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Abstract
Summary Vertebral fracture assessment (VFA) with densi-
tometric devices uses less radiation than spinal radiography.
We assessed risk of new vertebral fracture (VF) in women
with baseline fracture identified on VFA using algorithm-
based qualitative diagnosis. Women with VF had signifi-
cantly greater risk of VF after 6 years compared to those
without baseline fracture.

Introduction Prevalent VFs predict future fracture and are
identifiable on vertebral fracture assessment (VFA) using
bone densitometry devices. We have previously performed
cross-sectional, but not longitudinal, VFA using the
algorithm-based qualitative method (ABQ). We aimed to
examine the prevalence and incidence of VF and test the
association between prevalent and incident VF identified by
ABQ VFA.
Methods We used ABQ to assess vertebral images obtained
at baseline and 6 years (Hologic devices) in 674 women at
ages 39 to 80 years participating in the Osteoporosis and
Ultrasound Study. Criteria for prevalent and incident VF
were endplate fracture, with/without cortical fracture. We
compared proportions (chi-squared test) and characteristics
(two-sample t tests and analysis of variance) of women with
and without VF and calculated odds ratios for incident VF
in women with prevalent VF (logistic regression).
Results Prevalent VF was identified in one premenopausal
woman and 41 postmenopausal women. Incident VF was
identified in 18 postmenopausal women. Odds ratios (95%
CI) for incident VF in postmenopausal women with
prevalent VF were 7.8 (2.8, 22.1) (unadjusted) and 4.3
(1.4, 13.7) (adjusted for age and bone mineral density,
BMD). Women with prevalent or incident VF were older
(P<0.01), with lower hip BMD (P<0.001) compared to
women without VF.
Conclusions Population-based postmenopausal women had
relatively low prevalence and incidence of VF analysed
with the ABQ method applied to VFA. Women with
prevalent fracture had a significantly greater risk of incident
VF than women without prevalent fracture.
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Introduction

Baseline (prevalent) vertebral fracture is a powerful
independent predictor of future fracture risk [1], but many
fractures do not come to clinical attention. One of the
reasons for this is that spinal radiographs are not routinely
obtained due to the risks of exposure to ionising radiation.
However, diagnostic vertebral images can now be obtained
by means of x-ray absorptiometry. This technique, known
as vertebral fracture assessment (VFA), uses less radiation
than is required to obtain a conventional radiograph of the
spine [2]. The approach recommended by the International
Society for Clinical Densitometry for definition of fractures
in VFA is the identification of vertebral height that is at
least 20% shorter than expected [3, 4]. This approach is
based on the Genant semiquantitative classification [5]
which is integrated into the vertebral analysis software on
both Hologic and GE Lunar devices. Fractures may be
identified visually and confirmed quantitatively using the
manufacturer's analysis software.

In Sheffield, we use a diagnostic approach that
requires evidence of endplate fracture, with no minimum
requirement for apparent reduction in vertebral height,
namely the algorithm-based qualitative method (ABQ)
[6]. We have published data on the application of the ABQ
method to VFA for visual diagnosis of prevalent vertebral
fractures [7, 8], but have not previously used the method
in longitudinal VFA. Image quality is an important
consideration in the ABQ definition of fracture, because
of the emphasis on visual assessment of the endplate. We
wished to evaluate the accuracy of the ABQ definition of
prevalent vertebral fracture on VFA by testing the
association with incident vertebral fractures. The main
aim of this study was to test the association between
prevalent and incident vertebral fractures identified by
ABQ on VFA. We also wished to examine the frequency of
prevalent and incident vertebral fracture identified using
this approach.

Methods

Study participants

We analysed vertebral images obtained from women
participating in the population-based Osteoporosis and
Ultrasound Study (OPUS). This was a prospective study
based in five European centres, namely Aberdeen (Depart-
ment of Rheumatology, NHS Grampian, in association with
the University of Aberdeen, Aberdeen, UK), Kiel (Medi-
zinische Physik, Klinik fur Diagnostische Radiologie,
Univesitätsklinikum Schleswig-Holstein, Campus Kiel,
Kiel, Germany), Paris (Centre d'Evaluation des Maladies

Osseuses, Service de Rhumatologie, Assistance-Publique,
Hopital Cochin, Universite Rene Descartes, Paris,
France) and Sheffield (Metabolic Bone Centre, Northern
General Hospital, UK) [9]. Baseline visits (1999 to 2001)
were attended by 463 premenopausal women, ages
20–39 years, and 2,399 postmenopausal women, ages
55–80 years. Exclusion criteria for entry into the study
were disorders that precluded valid quantitative ultrasound
measurements or general inability to undergo the study
examinations. UK women were recruited from local
general practices, German women were randomly selected
from government registers and French women were
randomly selected from the registers of a complementary
health insurance system. All study participants who had
attended baseline visits were invited for follow-up visits at
6 years, and 62% of them responded positively (Fig. 1).
The analysis reported here is based on a subset of women
who attended both baseline and follow-up for VFA using
Hologic devices, and for whom viable VFA scans were
available for both visits. Thus, the subset analysis was
restricted to women examined in Kiel, Paris and Sheffield.
We excluded women who were scanned using Lunar GE
devices (Aberdeen and Berlin) because we were unable to
read these images in Sheffield. The Hologic devices in
Kiel, Paris and Sheffield were upgraded between baseline
and follow-up visits, which resulted in loss or corruption
of some baseline scans. The final number of women
included in the current analysis was 674 (73 premeno-
pausal, 601 postmenopausal).

Vertebral imaging and bone density assessments

Vertebral images were obtained using a Hologic QDR
4500A or Discovery A densitometer (Hologic Inc, Bedford,
MA). The spine was imaged in the posterior–anterior and
lateral projections to include vertebrae T4 and L4. Bone
density scans of the lumbar spine and hip were acquired by

Fig. 1 Study participants included in the subset analysis of
longitudinal VFA
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dual-energy x-ray absorptiometry using the same devices.
Areal bone mineral density (BMD) measurements were
standardised and cross-calibrated across centres; these
procedures were performed at the coordinating centre in
Kiel. Vertebrae were excluded from the calculation of mean
BMD if there was evidence of fracture on the bone density
scan; women with more than two fractures between L1 and
L4 were excluded from the analysis of spine BMD.
Vertebrae with evidence of degenerative change were not
excluded from BMD estimates.

Assessment of vertebral images

The vertebral images were viewed using the Hologic
Discovery analysis software version 12.0. Vertebrae T4
through L4 were assessed visually by a single reader (LF)
using the ABQ approach [6] and blinded to the age and
identity of each participant. Prevalent vertebral fractures
were identified first from baseline images without reference
to those acquired at follow-up. Incident vertebral fractures
were identified by comparing 6-year follow-up and baseline
images.

Prevalent vertebral fracture was identified on baseline
images when the appearances were in keeping with
endplate fracture, with or without fracture of the cortex
[6]. The baseline vertebral images were categorised as
either fracture-positive, when there was evidence of one or
more vertebral fractures with or without the appearance of
‘reduced’ (short) vertebral height in unfractured vertebrae,
or fracture-negative (no evidence of fracture). The severity
of fracture was estimated subjectively. Fractures were
recorded as concave (fracture at one endplate), biconcave
(fracture at both endplates), wedge (concave fracture plus
fracture of the anterior cortex) or crush (concave fracture
plus fracture of the anterior, lateral and posterior cortices).
Fractures were graded mild if vertebral height appeared
reduced by up to 25% or moderate/severe if vertebral height
appeared reduced by more than 25%. This approach is
similar to the Genant semiquantitative (SQ) approach to
grading fracture severity in which the thresholds for
reduction in vertebral height are 20–25% (grade 1, mild),
25–40% (grade 2, moderate) and >40% (grade 3, severe)
[5]. The difference between the ABQ and SQ methods is
that when there is evidence of fracture at the endplate, there
is no minimum threshold for apparent reduction in vertebral
height using the ABQ method. Hence, fracture may be
identified by ABQ when vertebral height appears reduced
by less than 20%. Fracture and vertebral height can be
difficult to assess accurately on an image affected by
oblique projection due to inaccurate patient positioning or
to the parallax effect (due to the divergence of the x-ray
beam). These effects give the endplates an elliptical
appearance that may mask, or give a false appearance of

endplate fracture. When using the ABQ method, this
problem is addressed by checking the symmetry of the
endplates. However, the parallax effect is less problematic
in VFA due to the different beam geometry used in x-ray
absorptiometry, compared to conventional radiography (fan
versus cone beam).

Baseline images without evidence of vertebral fracture
were further sub-categorised as normal (vertebral heights
appeared normal), or non-fracture short vertebral height
(SVH) when one or more vertebral heights appeared
‘reduced’ (in comparison to the variation we would
normally expect to see within and between vertebrae)
without evidence of endplate fracture. The reason for this
was to determine whether SVH was significantly associated
with incident vertebral fracture, to evaluate the impact of
excluding SVH from the definition of prevalent vertebral
fracture. Vertebral heights were not measured, and a
minimum threshold for ‘shortness’ of height compared to
expected appearances was not applied.

Incident vertebral fracture was identified when the
appearances of a vertebra classified fracture-negative at
baseline fulfilled the ABQ criteria for definition of a
prevalent vertebral fracture [6]. For the purposes of this
analysis, 6-year follow-up scans were categorised as
fracture-positive (one or more new vertebral fractures in
previously unfractured vertebrae) or fracture-negative (no
new fractures). The follow-up images were not sub-
categorised by SVH because we would not expect to see
significant changes from baseline within this timescale.

Data analysis

We calculated the number and percent of women with
vertebral fracture at baseline and 6 years, respectively. In
women who were fracture-negative at baseline, we calcu-
lated the number and percent of women with SVH. In
women with incident vertebral fractures at 6 years, we
compared the proportions of women who had been
identified fracture-positive or fracture-negative at baseline
and the proportions of women who had been identified
normal/SVH at baseline (chi-squared test). Mean baseline
values for age, height, weight and BMD were compared in
women with and without vertebral fractures using the two-
sample t test. Odds ratios (ORs) for incident vertebral
fracture were calculated for women who were identified
fracture-positive at baseline and for women with non-
fracture SVH at baseline using logistic regression. We also
performed logistic regression with adjustment for baseline
variables that were significantly associated with presence of
vertebral fracture. Statistical analysis was performed using
MedCalc® version 11.3.3.0 (MedCalc Software bvba) and
SPSS version 12. We used a threshold of P<0.05 to indicate
statistical significance.
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Results

Frequency of vertebral fracture at baseline and 6-year
follow-up

In this subset of the OPUS population, only one premen-
opausal woman had vertebral fracture identified at baseline,
and there were no incident vertebral fractures in this age
group. Forty-one postmenopausal women were identified
with prevalent vertebral fractures at baseline (Table 1); this
represents 7% of the full postmenopausal OPUS popula-
tion. Eighteen postmenopausal women were identified with
incident vertebral fracture at 6 years (3% of the postmen-
opausal subset). The distribution of fractures by vertebral
level is shown in Fig. 2. Ten percent of vertebrae could not
be reliably assessed due to poor image quality: these were
predominantly between vertebrae T4 and T6.

Among postmenopausal women with incident vertebral
fracture, a significantly greater proportion had been
identified with prevalent vertebral fracture at baseline
compared to those identified fracture-negative (P<0.0001)
(Table 1). Among postmenopausal women with no preva-
lent vertebral fracture at baseline, there was no difference in
the proportions of women with (3%) or without SVH (2%)
who went on to sustain incident vertebral fracture (P=
0.640) (Table 1).

Characteristics of postmenopausal women
with and without vertebral fracture

Postmenopausal women with prevalent vertebral fracture at
baseline were significantly older (P<0.0001) and had
significantly lower total hip BMD (P<0.0001) compared

to women who were fracture-negative (Table 2). Women
with incident vertebral fractures at 6 years were also older
(P=0.002) with lower total hip BMD (P=0.001) compared
to women without incident fractures. There was a trend
towards lower lumbar spine BMD in women with incident
vertebral fractures (P=0.086) (Table 3). The results were
similar when means were compared in women with
incident vertebral fracture and women without vertebral
fracture at either baseline or follow-up (Table 3).

Association between prevalent and incident vertebral
fractures

In postmenopausal women, incident vertebral fracture at 6 years
was significantly associated with prevalent vertebral fracture
identified at baseline. The unadjusted OR for incident vertebral
fracture was 7.8 (95% CI 2.8, 22.1). The OR remained
significant after adjustment for age and total hip BMD (Table
4). The unadjusted OR for women with only mild prevalent
vertebral fracture was 5.3 (95% CI 1.4, 19.8); after adjustment
for age and total hip BMD, the OR was 3.7, but the
confidence intervals spanned zero (0.9, 14.7) (Table 4).
Among postmenopausal women without prevalent vertebral
fracture at baseline, there was no association between SVH
and incident vertebral fracture (P=0.748) (Table 4).

Discussion

We performed the first analysis of longitudinal VFA using the
ABQ method, in a subset of the OPUS population-based
cohort. The prevalence of postmenopausal women with
prevalent vertebral fracture at baseline was 7%; in premeno-
pausal women, it was <1%. Incident vertebral fractures were

Table 1 Classification of vertebral images at baseline and 6 years in
postmenopausal women

Baseline
classification

Incident VF, n
(% of baseline
classification)

No incident VF,
n (% of baseline
classification)

Prevalent VF 6 (15) 35 (85)

No prevalent VF 12 (2) 548 (98)

SVH, no
prevalent VF

6 (3) 222 (97)

No SVH, no
prevalent VF

6 (2) 367 (98)

Vertebral images were obtained using a Hologic fan-beam densitom-
eter. Baseline images were classified using the ABQ method [6].
Results are presented as the number of women (n) with or without
incident VF according to baseline classification. The values in
parentheses represent the percentage of women in each category of
baseline classification. In the premenopausal group, one woman was
identified with prevalent vertebral fracture; there were no incident
vertebral fractures in this age group.

Fig. 2 Prevalent and incident vertebral fractures identified in 601
postmenopausal women studied at baseline and 6 years. Vertebral
images were obtained using a Hologic fan-beam densitometer.
Vertebral fractures were identified by the ABQ method [6]. Results
are presented as the frequency of fracture at each vertebral level
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identified at 6-year follow-up in 3% of postmenopausal
women. Prevalent vertebral fracture in postmenopausal women
was associated with an eightfold greater risk of incident
vertebral fracture (P<0.001). The greater risk remained
significant after adjusting for age and BMD (OR 4.3).

The prevalence of vertebral fracture in this postmeno-
pausal subset of OPUS is the same as in a previous study of
postmenopausal women in which the ABQ method was
used to identify vertebral fractures from spinal radiographs
[10]. That study was also population based and included
women of a similar age range (50 to 85 years at baseline) to
our postmenopausal subset. In our earlier cross-sectional
VFA study (OPUS baseline), the prevalence of women with
vertebral fracture identified by ABQ was 9% [7]; that
analysis was based on UK women only, whereas the current
analysis also included women from Paris and Kiel.

The ABQ method generally identifies fewer prevalent
fractures than other approaches [8, 11] which might explain
the lower prevalence in this compared to other recent VFA
studies [12–16]. We could have failed to detect some
fractures due to poor differentiation of the vertebral
endplates on VFA, but the relatively low prevalence
identified by ABQ may also reflect differences in the
criteria used to define fracture. Non-fracture SVH was
identified in 39% of the postmenopausal women without

prevalent vertebral fracture in this subset, and we could
have misclassified some women with true fractures within
this group. However, SVH was not significantly associated
with low bone density in this subset, nor was it significantly
associated with incident vertebral fracture identified on
VFA (Table 4). Nevertheless, our results need to be
interpreted cautiously due to the small number of vertebral
fractures and limited power.

To date, the ABQ method has not been recommended for
use in VFA [3, 17] because until recently, there were no
data for evidence of a link with incident fractures. In the
current analysis, we observed a strong association between
prevalent fractures identified by ABQ and the incidence of
new vertebral fractures, even after adjustment for age and
BMD. This builds on recent evidence of a significant
association between ABQ prevalent vertebral fracture and
incident fracture identified on radiographs, in which women
with prevalent vertebral fracture had a relative risk of 5.8
for incident vertebral fracture (univariate analysis) [10].

Previous studies have established that VFA may be a
useful tool to identify patients with vertebral fractures that
may not otherwise have been detected on the basis of bone
density alone [18–20]; our current analysis strengthens the
case for using VFA alongside other fracture risk assessment
tools. To our knowledge, the predictive power of VFA for

Table 2 Baseline characteristics of postmenopausal women with and without prevalent vertebral fracture identified at baseline

Prevalent VF n No prevalent VF n P value

Age, years 69.5 (7.2) 41 64.6 (6.4) 560 <0.0001

Height, cm 160.2 (5.2) 41 160.5 (6.3) 560 0.713

Weight, kg 68.4 (13.5) 41 67.1 (12.0) 560 0.501

LS BMD, g/cm2a 0.996 (0.175) 37 1.042 (0.172) 557 0.116

TH BMD, g/cm2a 0.819 (0.154) 41 0.896 (0.128) 558 0.0003

Vertebral images were obtained using a Hologic fan-beam densitometer. Results are presented as mean (SD) for women with or without prevalent
VF identified by the ABQ method [6]. P values are for comparison of means (two-sample t test). n number of women included in the comparison
of means, LS BMD lumbar spine BMD, TH BMD total hip BMD
aMeasurements unavailable for some study participants

Table 3 Baseline characteristics of postmenopausal women with and without incident vertebral fractures at 6-year follow-up

Incident VF n No incident VF n P value No prevalent or incident VF n P value

Age, years 69.7 (7.1) 18 64.8 (6.5) 583 0.002 64.5 (6.3) 548 0.001

Height, cma 161.8 (7.9) 18 160.5 (6.1) 582 0.375 160.5 (6.2) 547 0.382

Weight, kga 65.4 (13.0) 18 67.2 (12.1) 582 0.523 67.1 (12.0) 547 0.550

LS BMD, g/cm2a 0.969 (0.102) 17 1.041 (0.173) 577 0.086 1.044 (0.172) 545 0.074

TH BMD, g/cm2a 0.791 (0.141) 18 0.894 (0.130) 581 0.001 0.898 (0.128) 546 0.001

Vertebral images were obtained using a Hologic fan-beam densitometer. Results are presented as mean (SD) for women with or without incident
VF identified by the ABQ method [6]. P values are for comparison of means in women with and without incident fractures (two-sample t test). n
number of women included in the comparison of means, LS BMD lumbar spine BMD, TH BMD total hip BMD
aMeasurements unavailable for some study participants
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future osteoporotic fracture has only been reported in one
previous publication; this was a study of older patients
screened for entry into a clinical trial of clodronate [21]. In
that analysis, vertebral fractures were identified by the
McCloskey morphometric algorithm, with visual differen-
tial diagnosis of non-osteoporotic deformities. Odds ratios
for incident vertebral fractures were not reported, but
women with prevalent vertebral fracture identified on VFA
had an OR of 2.0 for hip fracture and 2.29 for any
osteoporotic fracture, and these remained statistically
significant after adjusting for age, BMD and treatment.

Our study had some limitations. Seventy-three percent of
postmenopausal women who attended OPUS at baseline
returned for follow-up visits at 6 years; our postmenopausal
subset represented only 34% of OPUS returners. On
average, our subset was broadly similar to the full
population in terms of baseline characteristics, but the
women in our subset did have higher total hip BMD (P<
0.001) and higher broadband ultrasound attenuation at the
heel (P<0.01) (post hoc analysis). However, site-specific
differences in BMD were observed across the whole of the
OPUS study [22]. Nevertheless, the incidence of vertebral
fracture in our subset may have been lower than might have
been observed in the full baseline population; thus, our
results may not be directly applicable to the wider
population. The relatively low prevalence and incidence
of vertebral fractures in our study population may also have
limited the power of our statistical analyses. Fracture
assessments made from spinal radiographs are generally
considered the gold standard, but we did not have access to
ABQ radiographic readings for direct comparison with
ABQ VFA in this subset. Our analysis was based on images
acquired by Hologic devices only: different results might be
obtained using other manufacturers' machines because of
slight differences in the way that vertebral images are
acquired and processed.

Conclusions: population-based postmenopausal women
had relatively low prevalence and incidence of vertebral
fracture identified by VFA using the ABQ method. Women

with prevalent vertebral fracture had a significantly greater
risk of incident vertebral fracture compared to women
without prevalent fracture.
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