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Abstract. Reports on the prevalence (or incidence) rates of
vertebral fracture have been available, but they are limited
concerning non-white populations and men of all races.
This study used the radiomorphometric method to survey
the prevalence rate of vertebral fracture for ethnic Chinese
women 40 years and older and Chinese men 65 and older
who were randomly selected from four major cities in Tai-
wan. Three sets of reference values of the height ratios were
used for middle-aged women, elderly women, and elderly
men. The results showed that in Chinese women, the preva-
lence rate of vertebral fracture was low before age 50 and
showed a steady increase thereafter. In men, the increase
was small until age 80. The overall adjusted prevalence rate
of vertebral fracture for women older than 65 was 20% and
that for men, 12.5% (95% confidence interval 18–22% and
11–14%, respectively.) If only severe deformity was
counted [height ratio lower than normal mean minus 4 stan-
dard deviations (SD), or Grade II deformity], the adjusted
prevalence rate was 15.5% for elderly women and 9.5% for
elderly men (95% confidence interval 14–17%, and 8–11%,
respectively.) The overall adjusted prevalence rate for
women aged 40 and over was 6.8% (95% confidence inter-
val 5.7–8%), or 4.5% (95% confidence interval 3.6–5.5%)
for Grade II lesions. Moreover, for subjects with fracture,
elderly women tended to have more fractured vertebrae per
person and more Grade II fractures than elderly men. Thus,
Chinese women residing in cities of Taiwan had a relatively
high prevalence rate of vertebral fracture, a finding com-
patible with that for United States or European white
women, or for Japanese women residing in America. Elder-
ly Chinese men also have a high prevalence rate of vertebral
fracture. The age-specific female-to-male ratio of preva-
lence rate was about 1.5 to 2.3 between age 65 and 80, and
close to unity after age 80.
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Although vertebral fracture is the hallmark, and probably
the most common fracture as a complication of various

forms of osteoporosis, its epidemiology remains relatively
less studied than that for hip fractures. Reports on the preva-
lence of vertebral fractures are relatively scanty and though
investigators have used different methods of study, they
have also reached different conclusions [1–6]. Recent stud-
ies in Europe have shown substantial variation of preva-
lence across different areas or nations. For instance, the
prevalence was higher in the United Kingdom [5] and Den-
mark [7], and lower in Finland [4]. The information is rela-
tively more scarce in men and in a non-white population.
Studies on another osteoporosis-related fracture, the hip
fracture syndrome, showed that Asians have lower bone
mineral density (BMD) [8–10] and paradoxically lower risk
of hip fracture [11–12]. It is not clear whether Chinese, as
an Asian race, would also have lower vertebral fracture rate.
For men, the risk of vertebral fracture has been reported to
be higher [4], or several-folds lower [13], than that for
women. Difficulties in sampling and differences in diagnos-
tic criteria may have prevented collection of accurate epi-
demiologic data in the past, and caused variations in the
reported prevalence of vertebral fracture. Because the most
usual presentation of vertebral compression or deformity is
asymptomatic or mild back pain [14], any clinic- or hospi-
tal-based data would tend to underestimate vertebral frac-
ture and include more trauma cases [14]. Survey of the
general population with roentgenogram would be more re-
liable for showing the actual prevalence rate of a commu-
nity. This report describes a population-based survey of the
prevalence of vertebral fracture of Chinese men and women
residing in cities of Taiwan, using an age- and gender-
specific morphometric method [15, 16] used in many recent
reports [17].

Materials and Methods

Subjects

The study included 1322 men and 1318 women over 65, and 425
women between 40 and 65 years of age. They were all ambulatory
and were randomly selected from communities through the general
registration which covers all citizens of four of the major cities in
Taiwan: Taipei, Taichung, Hualien, and Kaohsiung. Because there
is a complete registration of all the residents on Taiwan island
from their birth to their death, we could calculate the number of
subjects needed for each age status to represent the age distribution
of Taiwan. After having been randomly selected from the censusCorrespondence to:K.-S. Tsai
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books of the cities in an age-stratified manner, the subjects were
invited to local medical centers participating in this program. We
invited 2864 men and 2920 women older than 65. Among them
1322 men agreed to attend this program; 116 were sick or not
ambulatory and were unable to participate. The others refused,
mostly for personal reasons such as lack of time or interest. Simi-
larly, 1318 women participated. Their reasons for non-attendance
were mostly lack of time or interest, fear of discovering untreatable
diseases, and the need to take care of their grandchildren. There
was an even response rate (42–50%) for each age group by 5-year
intervals for both genders. We also recruited 425 ambulatory
women aged 40–64 who participated in this survey program in a
similar manner. The rate of attendance was similar for pre- or
postmenopausal women (response rate 50 and 52%, respectively)
in this group. Each participant was interviewed, physically exam-
ined, and then given standard lateral X-ray examinations of the
thoracic and lumbar spine, separately. The tube-film distance was
120 cm. The thoracic and lumbar spine films were centered at T7
and L2, respectively.

Morphometry of Vertebral Bodies

Morphometry of the vertebral bodies was done according to the
methods of Eastell et al. [15]. Each vertebral body, from T3 to L5,
was measured for its anterior height (Ha), middle height (Hm), and
posterior height (Hp) with a transparent meter to 0.5 mm with bare
eyes. Fifty subjects with apparently normal vertebral bodies, as
judged by the three authors (KST, PUC, and RSY), were selected
arbitrarily from premenopausal women aged 40–50 years. Their
Ha/Hp, Hm/Hp, and Hp/Hp8 ratios, where Hp8 is the Hp one level
above for each vertebral body [T4 to L5], were calculated. Then
vertebrae-specific mean and standard deviations (SD) of (Hp-Ha)/
Hp, (Hp-Hm)/Hp, and (Hp8-Hp)/Hp8 were derived for each verte-
bra, and used as reference values. The presence of a vertebral
fracture was defined by either an (Hp-Ha)/Hp, (Hp-Hm)/Hp, or
(Hp8-Hp)/Hp8 ratio which is larger than the mean plus 3 SD, but
smaller than the mean plus 4 SD values (Group I) or larger than the
mean plus 4 SD values (Group II) of the normal controls for that
particular vertebra [15] in this 40–65-year age group. Similarly, 40
sets of X-ray films of ‘‘normal’’ men aged 65–75, and 40 sets of
X-ray films of ‘‘normal’’ women aged 65–75 were used to detect
the presence of vertebral fracture. These apparently normal sub-
jects were not excluded for calculating the fracture prevalence in
each group. The measurement was carried out by only one of the
authors. The coefficient of variations (CVs) of three ratios were
between 0.5 and 1% for each vertebra for 10 repeated measure-
ments on six subjects, two from each group.

Classification of Vertebral Fractures

An increase of the (Hp-Ha)/Hp ratio for a vertebral body to a
degree more than mean plus 3 SD value of normal controls of that
age group was called a wedge fracture. Similarly, a significant
increase of the (Hp-Hm)/Hp ratio defined biconcave deformity. A
vertebral body with wedge fracture was considered to have both
wedge and biconcave deformities if its middle height was at least
1 mm less than its anterior height.

A significant increase of the (Hp8-Hp)/Hp8 ratio defined a crush
fracture. If a vertebra already had a crush fracture, it was not
further defined as having a biconcave or wedge fracture, regardless
of its Ha and Hm. Meanwhile the Hp of this crushed vertebra was
replaced by the posterior height one or more levels above it, de-
pending on whether this one level above was normal or not, when
we calculated the (Hp8-Hp)/Hp8 ratio for the vertebral one level
beneath it.

Results

Based on the means and SDs derived from normal subjects
of different ages and different genders (Table 1), the cutoff
points used for either Group I or Group II fractures in dif-
ferent groups showed a small variation although they were
similar. On the other hand, the absolute value of these cutoff
values differed significantly from one vertebral level to an-
other. In general, the criteria were most stringent for elderly
women, less so for elderly men, and least so for middle-
aged women.

Using these age-, gender-, and vertebra-specific criteria,
the crude and adjusted prevalence rates of Groups I and II
fractures of Taiwanese men and women are shown in Table
2. The adjusted overall prevalence rate of vertebral fracture
was 20% for elderly women and 12.5% for elderly men.
Before age 80, men showed only a slight increase in preva-
lence with increase in age, whereas women showed a steady
increase of prevalence of vertebral fracture after age 50, and
low rates before that age. The female:male ratio was about
2:1 before age 70 years, but after age 80, the difference
between men and women was obscured. Adjustment of
overall vertebral fracture prevalence of the elderly to the
actual age distribution of 1993 resulted in a small increase
in the crude rate because the age distribution of our subjects
as similar to the actual age distribution of Taiwanese.

Table 1. The means± SD values of the height ratios (in %) of each level of vertebral bodies of the three groupsa

Ha/Hp Am/Hp Hp/Hp8

A B C A B C A B C

T4 92.3± 4.9 91.6± 4.2 90.4± 4.7 84.9± 4.6 87.1± 5.1 87.7± 5.1 101.2± 4.0 98.6± 5.1 98.9± 3.2
T5 91.9± 4.5 89.8± 5.8 89.5± 4.9 85.6± 4.2 87.3± 5.1 89.0± 3.4 102.3± 4.3 101.2± 5.2 101.3± 3.2
T6 89.7± 5.4 90.7± 5.2 89.5± 5.6 84.8± 4.0 88.1± 5.7 89.0± 4.9 103.0± 3.6 101.4± 6.2 101.6± 4.1
T7 90.3± 4.2 88.5± 5.3 90.3± 4.8 86.9± 3.8 86.9± 4.9 89.6± 5.3 102.2± 3.6 103.4± 6.0 102.4± 3.7
T8 92.2± 5.4 92.0± 6.0 90.8± 5.3 87.1± 4.2 88.3± 5.1 89.6± 4.7 102.5± 2.8 101.2± 6.2 102.4± 3.5
T9 93.9± 5.1 95.5± 5.5 93.4± 4.1 88.3± 4.2 90.5± 4.6 89.5± 4.9 103.2± 3.4 101.7± 4.3 101.3± 3.7
T10 93.1± 5.2 93.7± 6.3 93.3± 4.9 87.8± 3.9 89.9± 5.5 90.0± 4.9 106.0± 4.3 106.2± 5.4 105.9± 4.0
T11 89.0± 5.2 90.5± 6.4 89.5± 4.3 86.9± 4.2 87.6± 4.4 88.9± 4.0 108.6± 4.7 106.2± 5.3 107.7± 4.4
T12 89.9± 5.1 90.6± 6.3 89.1± 4.1 86.8± 4.2 87.5± 5.4 89.1± 4.9 108.1± 4.4 107.7± 5.3 107.6± 6.0
L1 91.5± 4.9 91.3± 6.5 87.9± 5.0 89.0± 4.0 90.3± 5.4 87.9± 4.1 104.3± 5.3 101.9± 4.7 101.6± 4.1
L2 96.1± 5.9 94.4± 6.4 90.6± 5.3 89.7± 4.1 89.8± 5.1 87.8± 3.5 102.3± 3.8 102.2± 4.9 101.7± 4.3
L3 98.3± 5.1 98.0± 5.7 94.7± 5.5 91.8± 3.8 92.0± 5.0 91.2± 4.0 100.6± 3.8 99.6± 4.0 98.8± 3.5
L4 101.8± 6.1 99.8± 6.1 98.4± 5.7 96.7± 5.6 96.2± 4.6 93.8± 6.3 94.5± 4.8 97.0± 5.6 95.0± 3.4
L5 106.4± 9.1 108.3± 9.0 108.7± 9.8 96.8± 5.8 97.5± 8.9 97.9± 7.5 96.5± 5.4 93.0± 5.7 92.9± 6.9
aA: Women aged 40–64; B: elderly women; C: elderly men
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Table 3 shows the site and forms of vertebral fractures
for men and women, neither showed a significant difference
in the distribution of sites or forms of vertebral fracture. The
most common form was wedge fracture, which occurred
mostly at lower thoracic and upper lumbar vertebral bodies.
Biconcave fractures primarily affected the lumbar verte-
brae. Elderly women tended to have more than one vertebral
fracture (19.4%, versus 9.4% in elderly men, Chi-square
test:P < 0.0001), and the fracture tended to be mostly in the
Group II category (75.3%), more than for their male coun-
terparts, (63.3%, Chi-square test:P < 0.0001). Also, elderly
women had proportionally more crushed fractures (15.3%)
than their male counterparts (3.7%, Chi-square test:P <
0.0001).

In this survey, only six female cases, aged 44, 52, 66, 68,
70, and 78 showed their awareness of vertebral deformity.
Only two (aged 52 and 70) stated that their vertebral defor-
mity were from a fall to the ground. The others cannot
attribute their vertebral deformity to any specific cause.
Three elderly male subjects were aware of their vertebral
fracture, two of them attributed it to some previous trauma
to the spine.

Discussion

The final goal of any osteoporosis prevention or treatment
program is to reduce its complicating fractures; among
these, vertebral fracture is probably the most common, it
occurs earlier than the more lethal hip fractures. The pres-
ence of vertebral fractures can be a future risk factor for hip
fractures [18]. Recent reports also showed an association
with increased long-term mortality rate [19]. Thus, infor-
mation about the prevalence rate of vertebral fracture would
greatly facilitate the understanding of the scale of osteopo-
rosis, and help in policy making concerning the involutional
osteoporosis of a particular population. Previous reports
concerned mostly white populations, particularly women;
many were based on hospital or clinical records, and used
different diagnostic methods.

Most recent surveys have agreed that many of the frac-
tures are asymptomatic, and their timing may be difficult to
ascertain [5, 6, 14]. Thus, the actual incidence rate is diffi-
cult to calculate unless serial X-ray examinations are done.
Prevalence rate rather than incidence rate is usually sought.
In this study, ambulatory Chinese men and women in their
middle or older ages were recruited to be surveyed for the
prevalence of vertebral fractures. Overall, in these cities,
12.5% of the men (adjusted) and 19.8% of the women (ad-
justed) older than 65 had at least one vertebral fracture. If
more stringent criteria were used, 9.3% (adjusted) of the
men and 15.7% (adjusted) of the women older than 65
would show at lest a vertebral compression deformity. The
estimated prevalence of vertebral fractures for all women
older than 40 was 6.8% (Groups I and II) and 4.5% (Group
II only) when the rate was adjusted to the age distribution of
the Taiwanese female population in the year 1993.

To survey only ambulatory volunteers would potentially
underestimate the actual prevalence rate of the general
population because those who are not ambulatory or who
were not willing to be studied might have a much higher
prevalence of vertebral fracture. So the prevalence rate
shown in this study, although relatively high among all the
human races, may still be an underestimation.

The incidence rates of a population’s vertebral fractures
depend heavily on the definition or diagnostic criteria used.
Some previous reports used subjective diagnostic methods,
and were difficult to compare [1–4, 7]. Recent studies
mostly used morphometric criteria. Because there is a
marked difference in the contours of each vertebral body,
using fixed ratio value for all vertebral bodies could be
erroneous [20]. A set of vertebrae-specific ratios for diag-
nostic cutoff values would be more accurate [16, 20]. Re-
cent reports from the European Vertebral Osteoporosis
study group demonstrated that, even with identical methods
performed by the same persons, men and women showed
different reference values. Furthermore, different areas of
Europe gave different reference values [21]. This shows the
need to use gender- and age-specific criteria derived form
the same population. This study also demonstrated small

Table 2. Age-specific and overall prevalence rate of vertebral fracture of Chinese men and women living in cities

Age
(yrs)

Women Men

Female:
Male
Ratio

Gr.. II only
95% C.I. (%)

Gr. I + II
95% C.I. (%)

Gr. II only
95% C.I. (%)

Gr. I + II
95% C.I. (%)

Gr. II
only

Gr. I
+ II

40–44 0% (0/68,∼) 1.5% (1/68, 0–2.9%)
45–49 1/3% (1/73, 0–3/9 %) 2.7% (2/73,0–6.4%)
50–54 3.4% (3/88, 0–7.2%) 4.5% (3/88, 0.2–8.8%)
55–59 1.2% (1/83, 0–3.5%) 4.8% (4/83, 0.2–9.4%)
60–64 3.9% (4/104, 0.2–7.6%) 6.7% (7/104, 1.9–11.5%)
65–69 10.2% (63/618, 7.8–12.6%) 13.9% (86/618, 11.6–16.3%) 6.7% (34/507, 4.5–8.9%) 9.3% (47/507, 6.8–11.8%) 1.5 1.5
70–74 15.2% (66/434, 11.8–18.6%, 20.7% (90/434, 16.9–24.5%) 7.5% (36/481, 5.2–9.9%) 10.2% (49/481, 7.5–12.9%) 2.0 2.0
75–79 19.3% (39/202, 13.9–24.7%) 24.3% (49/202, 18.4–30.2%) 8.3% (22/265, 5.0–11.6%) 12.5% (33/265, 8.5–16.5%) 2.3 1.9
80+ 25.0% (16/64, 14.4–35.6%) 29.7% (19/64, 18.5–40.9%) 21.7% (15/69, 12–31.4%) 27.5% (19/69, 17–38%) 1.2 1.1
Total (crude rate)

ù65 14.0% (12.4–14.6%) 18.5% (16.7–20.3%) 8.1% (6.6–9.6%) 11.2% (9.5–12.9%)
Standardized rate (adjusted by age distribution of the Taiwanese population of 1993)

ù40 4.5% (3.6–5.5%) 6.8% (5.7–8.0%)
ù65 15.7% (13.7–17%) 19.8% (17.7–22.0%) 9.3% (7.7–10.9%) 12.5% (10.7–14.3%)

Parentheses enclose actual numbers of persons with fracture over the total number of subjects in that age group, and the 95% confidence
interval of the prevalence rate estimated
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differences of reference ratios derived from different age
groups and different genders. The reference values here are
similar to the European values. The adjusted data showed
that 12.5% (95% confidence interval 11–14%) of men and
18% (95% confidence interval 18–22%) of women older
than 65 in this population had at least one Group I vertebral
fracture. This prevalence rate for Taiwanese women aged
65–69 is similar to that of the 15% reported for white
women in the midwestern United States [17], and the Japa-
nese-American women of the same age [22]. The female to
male ratio is also compatible with the recent findings of
Cooper et al. [14], who reported a 2:1 ratio in incidence rate.
Because in elderly men the prevalence rate increased
sharply after age 80, this female-to-male ratio of incidence
rate could be near unity at more advanced ages and higher,
about 2:1, for subjects 65–80 years of age. It was previously
demonstrated that spinal BMD of Taiwanese women resid-
ing in Taipei City area is similar to that of US white women
[8]. It appears in this study that urban Taiwanese women
have a similar level of spinal BMD and vertebral fracture
rate as the US white women.

Although older women tend to have more fractures per
person and more Gr. II lesions, elderly men, especially those
who are over 80 years old, also have a high prevalence rate
of vertebral fracture. This is in contrast to previous reports
of male predominance [4, 23] or a female:male ratio of
5-fold or more [12], but is in concordance with recent re-
ports using morphometric methods for surveillance of gen-
eral populations [16].

Of all the vertebral fractures found in this study, only
37.3% in elderly men and 24.7% in elderly women were
Group I category, similar to other reports [14, 15]. This
reflects the relatively poor sensitivity of the morphometric
methods used in this cross-sectional study. A small change
in the dimensions of a vertebral body probably could not be
detected by the two cutoff points used. It may also imply
that once a vertebral body changes its shape because of the
compressive forces imposed upon it, it did not remain a Gr.
I fracture for long.

Trauma of varying degrees of severity to the spine may
cause vertebral fracture. In a study based on clinical diag-
nosis, Cooper et al. [14] reported that 40% of all women

with vertebral fracture recounted a history of spinal trauma.
In this study only a small proportion of the subjects had
noticed or recalled the presence of vertebral fractures before
they were screened. An even fewer proportion of subjects
gave a history of spinal trauma. This sharp contrast may be
due to differences in the medical knowledge, culture, and
lifestyle between the different populations. It demonstrated
the importance of X-ray examination of the spine for accu-
rate diagnosis of vertebral fracture in a survey for mostly
asymptomatic subjects from the general population.

In conclusion, this survey for both men and women in
Taiwan for vertebral fracture randomly selected and exam-
ined elderly men, middle-aged women, and elderly women.
By using age-specific and gender-specific diagnostic crite-
ria that were also vertebrae specific, it was shown that (1)
elderly Taiwanese men and women had adjusted prevalence
rates, 16% overall, similar to those of US and European
white populations and Japanese; (2) elderly women had a
higher prevalence rate of vertebral fracture than men of the
same age (age specific F:M ratios4 1.1–2:1), and tended to
be more severely affected when they fractured their spines;
(3) elderly men, especially after age 80, also had a high
prevalence rate of vertebral fractures.
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