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Abstract

Introduction Despite vertebral fracture being a significant
risk factor for further fracture, vertebral fractures are often
unrecognised. A study was therefore conducted to deter-
mine the proportion of patients presenting with a non-
vertebral fracture who also have an unrecognised vertebral
fracture.

Methods Prospective study of patients presenting with a
non-vertebral fracture in South Glasgow who underwent
DXA evaluation with vertebral morphometry (MXA) from
DV5/6 to LV4/5. Vertebral deformities (consistent with
fracture) were identified by direct visualisation using the
Genant semi-quantitative grading scale.

Results Data were available for 337 patients presenting
with low trauma non-vertebral fracture; 261 were female.
Of all patients, 10.4% were aged 5064 years, 53.2% were
aged 65-74 years and 36.2% were aged 75 years or over.
According to WHO definitions, 35.0% of patients had normal
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lumbar spine BMD (T-score —1 or above), 37.4% were
osteopenic (T-score —1.1 to —2.4) and 27.6% osteoporotic (T-
score —2.5 or lower). Humerus (=103, 31%), radius—ulna
(n=90, 27%) and hand/foot (n=53, 16%) were the most
common fractures. For 72% of patients (n=241) the present-
ing fracture was the first low trauma fracture to come to
clinical attention. The overall prevalence of vertebral
deformity established by MXA was 25% (n=83); 45%
(n=37) of patients with vertebral deformity had deformities
of more than one vertebra. Of the patients with vertebral
deformity and readable scans for grading, 72.5% (58/80) had
deformities of grade 2 or 3. Patients presenting with hip
fracture, or spine T-score <—2.5, or low BMI, or with more
than one prior non-vertebral fracture were all significantly
more likely to have evidence of a prevalent vertebral
deformity (p<0.05). However, 19.8% of patients with an
osteopenic T-score had a vertebral deformity (48% of which
were multiple), and 16.1% of patients with a normal T-score
had a vertebral deformity (26.3% of which were multiple).
Following non-vertebral fracture, some guidelines suggest
that anti-resorptive therapy should be reserved for patients
with DXA-proven osteoporosis. However, patients who have
one or more prior vertebral fractures (prevalent at the time of
their non-vertebral fracture) would also become candidates
for anti-resorptive therapy—which would have not been the
case had their vertebral fracture status not been known.
Overall in this study, 8.9% of patients are likely to have had
a change in management by virtue of their underlying
vertebral deformity status. In other words, 11 patients who
present with a non-vertebral fracture would need to undergo
vertebral morphometry in order to identify one patient who
ought to be managed differently.

Conclusions Our results support the recommendation to
perform vertebral morphometry in patients who are
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referred for DXA after experiencing a non-vertebral
fracture. Treatment decisions will then better reflect any
given patient’s future absolute fracture risk. The “Number
Needed to Screen” if vertebral morphometry is used in
this way would be seven to identify one patient with
vertebral deformity, and 14 to identify one patient with
two or more vertebral deformities. Although carrying out
MXA will increase radiation exposure for the patient, this
increased exposure is significantly less than would be
obtained if X-rays of the dorso-lumbar spine were
obtained.

Keywords Low trauma fracture - Number needed to screen -
Osteoporosis - Vertebral fracture - Vertebral morphometry

Introduction

Osteoporosis may be defined as a ‘skeletal disorder
characterized by compromised bone strength predisposing
a person to an increased risk of fracture’ [1]. Overall,
osteoporotic or low trauma fractures are common - it has
been estimated that one in two women and one in five men
aged over 50 years will sustain at least one low trauma
fracture in their lifetime [2].

The fracture sites which most commonly come to
clinical attention include the distal radius (Colles’), prox-
imal femur (hip), humerus and ankle. In the Fracture
Liaison Service covering Glasgow, 82% of presenting
fractures were at these sites [3].

The spine is another key fracture site; however, it has
been estimated that only 30% of vertebral fractures receive
clinical attention - which means that the majority of patients
with vertebral fractures remain undetected [4]. It appears
that only those patients with the most severe vertebral
fractures come to clinical attention—it is likely that this is
due to higher levels of back pain and disability [4].

The European Prospective Osteoporosis Study (EPOS)
assessed vertebral fracture incidence in 3,174 men (mean
age 63.1 years) and 3,614 women (mean age 62.2 years)
over a mean of 3.8 years. The age-standardised incidence of
morphometric fracture was 10.7/1,000 person years in
women and 5.7/1,000 person years in men [6]. Vertebral
fracture incidence increased markedly with age in both men
and women. Indeed, the incidence in women aged 50-54
was 3.6/1,000 person years, rising to 29.3/1,000 person
years in women aged 75-79 [5].

Lateral dorsal and lumbar X-rays were used in the
European Vertebral Osteoporosis Study (EVOS) population
to identify vertebral fracture over an 8-year period. The
investigators found an incidence rate of 9.85/1,000 person
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years compared with 3.06/1,000 person years for hip
fracture, 4.28/1,000 person years for Colles’ fracture and
4.76/1,000 person years for other fractures [6].

Low trauma fractures have substantial consequences.
Although hip fracture has the greatest mortality and
morbidity, vertebral fracture is also associated with signif-
icant mortality and morbidity. In one study, patients with
vertebral deformity had a substantially higher risk of death
compared to patients without vertebral deformity, regard-
less of age, sex and BMD (mortality rate 30.3% versus
10.7% over a 14-year follow-up). The risk of death was
highest in those patients with a vertebral deformity who had
a subsequent symptomatic fracture [HR 9.0 (3.1-26.0)] [7].
In terms of morbidity, around 70% of patients with
symptomatic vertebral fracture complain of difficulty in
standing and 65% of difficulty in bending, and 41%
complain of constant pain [8].

It is well-established that the presence of one low trauma
fracture significantly increases the risk of a further fracture
[9-11]. In a systematic review carried out by Klotzbuecher
et al. [9], women with a single pre-existing vertebral
fracture, identified in eight studies at baseline by vertebral
morphometry and in another seven as clinical (symptomat-
ic) fractures, were 4.4-times more likely to have another
vertebral fracture than women without vertebral fracture.
Prior vertebral fracture also predicted non-vertebral frac-
ture: in women with vertebral fracture, the risk of hip
fracture was increased by 2.3-times, of Colles’ by 1.4-times
and of any non-vertebral fracture by 1.8-times. Fracture risk
increased even further with each additional vertebral
fracture; for example, the odds of a new vertebral fracture
in women with five or more prior vertebral fractures were
35-times greater than for women without prior vertebral
fracture.

Given that vertebral fracture is a significant risk factor
for further fracture, and that vertebral fractures often go
undiagnosed, this study set out to determine the proportion
of patients attending a Fracture Liaison Service following a
non-vertebral fracture who also have an unrecognised
vertebral fracture.

The standard method to assess vertebral fracture is
radiography of the thoraco-lumbar spine [12]. However,
there is no gold standard for the definition of osteoporotic
vertebral fracture. A number of methods have been
developed for interpretation of spinal X-rays, including
the Genant semi-quantitative method [13], which has been
used as a surrogate ‘gold standard’ in a number of key
osteoporosis studies. This approach is more objective and
reproducible than other qualitative methods [12]. Vertebral
morphometry using dual-energy X-ray absorptiometry
(DXA) also known as morphometric X-ray absorptiometry
(MXA) is a fast, low-radiation technique which produces
images that are of sufficient quality to be used to diagnose
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the presence of vertebral deformity consistent with fracture
[14].

Methods

The Fracture Liaison Service in South Glasgow has been
previously described [3]. This service assumes responsibil-
ity for all patients who present with a clinical low trauma
fracture and ensures that appropriate assessment, diagnosis
and treatment recommendations are made to prevent further
fracture. A low trauma fracture is defined as one sustained
from a standing height or less, and not occurring as a result
of a road traffic accident. Patients with skull or facial
fractures are not routinely offered assessment for osteopo-
rosis [3]. All patients aged 50 years or over identified by an
Osteoporosis Specialist Nurse have a DXA scan carried out
if they are likely to be candidates for bisphosphonate
therapy. It should be noted that patients aged over 70 years
presenting to this service after hip fracture do not have a
DXA scan carried out, since most of these patients have
osteoporosis and require therapy.

All patients who presented with a low trauma fracture
and who underwent DXA evaluation with vertebral
morphometry from DV5/6 to LV4/5 were included in this
prospective study. All scans were carried out on a Lunar
Prodigy densitometer using the Dual Energy Vertebral
Assessment (DVA) morphometry imaging software (ver-
sion 6.3). Vertebral fractures were identified by direct
visualisation using the Genant semi-quantitative grading
scale [17]. All scans were reviewed by and vertebral
deformities reported by the same physician (SJG). Al-
though Genant’s semi-quantitative grading is based on
analysis of X-rays and is not validated for MXA, it was
used in this study to assess vertebral status on MXA since it
provides a practical and pragmatic option.

Statistical analysis

Baseline differences that potentially explained observed
differences in morphometric vertebral fracture rates (sex,
age, body mass index, T-score and prior fracture history)
were clustered into pre-defined categories:

—  Sex: male/female
- Age: 50-64, 65-74, 75+
— Bodymassindex: Sl8kg/m2, 19-24, 25-29, >30 kg/mz;
also compared by quartiles
—  T-score: >—1, =24 to —1.1, <—2.5
—  Prior fracture history: yes/no
Contingency tables for each set of categories were

prepared and chi-squared values calculated to test for
overall interaction. Yates continuity correction was used

where 2x2 tables resulted. Where the overall result was
significant, individual pairwise comparisons and #-testing
were then carried out.

Results

Data was collected during the routine work of the FLS
between September 2004 and March 2005. The data was
analysed between July 2005 and July 2006.

Demographics

Data were available for 337 patients presenting with low
trauma fracture; 77.4% (n=261) were female. Of all
patients, 10.4% were aged 50—64 years, 53.2% were aged
65—74 years and 36.2% were aged 75 years or over. Mean
body mass index (BMI) was 24 kg/m? (SD 32); 6% (n=20)
had a BMI <18 kg/m?, 33% (n=112) between 19-24 kg/m?,
35% (n=118) between 25-29 kg/m? and 26% (n=87)
>30 kg/m® According to WHO definitions, 35.0% of
patients had normal lumbar spine BMD (T-score —1 or
above), 37.4% were osteopenic (T-score —1.1 to —2.4) and
27.6% were osteoporotic (T-score —2.5 or lower).

Humerus (n=103, 31%), radius—ulna (n=90, 27%) and
hand/foot (n=53,16%) were the most common presenting
fractures (see Fig. 1). Other fracture sites included hip
(n=16, 5%), clavicle (n=11, 3%), rib (n=7, 2%), tibia-fibula
(n=8, 2%), pelvis—pubic rami (n=7, 2%) and olecranon,
patella, scapula, sternum and shaft of femur (n=7, 2%).

The presenting fracture was the first non-vertebral, low
trauma fracture to come to clinical attention in 72% of
patients (n=241), the second in 25% (n=85), the third in 1%
(n=5) and the fourth in 2% (n=6).

Information regarding risk factors for fracture—includ-
ing prior history of fracture, early menopause, BMI, history
of smoking or excess alcohol, thyrotoxicosis, history of
maternal hip fracture, family history of osteoporosis, steroid
use, rheumatoid disease, history of recurrent falls and
partial gastrectomy—was also collected. Of all patients,
63% had one fracture risk factor, 23% had two risk factors,
11% had three risk factors and 3% had more than three risk
factors. Risk fractures for fracture were assessed after
patients had presented to the FLS with a non-vertebral
fracture; therefore, every patient had a prior history of
fracture.

Vertebral deformity consistent with fracture
The overall prevalence of vertebral deformity established
by MXA was 25%. The prevalence of vertebral deformity

by type of presenting fracture is shown in Fig. 1. Patients
with a hip fracture were significantly more likely to have a
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vertebral deformity identified on MXA than were patients
who presented with a non-hip fracture (p=0.009).

Overall, 55.4% of patients with vertebral deformities had
deformities in the thoracic spine and 26.4% had lumbar spine
deformities, whilst 18.2% had deformities in both regions.
Of the patients with vertebral deformities identified by
MXA, 45% had deformities of more than one vertebra.
Multiple vertebral deformity prevalence varied considerably
according to the site of the presenting fracture (see Fig. 2).

Of the patients with vertebral deformities, 3 (3.6%) had
unreadable scans for grading. Of the 80 remaining patients,
58 (72.5%) had Grade 2 or Grade 3 deformities. Thirty-two
(55.2%) of the patients with vertebral deformity of Grade 2
and Grade 3 had multiple vertebral fractures. Of the sub-
group of patients with vertebral deformity of Grade 2 and 3,
56.9% had deformities in the thoracic spine, 22.4% in the

Fig. 2 Presenting fracture and
prevalence of multiple (two

or more) vertebral deformities
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lumbar spine and 20.7% in both regions. There was no
significant difference between the vertebral deformity
population and the sub-population of patients with Grade
2 or 3 deformities, in terms of the proportion of patients
with multiple vertebral deformities or in the site of
deformity.

Table 1 shows the prevalence of vertebral deformity and
multiple vertebral deformities by lumbar spine T-scores.
Patients whose lumbar spine T-scores were consistent
within the osteoporosis range (T-score <2.5) were signifi-
cantly (p<0.05) more likely to have vertebral deformities
(42%) than patients whose T-scores were in the osteopenic
or normal ranges (20% and 16% respectively). They were
also significantly more likely to have multiple vertebral
deformities than those with a normal T-score (54% versus
14%, p<0.001).
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Table 1 Impact of lumbar spine T-score on prevalence of vertebral deformity

Lumbar spine T-score Total Vertebral deformity Multiple vertebral deformities Fracture Grade 2 or 3

n % n % %" n % %"° n % %"°
Osteoporotic (T-score <—2.5). 93 28 39 47.0 41.9 20 54 51.3 32 55.2 344
Osteopenic (T-score —2.4 — —1.1). 126 37 25 30.1 19.8 12 32 48.0 16 27.6 12.7
Normal 118 35 19 22.9 16.1 5 14 26.3 10 17.2 8.5
Totals 337 100 83 100 37 100 58 100

Vertebral deformity: Chi-squared=13.471, p=0.0012
Multiple vertebral deformities: Chi-squared=16.304, p=0.0003
9% within each T-score group with vertebral deformity

P04 of vertebral deformity group with multiple deformities within each T-score group

Patients with lower BMI (<18 kg/m?) were significantly
more likely to have vertebral deformity than patients with
the highest BMI (>30 kg/m?), (40% versus 17%, p<0.0001)
(Table 2). A very similar picture was seen when BMI was
divided into quartiles: 45% of patients in the lowest quartile
had a vertebral deformity, compared with 18% of those in
the highest quartile (p<0.0001). The mean BMI for patients
with and without vertebral deformity did not differ
significantly (24.35+4.78 kg/m? vs 25.22+3.90 kg/m?), nor
did the mean BMI of patients with multiple vertebral
deformities (23.70+4.78 kg/m?).

Patients with a history of one or more non-vertebral
fractures prior to the fracture they presented with were
significantly more likely to also have vertebral deformity
(ies) (Table 3), (43% versus 20%, p=0.008).

Table 1 also includes analysis of the sub-group of
patients with vertebral deformities of Grade 2 and Grade 3

— Patients with an osteoporotic T-score were significantly
more likely to have vertebral deformities than those
with a normal or osteopenic T-score (34% vs 12.7%
[osteopenic] and 8.5% [normal] p<0.0001)

—  Patients with BMI<I8 kg/m” were significantly more
likely to have vertebral deformities than those with
BMI of over >30 kg/m* (40% vs 10.3%, p<0.0001)

— Patients with a history of one or more prior non-
vertebral fractures were more likely to have vertebral

Table 2 Impact of BMI on prevalence of vertebral deformity, n=336

deformity although this did not reach significance (24%
vs 15%, p=0.055)

Older patients were slightly (although not statistically
significantly) more likely to have a vertebral deformity:
30% of patients aged over 75 had a vertebral deformity,
compared with 23% and 22% of patients aged 50-64 years
and 65-74 years respectively. Gender did not appear to
affect the likelihood of identifying a vertebral deformity
(25% of women and 24% of men), although women were
somewhat more likely to have multiple vertebral deformi-
ties (45% vs 40%, p=ns).

Discussion

One-quarter of patients presenting to our Fracture Liaison
Service with a non-vertebral fracture had a previously
undiagnosed vertebral deformity, of which almost one-half
(45%) were multiple vertebral deformities. This is similar to
the prevalence seen in previous studies using radiographic
or MXA detection in women with and without non-
vertebral fracture. Sub-analysis of patients by grade of
deformity revealed that almost three-quarters of the patients
had vertebral deformities of Grade 2 and Grade 3. These are
more likely to be vertebral fractures, rather than vertebral
deformities of non-osteoporosis aetiology, which might be
more likely where Grade 1 deformities are present.

BMI Total Vertebral deformity Multiple vertebral deformities Fracture Grade 2 or 3

n % n % % n % % n % %
Underweight <18 20 6.0 8 9.6 40.0 5 135 62.5 8 13.8 40.0
Normal 19-24 111 33.0 39 47.0 35.1 20 54.1 51.3 24 414 21.6
25-29 118 35.1 22 26.5 18.6 6 16.2 273 17 29.3 14.4
30+ 87 259 14 16.9 16.1 6 16.2 429 9 15.5 10.3
Totals 336 100 83 100 37 100 58 100

Vertebral deformity: Chi-squared=16.572, p=0.0009
Multiple vertebral deformities: Chi-squared=15.288, p=0.0016
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Table 3 Impact of prior fracture history on prevalence of vertebral deformity

Total Vertebral deformity Multiple vertebral deformities Fracture Grade 2 or 3

n % n % % n % % n % %
0 241 71.5 49 59.0 20.3 24 64.9 49.0 35 60.3 14.5
1 or more 96 28.5 34 41.0 42.7 13 35.1 38.2 23 39.7 24.0
Totals 337 100 83 100 37 100 58 100

Vertebral deformity: Chi-squared=7.131, p=0.0078
Multiple vertebral deformities: Chi-squared=0.237, p=0.63 (ns)

In the Study of Osteoporotic Fractures (SOF), a
prospective study of almost 10,000 women, the prevalence
of vertebral fracture was 20% (42% of which were
multiple) in women aged over 65 years who did not have
a non-vertebral fracture [11]. In another study of 482
women aged over 65 years without a non-vertebral fracture,
the prevalence of vertebral fracture was 18.3% [15]. In a
smaller study of 58 women with Colles’ fracture, vertebral
fractures were identified by MXA in 19% of patients [16].

In this present study, patients presenting with hip
fracture, spine T-score <—2.5, low BMI (either in the
lowest quartile or <18 kg/m?) or with more than one prior
non-vertebral fracture were all significantly more likely to
have evidence of a prevalent vertebral deformity. However,
we found that 16% of patients with normal BMD at the
lumbar spine had a prevalent vertebral deformity (26% of
which were multiple). This is comparable to that seen in an
earlier study conducted in women aged over 65 years
without a non-vertebral fracture and with normal BMD at
the spine, which revealed a prevalence of vertebral fracture
of 18.7% [15].

In the UK, current treatment decisions for patients with
low trauma fracture are based on fracture status and BMD
as determined by DXA [17, 18]. In England, patients aged
under 75 receive treatment if they have a fracture and
osteoporosis is confirmed by DXA scanning [17]. In
Scotland, patients with vertebral fracture and BMD outside
the osteoporotic range, as defined by the WHO classifica-
tion, do not routinely receive treatment unless they have
two or more vertebral fractures, irrespective of BMD, or
one vertebral fracture and an osteopenic BMD score [18].
Identification of those patients who already have an (often
unrecognised) prior vertebral fracture is particularly impor-
tant, as they are at high risk of further fracture by virtue of
their prior vertebral fracture. Although these patients might
not fulfil the criteria for therapy on the basis of their (non-
vertebral) fracture history and BMD, they might be
candidates for therapy if their underlying positive vertebral
fracture status was known.

In this study, five of the 118 patients with normal BMD
(4.2%) had two or more previously undiagnosed vertebral
deformities plus a new non-vertebral fracture, and 25 of the
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126 patients with osteopenic BMD (19.8%) had one or
more previously undiagnosed vertebral deformities plus a
non-vertebral fracture. These patients would not have been
candidates for anti-resorptive treatment if MXA had not
been performed and their vertebral deformities identified.
Therefore, one in 20 patients with a normal T-score and
almost one in five patients with an osteopenic T-score
would experience a change in management by virtue of
their underlying vertebral deformity or deformities.

Overall, 30 (8.9%) of the patients in this study would be
eligible for treatment by virtue of their newly identified
vertebral deformity., which means that 11 patients who
present with a non-vertebral fracture would need to undergo
vertebral morphometry in order to identify one patient who
ought to be managed differently. This ‘Number Needed to
Screen’ gives an indication of the number of patients for
whom treatment recommendations would change after the
identification of vertebral fracture.

These data also provide the first attempt to quantify the
overlap between patient populations with non-vertebral and
vertebral fracture. Estimates suggest that 1.28 million post-
menopausal women in the UK have experienced a prior
non-vertebral fracture [19] and 1.3 million have at least one
prior vertebral fracture [20]. In this study, 72% of patients
presented with their first non-vertebral fracture, and
vertebral morphometry subsequently identified vertebral
deformities in one in five (21%) of these patients. Nearly
one-half of vertebral deformities were multiple (48%). It is
highly likely that these vertebral fractures had occurred
prior to the first non-vertebral fracture, suggesting that a
substantial number of patients will have experienced a
vertebral fracture prior to any non-vertebral fracture event.

Our results support the recommendation to perform
vertebral morphometry in any patient who is referred for
DXA testing after experiencing a non-vertebral fracture.
Treatment decisions will then better reflect any given
patient’s future absolute fracture risk. The "Number Needed
to Screen' if MXA is used in this way would be seven to
identify one patient with vertebral deformity, and 14 to
identify one patient with two or more vertebral deformities.

Routinely performing lateral vertebral morphometry
does raise a number of issues. Firstly, there is an increase
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in radiation exposure for the patient. A standard AP spine
and hip DXA scan is associated with a radiation exposure
[entrance surface dose (ESD)] of around 0.037 mGy, and
results in an effective dose of less than 2 uSv (micro-
sieverts). The ESD associated with lateral vertebral mor-
phometry is 0.083 mGy [21],corresponding to an estimated
effective dose of about 2.5 uSv. These are relatively small
doses compared to the UK natural background radiation
level of approximately 2.5 mSv. The small carcinogenic
potential associated with these scans has to be balanced
against both the prognostic importance (in terms of future
fracture risk) that is associated with the identification of
unrecognised vertebral deformities and also the much
higher radiation exposure risk associated with plain spine
radiology (effective dose ~0.6 mSv).

Lateral vertebral morphometry does have limitations; for
example, it is less reliable than conventional lateral spine
X-rays at the upper thoracic spine and in Grade 1
deformities.

A recent study [22] comparing MXA with lateral spine
X-rays found that vertebral morphometry using MXA
allowed diagnosis of vertebral fracture in the lumbar and
mid thoracic spine, where vertebral fractures are most
common. MXA was less reliable at the upper thoracic
spine, which is also an established limitation of X-rays.

An earlier study [23] compared identification of verte-
bral fracture on MXA using the Genant semi-quantitative
method using MXA with conventional X-rays in 80 post-
menopausal women. Of the 1,027 potentially evaluable
vertebrae, 81% were adequately visualised on MXA to
allow grading. Prevalent vertebral fracture was identified in
40 vertebral bodies using X-ray; of these, 28 (70%) were
correctly identified on MXA, 17/18 (95%) Grade 2 or 3 and
11/22 (50%) of Grade 1 fractures. Of the non-fractured
vertebrae, 96.2% were correctly classified as normal by
MXA.

Although the Genant semi-quantative method is not
validated for MXA, it has been used in other studies [22,
23], and was used in this study as a pragmatic option. To
carry out quantitative analysis on each scan would have
been time-consuming and impractical.

Given that the sample population had already had at least
one non-vertebral fracture (28% had more than one prior
fracture), were drawn from the FLS population, and that
almost three-quarters had Grade 2 or 3 vertebral deformity,
it seems reasonable to expect the vertebral deformity to be
due to osteoporosis, rather than other diagnoses such as
degenerative change or Scheurmann’s disease.

The sensitivity of detection of a vertebral fracture is
lower both where there is significant spine scoliosis and
also where there is marked disc-space osteoarthritic change.
In these settings, proceeding to plain spine radiology would
be recommended [24]. Plain spine X-rays were not carried

out in this study. Furthermore, in keeping with our local
protocol, bone densitometry was not carried out in older
patients (over the age of 70) after hip fracture. Both of these
features may mean that the overall prevalence of vertebral
deformity in this population has been underestimated.

In conclusion, undiagnosed vertebral deformity is highly
prevalent in patients aged over 50 years who present with a
new non-vertebral fracture. Given that prior vertebral
fracture significantly increases the risk of further fracture
and because newer diagnostic techniques make identifica-
tion of vertebral deformity consistent with fracture relative-
ly straightforward with minimal radiation exposure, we
recommend that all patients undergoing DXA should also
undergo vertebral morphometry to identify prior vertebral
deformities consistent with fractures.
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