SD: standard deviation; L: lumbar spine; ESR: erythrocyte sedimentation rate;
CRP: C-reactive protein; BASRI: Bath Ankylosing Spondylitis Radiological Index.

Table 4. Multiple logistic regression analysis for cofactors that affect vertebral fractures in ankylosing spondylitis.
Cofactors

Age, yrs
Schober index, cm
Finger-to-ground test, cm
BASRI score of lumbar spine, 0–4
Syndesmophyte score, 0–3
BMD of femur, g/cm2
Intertrochanter

Presence of Vertebral Fractures
Beta
padj
0.091
0.493
0.025
0.676
0.526

–10.792

0.405
0.243
0.555
0.277
0.500
0.041

padj: adjusted p value was calculated by analysis between vertebral fractures and cofactors including age, Schober distance, finger-to-ground distance, lumbar BASRI scores, lumbar syndesmophyte scores, and intratrochanteric femoral BMD.

bone mass in AS has been suggested18,19. Additional studies
examining the accuracy of these new methods for determining
BMD measurements of the lumbar spine are required.
It has been generally accepted that there are no significant
differences in lumbar or femur BMD levels in AS patients
with fractures compared to those without fractures. However,
in our study, we observed differences in intertrochanteric
femur BMD level, clinical variables such as Schober’s Index,
finger-to-ground distance, and radiological scoring systems
for AS including BASRI scores and syndesmophyte scores,
between the AS patients with and those without fractures.
Until now, no correlations between vertebral fractures and
BMD levels of the lumbar or femur bones have been
observed2,4. However, Donnelly, et al suggested the possibili1640

ty that the reduced femur neck BMD level might help to identify the risk of vertebral fractures, even though their observations did not reach statistical significance4. Our study determined that intertrochanteric BMD levels were associated with
vertebral fractures using a multiple logistic regression analysis, although statistical significance for other clinical or radiological variables was not observed. Our study shows that
BMD level of femur offered more accurate results than that of
lumbar spine in determining the bone mass in patients with
AS. In addition to lumbar spine fracture, cervical and/or thoracic spine fractures have also been identified in patients with
AS. However, it seems that assessment of only lumbar spine
fracture is also a limitation of our study, although previous
studies did not assess spinal fractures from cervical to lumbar
spine2,4.
Our results suggest that measurement of femur BMD may
provide useful information to predict the risk of vertebral fractures in patients with AS, but not in all investigated regions of
the femur. Larger studies are required to determine the diagnostic implications of femur BMD measurement for increased
risk of vertebral fracture in AS.
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