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Abstract
Summary In women older than 60 years with clinical risk
factors for osteoporosis but without osteoporosis based on
bone mineral density (T-score≥−2.5), a systematic survey
with X-rays of the spine identified previously unknown
vertebral deformities in 21% of women.
Introduction This study determines the prevalence of
vertebral deformities in elderly women with clinical risk
factors for osteoporosis but with BMD values above the
threshold for osteoporosis (T-score≥−2.5).
Methods Bisphosphonate naïve women older than 60 years
attending 35 general practices in the Netherlands with ≥2
clinical risk factors for osteoporosis were invited for BMD
measurement (DXA). In women with T-score≥−2.5 at both

spine and the hips, lateral radiographs of the thoracic and
lumbar spine were performed.
Results Of 631 women with a DXA measurement, 187
(30%) had osteoporosis (T-score<−2.5 at the spine or
the hip). Of the remaining 444 women with T-score≥−2.5
at both spine and hip, 387 had additional spine radio-
graphs, of whom 80 (21%) had at least one vertebral
deformity.
Conclusion In elderly women with clinical risk factors
for osteoporosis but BMD T-score≥−2.5, addition of
spine radiographs identified vertebral deformities in
21% (95% CI: 17–25). Since these women are at risk
of future fractures, antiosteoporotic treatment should be
considered.
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Introduction

Primary osteoporosis is a chronic, progressive, and age-
related bone disease. It is characterized by low bone mass
and structural deterioration of bone tissue which causes
bones to become more fragile over time, increasing their
susceptibility to fracture. Approximately 55% of individuals
50 years of age and over are at risk or may have evidence of
osteoporosis [1, 2]. Although osteoporosis itself is a silent
disease, its long-term clinical consequences, the occurrence
of fractures, have a significant impact on quality of life,
morbidity, and mortality. In the Netherlands, the prevalence
of osteoporosis in women of 55 years and older is estimated
at 166 per 1,000 giving a total estimate of 344,200 women
while the prevalence of severe vertebral deformities is 237
per 1,000 women of 55 years and older giving a total
estimate of 237,000 women [3, 4].

Identification of patients at risk for osteoporotic fractures
and subsequent treatment is generally based on assessment
of clinical risk factors followed by measurements of bone
mineral density (BMD) by dual-energy X-ray absorptiom-
etry (DXA) [5]. Spine radiographs are not recommended in
current guidelines of fracture risk assessment despite the
importance of vertebral deformities as an independent risk
factor for fractures and the success of therapeutic inter-
ventions in individuals with prevalent vertebral fractures.
However, results from the European Prospective Osteopo-
rosis Study underlined the importance of spine radiographs
in the estimation of risk-based algorithms for fracture
prediction [6].

In the present study, we assessed the prevalence of
vertebral deformities in elderly women with clinical risk
factors for fractures but without osteoporosis according to
bone mineral density measurements.

Materials and methods

The study was conducted in 35 primary care centers in the
Netherlands among women ≥60 years.

Women without a registered diagnosis of osteoporosis
who had never received bisphosphonate treatment were
evaluated for the presence of clinical risk factors for
fractures. For every woman, a risk factor score was
calculated as recommended by the national guideline that
included ‘Early menopause’ and ‘Moderate dose of cortico-
steroids’ as additional risk factors (Table 1). The risk factors
have been assessed by Evidence Based Medicine criteria and
were published in the monograph “Osteoporose; tweede

herziene richtlijn” (Osteoporosis; second revised guideline)
which includes also a full cost-effectiveness analysis and is
distributed to all Dutch physicians [7]. Women with a risk
score ≥2 were invited for a BMD measurement by DXA.
Information about the total number of screened women who
did not accept BMD measurements was not obtained. BMD
measurements were performed in normal clinical practice at
the lumbar spine L2–4 anteroposterior view and the total hip.
Since this was a multicenter study, different DXA machines
were used. T-scores were determined according to references
provided by the manufacturers. Calibration was performed
on a daily basis. If a woman accepted BMD measurement
and if the DXA result was not diagnostic of osteoporosis (T-
score≥−2.5 at both spine and the hips) radiographs of the
thoracic and the lumbar spine were performed (lateral and
anteroposterior). All radiographs were examined centrally for
the presence of vertebral deformities by a radiologist who
was unaware of the patients’ risk scores by the semiquan-
titative method of Genant [8].

Results

A total of 660 women with risk scores ≥2 were enrolled
into the study across 35 centers in the Netherlands. Twenty
nine withdrew from the study and did not have a DXA-
scan. The remaining 631 women agreed to have a DXA-
scan and of those 187 (30%; 95% CI: 26–33) had
osteoporosis (T-score <−2.5 at the spine and/or at the hip).
Of the 444 women with T-scores≥−2.5 at both spine and
the hips, 387 agreed to have an additional x-ray, and 57
women did not agree. These 57 women were slightly
younger (68 versus 71 years; p<0.0005), and more often
were menopausal before the age of 45 (54% versus 31%;
p=0.005). Six patients had an X-ray unsuitable for

Table 1 Extended risk factor analysis based on CBO Osteoporosis
guideline 2002 [5]

Risk factors Score

Fracture after age of 50 yearsa 2
Existing vertebra fracture 2
Low body weight (<67 kg) 1
Current serious immobilizationb 1
Positive familial history for fragility fractures
(particularly hip fracture in mother)a

1

Early menopause (before age of 45) 1
Current use of corticosteroids for at least 3 months
(≥7.5 mg prednisone (equivalent) daily)

2

Current use of corticosteroids for at least 3 months
(≤7.5 mg and ≥2.5 mg prednisone (equivalent) daily)

1

Total risk score

a Rating based upon clinical judgment
b Not walking for ≥4 weeks in the last year
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evaluation and were excluded. Eighty out of 381 women
(21%; 95% CI: 17–25) had at least one vertebral deformity
on spine radiographs (Fig. 1). However, it should be noted
that 19 (24%) of these patients were already known with
vertebral fractures, but no therapeutic action had been
undertaken. Excluding all patients with known vertebral
fractures, 61 (17%) out of 358 patients with a BMD score
T≥2.5 had vertebral fractures. Patient characteristics are
listed in Tables 2 and 3. So, in the current study, 574
women followed the full case-finding protocol (631 minus
57 women who refused to undergo an X-ray). A total of
267 women qualified for osteoporosis (187 women with a
BMD T<2.5 plus 80 women with vertebral fractures on
X-ray). With this case-finding strategy, 47% (267/574) of
the selected women (risk factors for osteoporosis and age
60 years or older) who followed all steps of the protocol

qualified for osteoporosis treatment according to the
guideline.

Discussion

Epidemiological studies have demonstrated that a signifi-
cant number of individuals with incident osteoporotic
fractures have BMD values above the WHO diagnostic
threshold of osteoporosis (T-score≥−2.5) [9–12]. Findings
of a recent study indicate that at any given BMD T-score,
the risk of incident vertebral, non-vertebral, and any
fracture depended heavily on prevalent radiographic verte-
bral fracture status. For any given BMD T-score, the risk of
an incident vertebral, non-vertebral fragility, and any
fracture differs by up to twelve times, two times, and seven

Table 2 Patient demographics at baseline

Women with a DXA-scan
N=631

Women with an X-ray
N=381a

Age mean [range] 71[59–94] 71[59–94]
Height mean [range] 162[137–185] 163[146–185]
Weight mean [range] 69[40–120] 70 [46–120]
Race (Caucasian/ oriental/other) 99.1/0.6/0.3 99.2/0.5/0.3
Fracture after age of 50 yearsb 70% 70%
Known existing vertebral fracture 7% 6%
Low body weight (<67 kg) 46% 41%
Low body weight (<60 kg) 25% 20%
Current serious immobilizationa 15% 14%
Positive familial history for fragility fractures
(particularly hip fracture in mother)b

2% 1%

Early menopause (before age 45) 31% 31%
Current use of corticosteroid ≥3 months (<7.5 mg
and ≥2.5 mg prednisone (equivalent) daily)

31% 34%

Current use of corticosteroids ≥3 months (≥7.5 mg
prednisone (equivalent) daily)

2% 2%

Six patients with X-ray unsuitable for evaluation not included
a Not walking for >4 weeks in the last year
b Rating based upon clinical judgment

Fig. 1 DXA + T-score<−2.5,
DXA − T-score≥−2.5, X-ray +
vertebral fracture present,
X-ray − no vertebral fracture
present
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times, respectively, when information regarding spine
fractures is considered [13]. Even when corrected for
BMD, prevalent vertebral fractures increase the risk of
future fracture up to fivefold [14, 15]. Therefore, assess-
ment of vertebral fracture status, in addition to BMD,
provides practical and relevant clinical information to aid in
predicting fracture risk in postmenopausal women and in
the selection of treatment. Since prevalent fractures in non-
osteoporotic women have a very high predictive value for
future fractures, it can safely be assumed that treatment of
women with risk factors and prevalent vertebral fractures
but non-osteoporotic BMD-scores will be highly cost
effective.

Prior fractures that can be broadly considered as
indicative of structural failure of the skeleton, increase
significantly the risk of new fractures, and are often
included in case-finding algorithms. Information about
clinical fractures is easily obtained from the history of the
patients. However, the most common and typical osteopo-
rotic fractures, these of the vertebrae, are mainly asymp-
tomatic. Yet, radiologically diagnosed vertebral deformities
are associated with deterioration of certain aspects of the
quality of life of the patients and numerous studies,
confirmed by meta-analysis, have shown them to be strong,
independent determinants of new osteoporotic fractures at
several skeletal sites, including the hip [13, 16, 17]. Despite
these and the efficacy of antiosteoporotic medications in
patients with vertebral deformities, current case-finding
strategies do not include spine radiographs in the selection
of patients for treatment. Moreover, prospective evaluation

of such strategies in general practice is scarce. The use of
case-finding solely in order to select patients for BMD
measurement with DXA will therefore still miss many
patients at high risk for fractures. We found vertebral
fractures on spine radiographs in 21% of the postmeno-
pausal women with a positive risk profile for osteoporosis
but who did not fulfill the WHO criteria for osteoporosis.
This confirms the poor sensitivity of BMD measurements
in identifying women requiring treatment.

In this prospective study, 30% of women with estab-
lished clinical factors for fractures had osteoporosis. The
addition, however, of spine radiographs in the evaluation of
women with BMD T-scores ≥−2.5 helped to identify, in
addition, a substantial number of women in whom
treatment is indicated. Remarkably, the presence of verte-
bral deformities was already known in about 25% of these
women but no action had been taken by their general
practitioners. While this finding underscores the lack of
specific symptoms in women with vertebral deformities, it
illustrates also the attitude of physicians towards their
presence despite their clinical importance [18]. Therefore,
our results obtained in women at risk for osteoporotic
fractures, are in agreement with previous studies that have
examined the overall prevalence of vertebral fractures in
cohorts of men and women. They differ, however, from
previously reported studies in that we have prospectively
selected women with clinical risk factors for fractures and
we subsequently characterized those most likely to benefit
from an intervention according to a step-wise protocol. The
described, easy to apply in clinical practice, approach

Table 3 Patient demographics according to DXA and X-ray outcome

DXA positive
N=187

DXA negative
N=444

X-ray positive
N=80

X-ray negative
N=301

Age mean [range] 72[60–88] 70[59–94] 72[60–86] 70[59–94]
Height mean [range] 161[145–178] 163[137–185] 163[148–180] 163[146–185]
Weight mean [range] 65[41–93] 71 [46–120] 71[48–120] 71[46–119]
Race (Caucasian/ oriental/other) 99.5/0.5/0 98.8/0.7/0.5 100/0/0 99.0/0.7/0.3
Fracture after age of 50 yearsa 73% 69% 78% 68%
Known existing vertebral fracture 10% 7% 24% 2%
Low body weight (<67 kg) 61% 40% 38% 42%
Low body weight (<60 kg) 39% 20% 25% 19%
Current serious immobilizationb 16% 15% 13% 15%
Positive familial history for fragility fractures
(particularly hip fracture in mother)a

2% 2% 0% 2%

Early menopause (before age 45) 23% 34% 23% 34%
Current use of corticosteroid ≥3 months
(<7.5 mg and ≥2.5 mg prednisone (equivalent) daily)

26% 33% 23% 37%

Current use of corticosteroids ≥3 months
(≥7.5 mg prednisone (equivalent) daily)

2% 2% 3% 2%

DXA positive=T-score <−2.5; DXA negative=T-score≥−2.5; X-ray positive=vertebral fracture present; X-ray negative=no vertebral fracture
present.
a Rating based upon clinical judgment
b Not walking for ≥4 weeks in the last year
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performs better than currently used algorithms in selecting
individuals for treatment. The additional contribution of the
diagnosed vertebral deformities to the 10-year fracture
probability in this population of women remains to be
estimated [19].

Nowadays, newer DXA machines with the capability to
assess vertebral fractures on lateral spine images (morphom-
etry X-rays absorptiometry; MXA) seem to be a good
alternative for conventional spinal radiographs because of
lower radiation exposure, and the possibility to perform both
examinations at the same time [20]. However, MXA is not
widely available and lateral spine images while allowing the
diagnosis of vertebral fractures at levels where they are most
common, i.e., the lumbar and mid and lower thoracic levels,
their value is weaker at the upper thoracic levels. MXA
appears less sensitive compared to lateral radiographs and
has a tendency for overestimation of low grade vertebral
fractures [21]. MXA, where available, might be considered
as a screening tool [22] and lateral radiographs can be
reserved for confirmation of suspected fractures that cannot
be clearly visualized.

Our study has several limitations. We kept no record of
women who were contacted by their GP based upon their case
record but did not agree to undergo a DXA. Furthermore, 13%
of women with normal BMD refused to have additional spine
radiographs. It is unclear what influence this may have had on
the final outcome of our study. Finally, DXA and vertebral
deformities results were captured in the case-record forms as
dichotomous parameters (positive=T-score<−2.5 at the spine
and/or at the hip or negative=T-score≥−2.5 at both the spine
and at the hip and present or absent vertebral deformities,
respectively) which did not allow additional analyses in
subgroups of women.

Conclusion

In this population of elderly women with clinical risk
factors for osteoporosis and BMD T-score≥−2.5, both at the
spine and the hips, addition of spine radiographs in the
overall risk assessment identified a substantial number of
women at high risk who can benefit from therapeutic
interventions. Spine radiographs, which are relatively cheap
and readily available world-wide, should therefore be
considered in these women and, in case of vertebral
fractures, antiosteoporotic treatment should be considered.
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