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ABSTRACT - Vertebral fracture-deformation, a
common feature of osteoporosis, shows considerable age,
sex and geographical variation. We present the preva-
lence in an urban population of south-west Sweden. Lat-
eral spine radiographs of 797 men and women, age 50-86
years, were evaluated by morphomety. The age-stan-
dardized prevalence of subjects with vertebral defor-
mation using the deformation criterion -3 SD was 39
(95% CI 34-43) % in women and 33 (95% CI 28-38) % in
men. The prevalence increased with age in both sexes.
After adjustment for age, women had a higher preva-
lence than men, odds ratio 1.4. The proportion of verte-
brae with deformation ranged from 2%-11%, increas-
ing with age. The vertebrae most commonly deformed
were Th 11, Th 12 and L1.

Vertebral deformation—fractures—is an important
part of the clinical entity of osteoporosis. A person
who has had a vertebral fracture runs an increased
risk of other osteoporosis fractures—e.g., in the
hip (Kotowicz et al. 1994, Cummings et al. 1995,
Fujiwara et al. 1997), and in the vertebra again
(Ross et al. 1991). We also see an increase in mor-
bidity (Ettinger et al. 1988, Leidig et al. 1990,
Lyles et al. 1993, Nevitt et al. 1998) and mortality
(Cooper et al. 1993, Kado et al. 1999). The interest
in vertebral fractures as a clinical sign has increased
since it is now possible to reduce the future fracture
risk by medication (Lufkin et al. 1992, Black et al.
1996, Cummings et al. 1998, Ettinger et al. 1999,

Harris et al. 1999, Chesnut et al. 2000, Reginster et
al. 2000).

However, there is no consensus on the defini-
tion of a vertebral fracture. Several methods—
semiquantitative visual estimation and quantitative
morphometry—have been used to define vertebral
deformation on standard radiographs (Hedlund and
Gallagher 1988, Minne etal. 1988, Raymakersetal.
1990, Black et al. 1991, Eastell et al. 1991, Genant
et al. 1993, McCloskey et al. 1993). One difficulty
is the availability of population-based data which
will probably have to be local since there is strong
evidence of regional variation (National Osteo-
porosis Foundation Working Group on Vertebral
Fractures 1995, O’Neill et al. 1996).

We calculated the occurrence of vertebral defor-
mation in an urban population of south-west
Sweden.

Subjects and methods

Our aim was to use the observations of two popula-
tion-based random samples: the European Vertebral
Osteoporosis Study (EVOS) (O’Neill et al. 1996)
and the Gothenburg study. In the first study—
done by the ARC Epidemiology Research Unit,
University of Manchester—altogether 15,570 sub-
jects from 19 European countries participated. In
Malmo, Sweden, 600 subjects were to be included,
an equal number of men and women distributed in
1-year age-groups between 50 and 80 years old.
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These were selected at random from the records
of the city of Malmo and, of the 600 originally
invited, 467 responded (78%). The non-responders
were replaced by their register neighbor. Finally
767 were asked until 598 subjects were recruited.
The non-participants have been studied separately
in registers and compared to the participants (Has-
serius el al., in preparation). The men had had
more fractures and were more often registered as
patients in the Department for Alcohol Diseases.
The women had had fewer fractures than the par-
ticipants.

The Gothenburg study, done in 1986-1987,
was also a cross-sectional population-based study
where all 85-year-old residents living in the city of
Gothenburg were invited to participate. 299 men
(68%) and 684 women (64%) responded. Every
second participant (491) were included in the radio-
graphic part of the study but 29 subjects residing
in institutions could not be examined (Johansson et
al. 1993, 1994).

The EVOS administration lost 40 films. Thus
only 558 films were available as a basis for this
study. The Gothenburg Radiology Department dis-
carded films of 223 patients who had died, leaving
239 to be examined. Therefore, the data in this
study are based on radiographs of 797 subjects
from two city populations.

Methods

Lateral radiograms were obtained of the thoracic
and lumbar spine, two projections with the central
beam at about the same levels in both studies.
The film-focus distance was 120 cm in the EVOS
study and 105 cm in the Gothenburg study. For
this reason, we made a magnification correction.
The 4 corners of the vertebral body as projected in
the lateral view and the midpoint of each end-plate
were marked. All vertebrae included in the films,
usually 13, were also included in the calculation
(Th 4 — L 4). The marked points (6 per vertebra)
were recorded on a digitizing table (ALTEK) with a
cursor (resolution 0.13 mm). The posterior, midver-
tebral and anterior heights were measured on each
vertebra. The anterior/posterior and midvertebral/
posterior ratios were calculated as well as the ratio
between the posterior height and posterior height
of the adjacent vertebra. The anterior heights of

all vertebrae (Th 4 — L 4) were added together
as well as the corresponding midvertebral and
posterior heights, thus creating a “giant vertebra”
representing the combined vertebral morphometry
for a given subject. The anterior/posterior and
midvertebral/posterior height ratios of this “giant
vertebra” were calculated.

The definition of vertebral deformation is based
on a comparison between the observed ratios and
the expected ratios in undeformed vertebrae. This
expected data, expressed as normal means and
standard deviation of each vertebra-specific ratio,
were calculated with the trimming algorithm used
by Melton et al. (1993). We used three criteria
to define a vertebral deformation, -3, -4 or -5
SD reduction from the normal mean of any of the
three ratios representing a specific vertebra, -3 SD
reduction being the most commonly used and the
criterion recommended by the National Osteoporo-
sis Foundation (National Osteoporosis Foundation
Working Group on Vertebral Fractures 1995).

Our methods for digitalizing the roentgen films
agrees with that of Black et al. (1991). Our intraob-
server error is 2.3% and interobserver error 3.5%.

Statistics
The prevalence of subjects with vertebral deforma-
tion was based on the number of subjects having at
least one vertebra with deformation.

The 95% confidence interval in the prevalence
was calculated using the formula

+1.96 x ’(1 proportion) x proportion
v N

However, if {proportion x (1-proportion) / N} <
10, calculation was done using the formula based
on exact binominal distribution.

Age was adjusted by logistic regression for non-
parametric variables. The correlation between age
and number of vertebrac with deformation was
tested using the Spearman rank order correlation
coefficient (Table 2). The correlation between age
and height/ratios of the “giant vertebra” was tested
using Pearson’s correlation coefficient (Table 3).
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Table 1. The prevalence (%) of subjects having vertebral deformation, using three deformation criteria, and the
prevalence (%) of vertebrae with deformation, according to the criterion -3SD. 95% confidence interval

Age Prevalence of subjects Prevalence of vertebrae
Ns -3SD -4 SD -5 SD Nv -3SD
M W Men % Women % Men % Women % Men % Women % M W Men % Women %
(95%Cl) (95%Cl) (95%Cl) (95%Cl)  (95%Cl) (95%Cl) (95%Cl) (95%Cl)

50-59 90 93 18(9.8-26) 17(9.6-25) 3.3 (0-6.7) 6.5(2.2-11) 0 (0-2.2) 54 (1.1-9.7) 1151 1205 1.8 (1.1-2.6) 1.8 (1.1-2.6)
60-69 96 97 15(7.5-22) 28(19-37) 8.3 (3.1-14) 6.2 (2.1-10) 5.2 (1.0-9.4) 5.2 (1.0-9.3) 1236 1256 1.9 (1.1-2.6) 2.6 (1.8-3.5)
70-79 89 90 29 (20-39) 39(29-49) 14 (6.4-21) 17(9.1-24) 7.9 (2.2-12) 11 (5.6-17) 1147 1159 3.7 (2.6-4.8) 5.2 (3.9-6.5)
80-89 68 174 62(50-73) 63 (56-71) 25(15-35) 39(32-46) 13(5.9-21) 26 (19-32) 850 2170 86 (6.7-10) 11(9.5-12)
Total @ 343 454 33 (28-38) 39 (34-43) 13 (10-17) 19 (15-22) 7.0 (4.3-9.7) 13 (9.8-16) 4384 5790 4.3(3.7-4.9) 5.5(4.9-6.1)

a Age-standardized
Ns number of subjects, Nv number of vertebrae, M men, W women

Results

The prevalence of subjects with vertebral deforma-
tion increased significantly with age in both sexes,
independent of deformation criteria (Table 1). We
found a significant difference in prevalence when
comparing the deformation criteria —3 SD and —4
SD. The difference between —4 SD and -5 SD
was small. When an adjustment was made for age,
women had a higher prevalence of vertebral defor-
mation than men, OR 1.4 (95% CI 1.0-2.0), using
the =3 SD criterion. Using the same criterion, we
found a proportion of vertebrae with deformation
between 2% and 11%, which increased with age
(Table 1). The vertebrae most commonly showing

%
12

O Men

B Women
10

il

L4 L3 L2 L1 Th12Th11Th10 Th9 Th8 Th7 Thé Th5 Th4
Vertebral level

The prevalence of deformation at specific vertebral levels
among all vertebrae examined, criterion —3 SD reduction.

Table 2. Mean number of vertebrae showing deforma-
tion per subject in those with at least one deformation
(deformation criterion -3 SD)

Men Women
Age Mean Range N Mean Range N
50-59 1.3 (1-2) 16 1.4  (1-4) 16
60-69 1.6 (1-5) 14 12 (1-2) 27
70-79 16 (1-6) 26 1.7 (1-10) 35
80-89 1.7 (1-11) 42 21 (1-8) 110
Total 2 1.6 (1-11) 98 1.8 (1-10) 188

a Age-standardized
N number of subjects

deformation were L 1, Th 12 and Th 11 in both
sexes (Figure).

In subjects with vertebral deformation, the
number of vertebrae showing deformation increased
with age, but the difference was significant only
in women. After adjustment for age, we found no
significant difference between men and women in
the number of vertebrae deformed (Table 2). Age

fluenced the shape of the imaginary “giant ver-
tebra” in men and women; the posterior height,
anterior/posterior ratio and midvertebral/posterior
ratio of the “giant vertebra” decreased with age
(Table 3).

Discussion

Both our studies were population-based and the
participation rate in the EVOS study was good
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Table 3. The mean posterior height, anterior/posterior ratio and midvertebral/posterior ratio of the “giant vertebra”

Age N Posterior height (mm) (SD) A/P ratio (SD) M/P ratio (SD)

M W Men Women Men Women Men Women
50-59 82 91 429 (21.4) 401 (19.2) 0.92 (0.03) 0.94 (0.03) 0.90 (0.02)  0.91 (0.02)
60-69 93 93 429 (22.1) 398 (19.9) 0.92 (0.03) 0.94 (0.03) 0.90 (0.02)  0.91 (0.02)
70-79 82 84 429 (17.6) 394 (20.4) 0.91 (0.03) 0.93 (0.04) 0.89 (0.02)  0.90 (0.02)
80-89 46 121 412 (22.9) 370 (20.4) 0.89 (0.03) 0.90 (0.03) 0.87 (0.04)  0.87 (0.03)
Total 2 303 389 425 (21.0) 391 (20.0) 0.91 (0.03) 0.93 (0.03) 0.89 (0.03)  0.90 (0.03)

a8 Age—standardized
N number of subjects, M men, W women

(78%). In the Gothenburg study, the participation
rate was acceptable (65%). As regards the lost
EVOS roentgen films, this appears to have been
a random event, the films had already been inter-
preted at that time by the EVOS group (O’Neill et
al. 1996). The deformation rate, sex and age distri-
bution were similar to the films that were saved. In
the Gothenburg sample, the lost films were from
the subset of participants who had died and there-
fore may have been a defective subset of the popu-
lation.

The film-focus distances differed in the EVOS
and the Gothenburg studies. The difference did not
interfere with the ratio calculations, but with the
absolute heights of the vertebrae and therefore with
the “giant vertebra” calculations. We have there-
fore made corrections for the difference in magni-
fication, assuming that the film-object distance was
constant.

The “giant vertebra” was introduced as an inte-
gral of the spine creating a continuous variable,
with a possibly increased sensitivity to small defor-
mations of many vertebrae where the deformation
of each single vertebra is too small to satisfy the
criterion of a prevalent deformation. Future studies
will show if this “giant vertebra” can predict later
osteoporosis fractures and, if so, is a stronger pre-
dictor than a prevalent vertebral deformation.

A single vertebra may be deformed for several
reasons—e.g., Scheuermann’s disease, spondylo-
sis, high energy fracture earlier in life or osteoporo-
sis. Furthermore, there is no consensus on the defi-
nition of a vertebral deformation. Several meth-
ods have been used, including qualitative or semi-
quantitative evaluation by experienced radiologists
and various types of quantitative morphometry. In

earlier studies, these methods were compared and
differences were found in sensitivity and specific-
ity (Sauer et al. 1991, Smith-Bindman et al. 1991,
Leidig-Bruckner et al. 1994, Black et al. 1995, Wu
et al. 1995, Genant et al. 1996). Differences in
the prevalence of vertebral deformation have also
been reported between countries, ethnic groups,
genders and age groups (O’Neill et al. 1996). It
is therefore difficult to compare prevalences. The
National Osteoporosis Foundation Working Group
(1995) recommends for prevalence studies quan-
titative morphometry methods based on vertebral
level specific mean and SD of ratios, specific to the
population under study. We have followed these
recommendations.

1 or 2 vertebral compression or wedge fractures
have been used as an inclusion criterion in pros-
pective studies of osteoporosis treatment and pre-
vention. This may be a blunt instrument since it
may lead not only to overdiagnosis of fractures
caused by trauma earlier in life or Scheuermann’s
disease, but also to underdiagnosis of deformation
of the spine. Monitoring of preventive or thera-
peutic measures may be better with morphometric
measurements of the spinal deformity than by bone
mineral measurements of the spine. In fact, several
recent methods for bone mineral measurements use
both methods (Lang et al. 1997).
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