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Abstract

Objective—Vertebral fractures (\VVFs) are frequently under-recognized, reflecting their lack of
diagnostic clinical features. For example, although VFs are associated with back pain, this is also
common in the general population. To establish whether back pain can be used to recognize
patients with VF, we investigated the site of pain in people with and without VVFs using a simple
tool.

Methods—A cohort of 504 post-menopausal women was recruited from primary care in South
West UK. Back pain was assessed by self-completion of the Margolis pain diagram, and analysis
was modified to assess whether pain was mid-line or lateral. VVFs were diagnosed by the
algorithm-based qualitative method on radiographs. A cross-sectional analysis was carried out to
assess the association between back pain and VFs.

Results—Three hundred and twenty-two women (64.1%) reported back pain over the last 12
months. Thirty seven (7.3%) had one or more VFs. In women with back pain, the presence of
lateral waist area pain was associated with a 4.5-fold increased risk of VFs [odds ratio (OR) 4.48;
95% CI 2.02, 9.94; F<0.001].

Conclusions—In post-menopausal women with back pain, the presence of lateral waist pain, as
shown on the Margolis pain diagram, may identify women at higher risk of prevalent VF.
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Introduction

Vertebral fractures (VFs) are common in post-menopausal women: data from the European
Vertebral Osteoporosis Study (EVOS) suggest the prevalence is 12%, ranging from 6 to
21% according to age [1]. There are significant health-related implications of VF. People
with VVFs are at a high risk of further fractures if left untreated [2], and this is particularly
true for multiple VFs, of whom one in four will experience a further VF over 5 years [3],
and 9% will experience a limb fracture including hip fracture over 3 years [4]. Even single
VFs are associated with a reduced quality of life [5]: a woman aged 65 years has been
suggested to have a quality-adjusted life year of 0.70 [6], but this is reduced to 0.44 after a
clinical VF, which is lower than that post-hip fracture (0.55) [7]. Radiographic vertebral
deformity is also associated with a modest excess mortality, particularly in women, with a
rate ratio of excess mortality of 1.9 after adjustment for age (95% CI 1.0, 3.4) [8].

Despite the importance of VVFs, only a minority come to clinical attention. Precise figures
are difficult to obtain, but it has been suggested that less than one-third are diagnosed and
subsequently managed for osteoporosis [9]. However, if these undiagnosed women are
prescribed bisphosphonates or other appropriate drugs, the expected osteoporotic fractures
can be reduced by ~50% for repeat VFs [10] and 20-50% for non-VFs [11].

One of the major reasons for this diagnostic failure is that there is currently a lack of clear
clinical triggers for referral for diagnostic spinal X-rays in patients with possible VFs. One
of the main reasons for this is the high prevalence of back pain in the elderly population:
~30% of adults experience back pain at any one point [12]. Additionally, although it is
known that women with multiple VFs have more back pain than those with only one VF [8],
population-based work suggests that people with VFs have no more back pain than people
without VFs [13]. What is not known fully is whether the quality, intensity or site of back
pain in people with VFs is different from those with back pain but no VFs. This is an
important question; if easily assessed characteristics such as the site of pain predict the
likelihood of VFs, these could be used to differentiate between those with back pain who
should go on to have a spinal X-ray and those who should not.

Previous investigators have considered the site of back pain and the relationship with VF:
Roux et al. [14] found that thoracic localization of pain is associated with a 62% increased
risk of VF [odds ratio (OR) 1.62; 95% CI 1.03, 2.56; P = 0.037]. However, the study
population comprised 410 women with known osteoporosis, not the general population, and
there would be a much lower threshold for referral for diagnostic spinal X-rays in this
osteoporotic population. Back pain was defined quite crudely as either thoracic or lumbar
pain on direct questioning of the study participants, and so repeatability and validity of this
measure are questionable. More robust methods for collecting data on the site of back pain
include the Margolis pain drawing in which the participant shades or marks the painful areas
on a mannequin diagram [15] (Fig. 1).

However, the traditional Margolis pain diagram does not distinguish between mid-line and
non-mid-line back pain. This may be particularly important for VF, as other investigators
have shown that 70% of 288 patients presenting for percutaneous vertebroplasty to manage
their back pain from VFs have non-mid-line pain [16]. Therefore, the aim of this study was
to assess if more detailed analysis of the Margolis pain diagram, including assessment of site
of pain, could be used to identify women with a higher risk of VF.

Materials and methods

We carried out a cross-sectional analysis of the association of back pain with VFs, using a
cohort of post-menopausal women recruited from primary care. Patients were recruited by
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M.D.S., J.C.M., A.K.B. and J.H.T. Participants were assessed by A.P.H. and radiographs
read by E.V.M. E.M.C. carried out the statistical analyses. All authors had full access to the
data, and were independent of funders.

Study population

The population for this study was recruited during 2004-2005 from four General Practices
located in Bristol, Bath, Cardiff and Glamorgan. All women aged 65 to 75 deemed suitable
by their General Practitioner (GP) to be contacted (1518 in total), were invited to participate
in a study designed to investigate the clinical risk factors that identify post-menopausal
women with VFs. There were no exclusion criteria. Five hundred and forty women attended
the assessment, and spinal radiographs were obtained in 509. This study population is
described in detail elsewhere [17]. Written informed consent was obtained from all
participants. Approval for this study was given by the Multi-Centre Research Ethics
Committee (Ref. No. MREC/ 03/10/98).

Measurement of back pain

Back pain was assessed by self-completion of the Margolis pain drawing [15] during a face-
to-face assessment with a research nurse (A.P.H.) before obtaining spinal radiographs. If a
participant admitted to experiencing back pain over the past year, they were asked to shade
or mark the sites of most recent back pain. The most recent episode of pain was chosen as it
was felt this would be most easily remembered by the participant and, therefore, less likely
to be influenced by recall bias. The pain drawings were then scored by a researcher (E.M.C.)
who did not know the participant's fracture status. In addition to the traditional regions used
on the original Margolis pain drawing (Fig. 1), three back areas (thoracic, waist and lower
back/buttock) were sub-divided by a vertical line mid-way through each of these regions so
that distinction could be made between lateral- and mid-back pain (Fig. 2). Weighted scores
were not used; instead, it was noted for each participant whether or not they had pain in any
of the nine areas of interest. These were lateral thoracic (either side), mid-thoracic (either
side), lateral waist (either side), mid-waist (either side), lateral lower back/buttock (either
side), mid-lower back/buttock (either side), chest (either side), abdomen (either side) and leg
radiation (defined as any mark in any part of the 12 leg regions on either the front or back of
the body).

Diagnosis of VF

Each participant attended their local hospital and had a lateral thoracic and lumbar spine
radiograph obtained using a standardized protocol [1]. The radiographs were anonymized
and sent to the University of Sheffield for reading by a researcher trained in the algorithm-
based qualitative (ABQ) method [18]. With this method, evidence of a deformity of the
vertebral endplate is taken as the primary indicator of an osteoporotic VF.

Other measures

During the face-to-face assessment carried out by a research nurse (A.P.H.), data comprising
date of birth and recalled height at 25 years of age were collected. A clinical examination
was performed and included measuring current height (without shoes using a wall-mounted
stadiometer), current weight (static calibrated scales without shoes and heavy outdoor
clothing), rib-to-pelvis distance (measured in finger-breadths as previously described [19])
and wall-tragus distance.

Statistical analysis

The presence or absence of VVFs was the outcome of interest. The main exposure of interest
was back pain. The proportion of participants with and without VFs who experienced
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particular areas of back pain was compared using chi-squared tests. Logistic regression was
used to calculate ORs and 95% Cls for risk of VF for each area of back pain. ORs were used
as the prevalence of VF in this population was <10%. For clarity and ease of understanding,
the Results and Discussion use the word risk, but this reflects the OR. Multivariable logistic
regression was used to adjust for potential confounders such as age and weight, and to assess
the effect of height loss or reduced rib-to-pelvis distance. All statistics were carried out by
E.M.C. using STATA 8.0.

Five hundred and four women had full data and were used in this analysis. Mean age of the
whole cohort was 69.6 (3.0) years; 37 women (7.3%) were diagnosed with one or more VFs
using the ABQ method, 24 had one VVF and 13 had more than one (range 2-13), with the
majority of fractures occurring between T7 and L1 inclusive. As published previously [17],
compared with women without VFs, women with one or more VFs were more likely to be
older (70.7 vs69.5 years; £=0.02) and have reported more height loss since 25 years of age
(3.5 r51.9 cm; P=0.002) and have a reduced rib—pelvis distance (1.7 vs1.9 fingers; P=
0.018). For a full description of the demographics of the women with and without VFs, see
Table 1 in the original cohort description [17].

Three hundred and twenty-two women (64.1%) reported back pain over the past 12 months.
Women with VFs tended to be more likely to report back pain over the past 12 months than
those without VFs (78.4 vs62.7%; P=0.057), although 25% of women with one VF and
15.4% of women with more than one VF denied back pain over the previous year. As
described in the Materials and methods section, we did not use the traditional Margolis score
to describe back pain, instead simply noting whether women described pain in any of the 14
areas shown in Fig. 2. Seventy-seven women (23.9% of those with pain) reported pain in the
thoracic area, 214 (66.5%) in the waist area and 198 (61.5%) in the lower back/buttock area;
83 women reported pain radiating down one or both legs, of whom 21 had thoracic pain, 52
waist pain and 63 lower back/buttock pain. Only three women reported anterior chest pain
and 18 reported abdominal pain. Mid-line pain was more common than lateral pain (Fig. 3).

In the whole cohort, those with any thoracic pain, lateral waist pain alone or lateral waist
pain in combination with mid-waist area pain were more likely to have a VF than those
women with pain elsewhere (Table 1). For the thoracic pain, this appeared to be more
strongly associated with multiple VVFs rather than single VVFs.

Considering only those women who reported back pain (7= 322), the presence of lateral
waist area pain on the modified Margolis pain diagram was associated with a 4.5-fold
increased risk of VFs (OR 4.48; 95% Cl 2.02, 9.94; P< 0.001). This association was not
explained by age, weight, reported height loss, a reduced rib—pelvis distance or an increased
wall-tragus distance (Table 2).

This gives the presence of lateral waist pain a sensitivity of 44.8% and a specificity of
84.6%, i.e. if an X-ray were performed in all women with lateral waist area pain,
approximately one in four would have a VVF identified, but half of all women with a VF
would be missed. The presence of lateral thoracic area pain was also associated with an
increased risk of VF (OR 2.92; 95% CI 1.09, 7.88; £=0.034), although this appeared to be
explained by age. Conversely, there was a suggestion that the presence of mid-line waist
area pain detected women who were less likely to have a VF (OR 0.45; 95% CI 0.21, 0.98; P
= 0.044). The point estimate for this association did not change after adjustment (Table 2),
although this was no longer statistically significant. No other sites of pain predicted women
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with a higher or lower risk of VVF. Leg radiation did not identify women at a lower risk of
VF.

Discussion

This study shows that in post-menopausal women from primary care with back pain, the site
of pain as assessed by novel analysis of the Margolis pain diagram may identify women with
an increased risk of VF using the ABQ method. This is the first time the Margolis pain
diagram has been interpreted in this way.

Our results confirm what is already well known: back pain is a predictor of new VF [20, 21].
However, our work extends this further and suggests that in women presenting with back
pain to primary care, the presence of lateral waist pain may identify women at higher risk of
VF. This novel analysis suggests that the routine use of this modified Margolis pain
diagram, without any additional statistical analysis, may have a role during consultations in
primary care for back pain in post-menopausal women—one of the most common reasons
for a consultation with a GP in the UK [22]. It is likely that pain in the waist area rather than
pain anywhere else, was associated with an increased risk of VVFs because the transition from
thoracic to lumbar vertebrae is the most common site for VFs [23].

Other risk factors have been used to predict prevalent VVFs. The most widely studied is bone
density, with many studies suggesting a 2-fold increase in VF incidence in women per S.D.
decrease in BMD [24, 25]. VVFs are also more common in women than men (relative risk
2.3; 95% CI 1.5, 3.6), although this is because at any given age their spine BMD is lower
[26]. Perhaps the strongest independent predictor of a new VF is the presence of one or more
previous VFs, which gives a 3- to 7-fold [3, 20, 25, 27] increased risk. Height loss of >2 cm
has also been shown to increase the probability of VF 3-fold [20]. This suggests that our
results of a 4.5-fold increase in risk of prevalent VVF with the presence of lateral waist pain is
likely to be clinically useful, as it gives a similar size effect to that seen with height loss or
the presence of one or more previous VFs.

In addition, our finding that the association between lateral waist pain and VF is independent
of other risk factors such as height loss or weight is consistent with the previous published
work on this cohort that showed the conventional Margolis pain score to be independent of
these risk factors [17]. This raises the prospect that combining the presence of lateral waist
pain with other clinical risk factors for VF such as previous VF or height loss may improve
predictive power.

However, further work needs to be done on the use of the modified Margolis pain diagram
in clinical settings. We used the ABQ method to identify VVFs, and this is not in common use
in radiology departments for general reporting purposes—whether or not the presence of
lateral waist area pain identified on the modified Margolis pain diagram identifies women
with VFs diagnosed by reporting radiologists as part of routine clinical care is unknown.
This highlights the current difficulty in identifying what is actually a VF on thoraco-lumbar
radiographs. For research purposes, diagnosis of VVFs on spinal radiographs initially
consisted of quantitative or semi-quantitative methods based on definitions related to the
percentage of vertebral height loss [28], but this approach may be over-sensitive in detecting
minor vertebral deformities of limited clinical significance. More recent strategies have
favoured qualitative definitions involving the detection of vertebral end-plate deformities,
such as the ABQ method used in our study [18]. However, reporting radiologists in
secondary care tend to use a wide range of experiential terms (e.g. height loss, end-plate
abnormalities, wedge deformities, biconcave appearance, etc.), which can cause confusion
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as to whether a VF is present or not [29]. Until reporting is standardized and unambiguous,
it may limit use of the modified Margolis pain diagram in routine back pain consultations.

Our study also highlights the difficulties of back pain as a clinical trigger for referral for
diagnostic spinal X-ray: one-quarter of women with a VVF did not report any back pain over
the past 12 months. In addition, some of the women with VVFs did not have lateral waist area
pain. This agrees with the body of literature showing the complex relationship between back
pain and VF. For example, one study has shown that 80% of the people with thoracic VFs
localize their pain to the lumbar region only [30], and it is also well recognized that some
VFs are not associated with any back pain [31]. An additional complicating feature is that
the most common reason for back pain in the elderly is degenerative back disease, and many
women with VFs will also have evidence of degeneration on X-ray. Teasing out which
causes the back pain is currently not possible, and there is some evidence that spine
degeneration causing disc space narrowing and osteophytes may be associated with a
decreased VF prevalence [32].

Our work also suggests that the presence of mid-line waist area pain reduces the risk of VF,
and that radiation of pain down the legs should not be used as a clue to the presence or
absence of VVF. This perhaps disagrees with current wisdom that suggests that pain radiating
down the leg is likely to be associated with a reduced risk of VVF: a description of pain
published in 1991 of acute vertebral osteoporotic fractures in people presenting to secondary
care that showed leg radiation was uncommon [33]. Limitations of our study may explain
this discrepancy, although most VVFs do not present acutely, and our study may be more
representative of the actual burden of VVFs in the community. Mid-line pain may identify
women with degenerative spinal disease, and this is increasingly felt to be associated with a
reduced risk of VF [32].

Potential limitations of our study include a small number of VFs, although this may be offset
by the advantage of our population being recruited from primary care and therefore being
somewhat representative of post-menopausal women consulting a GP for their back pain.
The main reason for the small number of VVFs is our use of the ABQ method of VF
identification. This is advantageous, as ABQ is a much more specific method for VF
identification than other methods more commonly employed, such as quantitative
morphometry. As such, our results will be less likely to be biased by false positive VFs. In
common with all observational studies, ours may suffer from bias and uncontrolled
confounding, although we have attempted to minimize this by making sure the outcome
(VF) was assessed by a trained researcher blinded to any participant details, and we adjusted
for age in the regression analyses. The Margolis pain diagram was completed before
radiographs were obtained, and the novel analysis was carried out by a researcher blinded to
the participants' fracture status. The association found between the lateral waist area pain
and risk of VF may have occurred by chance, and this finding requires repeating in other
populations.

Thus in conclusion, we have shown that in post-menopausal women with back pain, the
presence of lateral waist pain as shown on the modified Margolis diagram may identify
women at higher risk of VF. The presence of lateral waist pain could be used to differentiate
which women should be referred for diagnostic spinal X-ray, although the current non-
standardized and often ambiguous reporting of VVFs in secondary care may limit application
of our results at present.
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vertebral fracture.

Rheumatology key message

Lateral waist pain may identify post-menopausal women at higher risk of prevalent
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Fig. 1.
Diagrams showing the traditional Margolis pain drawing (A) from the front, (B) from the
back and (C) the modified Margolis pain diagram used in this study.
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Mid-lower back/ Chest area Abdominal area
buttock area

Diagrams showing the modified Margolis pain with the specific areas of interest used in this
study highlighted in black: the lateral thoracic, mid-thoracic, lateral waist, mid-waist, lateral
lower back/buttock, mid-lower back/buttock, chest and abdominal areas.
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Lateral pain

Thoracic area: 30 (9.3%)
Six VFs

Mid-line pain

Thoracic area: 70 (21.7%)
Ten VFs

Waist area: 58 (18.1%)
Thirteen VFs

Waist area: 201 (62.4%)
Thirteen VFs

Lower back/buttocks: 107 (33.2%)
Nine VFs

Lower back/buttocks: 170 (52.8%)
Thirteen VFs

ey

‘l 42) 143/
ey Ry
Lo f

< A4 ) g 2

T

Fig. 3.

Distribution and pattern of back pain in the 322 women from this cohort according to
whether the pain is lateral or mid-line. The Number of VFs identified in the corresponding
areas is shown in italics.
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