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ABSTRACT

A population survey was performed to estimate the prevalence of vertebral fractures in women aged 45-69
and to determine their relationship to bone density and symptoms. Subjects were 1035 women aged 45-69
(mean 55.4 years, response rate 77%) from the age-sex register of a large 11,000-person general practice in
Chingford, London. Thoracic and lumbar spine x-rays were read by a semiautomated quantitative method.
Vertebral fractures were diagnosed using a variety of morphometric metheds, including a new method we re-
cently developed and the published methods of Melton and Eastell. These methods all detect abnormal ratios
between anterior, central, or posterior vertebral height and between observed posterior vertebral height and
values predicted from the posterior height of adjacent vertebrae. Bone mineral density (BMD) of lumbar
spine L1-4 and neck of femur was measured by dual-energy x-ray absorptiometry (DXA). Using our
method, 147, 14.2% (95% CI 12.0-16.2%) of the 1035 women, had minor fractures (at least two vertebral
ratios 2-2.99 SD below the mean) and 20, 1.9% (95% CI 1.2-3.0%) of the total, had severe fractures (at
least two ratios more than 3 SD below the mean). In the 147 women with minor fractures, bone density of
the spine was not significantly lower than in the other 868 women, and reported back pain or loss of height
was no more common. Women with multiple minor fractures did have lower bone density, by 0.4 SD. In the
20 women with severe fracture, bone density was significantly lower, by 0.6 SD. Loss of height was more
common, but back pain was not. Using the method of Melton the prevalence of deformity was 10.2% and,
for the Eastell 3 and 4 SD method, 9.7 and 1.3%, respectively, which is similar to published data from the
Rochester population. Minor vertebral deformities are common in postmenopausal women, but they are not
usually associated with pain, loss of height, or (unless muitiple) reduced bone density. This suggests that
they may not be of clinical or pathologic importance. Severe deformities associated with low bone density
are rare in U.K. women under the age of 70.

INTRODUCTION surveys. One of the major problems in epidemiologic and

clinical studies has been the lack of consensus on the defi-

Vsnrxnmu. FRACTURE is believed to be an important and
common consequence of osteoporosis. In the popula-
tion setting without clinical presentation, fractures are usu-
ally referred to as deformities. Surveys have shown that
vertebral deformities are often asymptomatic,"* and
prevalence estimates can only be obtained from population

nition of vertebral fracture, in part due to the difficulty in
distinguishing the deformity following a fracture from nor-
mal anatomic variation.>* Studies have used a variety of
qualitative and quantitative methods, often subjective, for
assessing vertebral fracture, which has resulted in a wide
range of estimates of the frequency of the condition. Some
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estimates are that as many as one in four women aged over
50 are affected, ** which obviously would have major pub-
lic health implications, whereas others are low, with a Fin-
nish study showing rates of only 1 in 200 in middle-aged
women.‘® It is likely that differences in specificity between
methods contribute to apparent differences in prevalence.
Due in part to these problems, there is a marked lack of
knowledge and epidemiologic data concerning vertebral
fractures, in marked contrast to the many studies found on
hip fracture.

The aims of this study were to estimate the prevalence of
vertebral deformities in a sample of the female U.K. popu-
lation aged 45-69 and to examine whether women with and
without vertebral deformities differed in bone mineral den-
sity (BMD), symptoms, and other demographic variables.
We used a new semiautomated method of vertebral defini-
tion that accounted for anatomic variation at different ver-
tebral levels. In addition, to allow comparison of our U K.
data with other populations, we also used other published
methods of fracture definition.

MATERIALS AND METHODS
Population sample

The age-sex register of a six-partner general practice
containing over 11,000 patients was used to obtain the ad-
dresses of women aged between 45 and 69 years. All the
women lived within § miles of the general practice, and
98% of the women were white. A socioeconomic profile
was performed using the Acorn classification system,
which is based on each subject’s postal code and residence
(CACI International, London). These codes were linked to
one of four socioeconomic categories. The majority of the
women (42%) belonged to group C] (mid- to lower middle
class, white collar workers), 32% were A/B, 17% C2, and
8% D/E.

All women within the age range were sent an invitation
for a screening examination at Chingford Hospital, half a
mile from the general practice, between November 1989
and May 1991, and a second letter was sent after 6 weeks if
no initial response was obtained. Ethical approval was
given by the local committee of Waltham Forest Health
District.

Measurements

All women had height and weight recorded. A simple
questionnaire was administered by a nurse, including de-
tails on back pain lasting more than | month in the last 10
years, as well as recailed height loss and change in posture
(stooping). Bone mineral density of Li-4 was obtained
using a Hologic QDR 1000 machine (precision 1%). In a
lumbar vertebral deformity, the affected vertebra was
omitted from the calculation. BMD measurement of the
neck of the femur (NOF) was also obtained in 596 cases.

Lateral views were taken of the thoracic and Jumbar
spine (two films) at a standard target-to-film distance of
101 cm centered at T9 and L3, respectively. Radiographs
were read after positioning on a rear illuminated digitizing
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tablet (Kontron). Using a transparent cross-wire cursor,
the anterior, posterior, and central heights of each vertebra
from T4 to L4 were measured and the results transferred
directly to a computer data base. Normal ranges of verte-
bral shape were obtained from measurements in 100 fe-
males aged 45-50 years from within the study population
who were free of back pain and known osteoporotic frac-
tures. Mean ratios and standard deviations (SD) were cal-
culated for each vertebra from T4 to L4. Across these ver-
tebrae the anterior/posterior ratios had a mean value of
0.95, with a range of 0.91-1.04. This average ratio is simi-
lar to that derived in different populations by Black et
al.® and Melton et al. These data were used to run a
number of different algorithms for defining fractures.

For our own method, which is described in detail else-
where,!” the predicted posterior height for each vertebra
was derived from the posterior heights of up to four adja-
cent vertebrae. This predicted height was used to assess
each vertebra for deformity. In contrast to other methods,
ours requires the fulfillment of two criteria for the defini-
tion of deformity. The algorithm used had a false positive
rate of 1% for 3 SD definition.t™

Four types of deformity were defined as follows:

1. Anterior wedge: anterior to posterior ratio low and
anterior to predicted posterior ratio low

2. Central collapse: central to posterior ratio low and
central to predicted posterior ratio low

3. Posterior wedge: posterior to predicted posterior
ratio low and anterior to posterior ratio high

4. Widespread collapse: anterior to predicted posterior
ratio low and posterior to predicted posterior ratio low

Deformities in a particular vertebra were classified as
minor if two ratios were 2-2.99 SD below the mean for
that vertebral level and site. Deformities below the 0.1-cen-
tile limit (i.e., 3 SD) were classified as severe. The percen-
tage decrease in vertebral height corresponding to these
centile limits varied for each vertebrae. For example, the
mean percentage decrease in height for an anterior wedge
deformity (P — A)/P x 100] approximated to 12.0%
(range 10-14.0%) for 2 SD, 18% (14-21%) for 3 SD, and

TABLE 1. CHARACTERISTICS OF WOMEN (n = 1035)

55.4 (6.8) years

66.9 (12.04) kg

49.1 (3.9) years

161.3 (6.1) cm

25.7 (4.4) kg/cm?

213 (20.7)

242 (23.5), 11 months
median duration

Mean age (SD)

Mean weight (SD)

Mean age menopause (SD)
Mean height (SD)

Mean BMI (SD)

No. (%) premenopausal
No. (%) ever used HRT

No. (%) current use HRT 138 (13.3)
No. (%) hysterectomy 238 (23.1)
No. (%) ever-smokers 476 (46.0)
No. (%) current smokers 238 (23.1)
No. (%) alcohol > 4 U/week 452 (43.7)
No. (%) regular exercise 466 (45.0)
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24% (19-28.0%) for 4 SD using our algorithm. These cut-
offs are similar to those reported using another recently
developed algorithm.!® As the specificity of these tech-
niques tends to be poor, largely due to the number of sites
(39) measured within each spine, the false positive rate of
our method was lowered by defining two criteria that must
both be fulfilled for characterizing a deformity as present.
We also used the Melton method, based on a 15% decrease
in anterior, central, or posterior height relative to the adja-
cent vertebrae, adjusted for differences in vertebral shape.
This method has an approximate specificity of 12%.¢"
This method was later modified by Eastell et al., whereby
deformities were defined by standard deviations below the
mean rather than as a percentage, and has a specificity of
approximately 10%.¢7*

Statistics

The characteristics of these groups were compared using
Student’s i-test and chi-square for proportions after testing
that the data approximated a normal distribution. To ad-
just for differences in age, analysis of covariance was used
with SPSS software.

RESULTS

Invitations were sent to 1307 women. Of these, 81 had
moved or died and 1095 attended the examination, a re-
sponse rate of 77%. The characteristics of the population
are given in Table 1. Adequate spinal radiographs for anal-
ysis were obtained on 1035 women aged 45-69. Age-spe-
cific prevalences are shown in Table 2. Using the 2 SD def-
inition (minor deformity), 147 women were found to have
deformities, with a prevalence of 14.2% (95% confidence
interval, CI, 12.0-16.2) for the whole group aged 45-69.
Using the 3 SD definition (severe), 20 women had deformi-
ties, a prevalence of 1.9% (CI 1.5-4.0). Of these 7 women
had deformities lying below the 4 SD cutoff. They were
generally older (60.1 years) and had lower bone density
(0.83, SD 0.14). Only small increases were seen with age
within the range studied. For the 3 SD group the two most
frequent fracture sites were vertebrae L1 and T10.
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The characteristics of those with vertebral deformity
were compared with 868 individuals in whom no abnor-
mality was detected (Table 3). Only minor differences were
seen between those with no deformity and those detected
at the 2 SD level. BMD of the lumbar spine and femur was
not significantly different between these two groups. Using
the 3 SD cutoff, age was significantly higher (59.4 versus
§5.2 years, p < 0.006) and BMD spine was significantly
lower {0.84 (0.13) versus 0.97 (0.16) g/cm?, p < 0.001}.
BMD NOF was also lower, but not significantly (p =
0.07). Other differences were not readily apparent, and no
major differences in obesity (as measured by body mass in-
dex, BMI, height, or weight) were scen. Unexpectedly,
back pain was reported less frequently in this group (30%)
compared to normal controls (50.75%) (p = 0.1). How-
ever, the number reporting loss of height greater than i cm
was higher (10.5 versus 4.8%, p = 0.2), as was recalled
history of stopping (22.2 versus 11.8%). Fewer women had
ever used hormone replacement therapy (HRT): 1S versus
24.4% (p = 0.2). No social class gradient was apparent
within the fracture group, deformities being evenly divided
between the social groups. The exclusion of the 100 women
used to define the normal vertebral heights made no signif-
icant differences to the results.

Because of the potential confounding effects of age,
analysis of covariance was used to examine the relationship
between vertebral deformity and BMD (Table 4). No dif-
ference was found between controls and the minor de-
formity group after adjustment, and the BMD L1-4 of the
severe group remained significantly lower (p = 0.007).
The age-adjusted case-control difference amounted to 0.09
g/cm?, or 0.6 standard deviations of the population vari-
ance for the severe group, and was less marked for the
neck of the femur 0.04 g/cm? (0.3 SD).

We also examined whether women with multiple minor
vertebral deformities differed from those with single de-
formities (Table 5). Women with two or more deformities
had a lower bone density than those with single deformities
(p = 0.02), although this did not reach the values found in
the severe group. Similarly, reporting of loss of height in-
creased with number of deformities.

The effect of the menopause on deformities was exam-
ined by dividing women into quartiles of years since meno-

TABLE 2. PREVALENCE OF VERTEBRAL DEFORMITIES BY AGE Group

Age group
45-54 55-59 60-69
Deformities (n = 264) (n = 438) (n = 333)
Minor (2-2.99 SD)
No. 31 64 52
Percentage (95% CI) 11.7 14.6 15.6
(8.0-16.7) (11.2-18.6) (11.6-20.9)
Severe (>3 SD)
No. 2 9 9
Percentage (95% CI) 0.8 21 2.7
’ (0.09-2.7) (0.9-3.9) (1.2-5.1)
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TABLE 3. CHARACTERISTICS OF WOMEN WITH VERTEBRAL DEFORMITIES COMPARED TO NORMALS?

No deformity 2SD 3SD

{n = 868) m = 147) Mm = 20)
Mean (SD) age, years 55.2(6.8) 56.0 (6.9) 59.4 (5.6)b
Mean (SD) age menopause, natural, years 49.2 (3.8) 49.1 (5.8) 47.8 2.4)
Mean (SD) height, cm 161.3 (6.1) 161.9 (6.1) 159.6 (8.0)
Mean (SD) weight, kg 66.9 (12.1) 66.7 (11.8) 65.6 (11.8)
Mean (SD) BMI, kg/m? 25.7 (4.9 25.54.9) 25.6 (3.6)
No. (%) hysterectomy 203/863 (23.5) 31 21.)) 3 (15.0)
No. (%) ever use HRT 211/863 (24.9) 28 (19.4)b 2(10)
No. (%) back pain > 1 week 440/867 (50.7) 80 (54.4) 6 (30.0)
No. (%) loss of height > 1 cm 41/853 (4.8) 13 (8.8) 2/19 (10.5)
No. (%) still menstruating 189/863 (21.9) 24 (16.3) 0(0)
No. (%) hump or stoop 94/795 (11.8) 21/132 (15.9) 4/18 (22.2)

2Where information is missing for some individuals the demonimators are given.

bp < 0.05 versus no deformity group.

TABLE 4. MEAN AND 95% CONFIDENCE INTERVALS FOR BMD SPINE AND HIP BY CATEGORIES
OF VERTEBRAL DEFORMITY

Category of deformity Mean BMD L1-4 (g/cm?) BMD neck of femur (g/cm?)a
None 0.97 (95% CI 0.96-0.98) 0.78 (0.77-0.79)

28D 0.95 (95% Cl1 0.89-1.01) 0.77 (0.74-0.80)

3sb 0.84 (95% CI 0.79-0.89)® 0.70 (0.61-0.79)c

*Neck of femur data based on 596 women.
bVersus none, p = 0.006.
cVersus none, p = 0.07.

pause. For the minor deformity group no differences in
prevalence of deformity were noted. The rate of severe de-
formity was higher in the women more than 13 years since
the menopause (5.3%) compared with those within 3 years
of the menopause (1.8%). No severe deformities were
noted in the 213 premenopausal women.

To compare our resuits with those in previous studies,
we also defined deformities according to the method of
Melton et al.,!"? which identified 106 women as having de-
formities (10.2%) compared with an expected rate of 9.4%
if the age-specific prevalence rates from Rochester were
applied to the age distribution of our study population. At
this level there were no significant differences in lumbar
BMD (mean 0.94 SD, 0.18 versus 0.97 SD, 0.16), weight,
or BMI between the groups. When only the 34 individuals
with two or more deformities defined by this method were
studied, a slight but nonsignificant case-control difference
of 0.4 standard deviations was noted in the lumbar spine
BMD (p = 0.09). Using the Eastell method,® a preva-
lence estimate of 9.7% for 3 SD and 1.3% for 4 SD was
obtained in our subjects. Comparable figures obtained by
applying the Eastell age-specific prevalence rates to our
population are 8.4 and 1.9%. The Eastell algorithm for 3
and 4 SD produced results similar to those obtained with
our method using our 2 and 3 SD levels, respectively; dif-
ferences in BMD were noted only with at least two deform-
ities at the single criterion 3 SD cutoff and in the small
number of 4 SD individuals.

DISCUSSION

Using 99.9th percentile limits of deformity (3 SD) to de-
fine a (severe) vertebral fracture, we found that only 1.9%
(95% CI 1.2-3.0) of U.K. females in the population aged
between 45 and 69 were affected. These women have lower
bone density than age-matched controls, although the dif-
ference is smail (0.6 SD) and in line with other studies
using clinical cases.® They are generally no more likely to
be symptomatic than those with no abnormality, although
they report loss of height or change in posture more fre-
quently. Minor deformity detected either by our method as
a 2 SD deviation from the mean or a simple 15% (Melton)
reduction did not show any significant reduction in bone
density, which suggests that these minor deformities (2 SD)
may be normal anatomic variants, possibly representing re-
versible deformities!'® or artifacts of measurement not as-
sociated with osteoporosis. When individuals were identi-
fied as having two or more of these deformities, the mean
BMD, however, was lower than controls. The significance
of these minor deformities in terms of future fracture risk
is unknown.

The limitations of the study should be discussed. The
first is that the population sampie chosen may not be rep-
resentative of the U.K. female population. The area
chosen was on the outskirts of London, and the vast ma-
jority of women were white (98%) and of middle class
background as assessed by status of residence, which is
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TABLE 5. CHARACTERISTICS OF INDIVIDUALS WITH SINGLE AND MULTIPLE
MINOR VERTEBRAL DEFORMITIES®

28D
Single
No. fracture Sfracture Muiltiple
(n = 570) m = 9l (n = 26)
Mean (SD) BMD, L1-4 0.97 (0.16) 0.96 (0.1) 0.90 (0.16)®
Mean (SD) BMD, neck of femure 0.78 (0.12) 0.77 (0.13) 0.74 (0.14)
Mean (SD) age 55.2 (6.8) 55.8 (6.9) 56.6 (6.6)
BMI mean (SD), kg/m? 25.7 4.9) 25.3 (4.6) 25.9 (3.1)
No. (%) back pain 440/867 (50.7) 67 (55.7) 16 (50.0)
No. (%) loss of height > 1 cm 41/853 (4.8) 9(1.8 4 (12.5)
No. (%) stooped 94/795 (11.8) 17/104 (16.3) 4.28 (14.3)
No. (%) ever use HRT 211/863 (24.4) 23 (20.0) 5 (15.6)

aWhere data is missing for some individuals, the numbers involved are given.

bVersus no deformity, p = 0.02.
cBased on 596 individuals.

similar to the national average. Heights, weights, smoking
and alcohol intake, exercise patterns, and BMIs were simi-
lar to those found in national surveys.*® Rates of hyster-
ectomy were also similar to those found in a larger rcent
survey of women from different areas of London,"*® and
current rates of HRT usage were 13% compared to recent
national estimates of around 9%.''*' Nonresponders might
have been more or less likely to have had vertebral deform-
ities than responders, but the reasonable response rates
achieved (77%) and the low rates of severe deformity make
this unlikely to have markedly altered our estimate of the
prevalence. Over 95% of individuals in this area are regis-
tered with a general practice, and it is unlikely that women
obtained from this large health center list represented a bi-
ased or selected group of the population. We did not ex-
clude women because of concomitant medication or dis-
cases as some other surveys have done. This is because the
numbers would have been small, and again we would be
introducing additional selection. The present study in-
cluded women on HRT, although the median duration of
use was less than 1 year and unlikely to have markedly af-
fected the estimate of prevalence. Some studies have ex-
cluded women with a history of back trauma from preva-
lence estimates. This may lead to an underestimate of frac-
tures, however, as often the fall and the detection of frac-
ture may have been coincidental. Morcover, the number of
coincident fractures and history of trauma were extremely
low. We believe, therefore, that our sample was represen-
tative of the majority of women in the United Kingdom.

The choice of a reference population to establish a nor-
mal range is controversial. Different authors have used dif-
ferent methods. Melton et al. used a small group of peri-
menopausal normal women,'® and Black et al. used a
large truncated sample of 65- to 69-year-olds.'® When
comparing the mean anterior to posterior ratios of these
two groups with our own, we found only minor differ-
ences, allowing for differences in age and measurement
technique. Qur reference range had a mean ratio of 0.95,
that of Melton et al., 0.97, and Black et al., 0.93. These
data suggest that the study populations are similar and that

vertebral dimensions do not change appreciably with age,
as observed by Hedlund et al.¢**’ Black et al.'* suggested
that the choice of referent group when the prevalence is
low is unlikely to alter significantly estimates of fracture
rates; this is likely to be the case in our population sam-
ples.

At present there is no gold standard for measuring verte-
bral abnormalities, although a recent study of different
methodologies concluded that the best classification sys-
tems included criteria for all three vertebral dimensions
(anterior, central, and posterior).‘® Our algorithm is based
on site,- and level-specific normal ranges of vertebral
shape within the spine from T4 to L4. It is independent of
the relationship between body size (height) and vertebral
dimensions.

Few other studies have adequately surveyed both the
lumbar and thoracic spine of large numbers of women in
this age range, apart from the Rochester study, which we
have discussed. Jensen et al.*® found that 22.8% of a
sample of 70-year-old Danish women had wedge of com-
pression deformities (assessed visually). A recent study of
2992 U.S. women aged 65-70 found 10.2% had a 4 SD de-
formity, most of whom were symptomatic.'® Deformities
defined less strictly were not associated with pain or dis-
ability. No population-based survey has been carried out in
the United Kingdom for suitable comparison, aithough a
study of females aged 48-81 attending general practice
waiting rooms found a prevalence of 7.8% using visual
methods of fracture detection.'”

Many of these differences may have emerged because of
different ways of classifying a fracture, different ways of
selecting populations, and differences in the ages studied,
all of which could have a marked effect on apparent frac-
ture prevalence. Despite methodologic problems, it is pos-
sible that differences in fracture rates exist between coun-
tries. Hip fracture rates in the United Kingdon are lower
than in the United States and Scandinavia.'® Although
the prevalence of vertebral fractures in our study for
women under 70 was similar to results reported from the
United States when the same methods were used,*”® our
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own aigorithm produced much lower estimates of preva-
lence for U.K. women. Our method, but not those of
other authors, identified women who had lower spinal
BMD and marginally lower BMD of the femoral neck.
None of the methods for defining vertebral fractures iden-
tified a subgroup of women with increased likelihood of
back pain. We therefore conclude that below the age of 70,
significant vertebral deformities associated with low bone
mass are uncommon in U.K. women. When they do occur,
they are unlikely to be symptomatic.
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