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Abstract
Summary We aim to investigate the nationwide prevalence of asymptomatic radiographic vertebral fracture in Thailand. We found
29%of postmenopausal women had at least one radiographic vertebral fracture. The prevalencewas significantly higher amongwomen
with osteoporosis at the total hip (TH) region which implies that TH bone mineral density is a determinant of vertebral fracture risk.
Introduction Radiographic vertebral fracture is associated with an increased risk of osteoporotic fracture and mortality in
postmenopausal women. We designed a study to determine the prevalence of asymptomatic vertebral fractures in postmeno-
pausal Thai women.
Methods The study was designed as a cross-sectional investigation at five university hospitals so as to achieve representation of
the four main regions of Thailand. Radiographs were taken from 1062 postmenopausal women averaging 60 years of age. The
presence of vertebral fracture was assessed by the Genant’s semiquantitative method with three independent radiologists.
Respective bone mineral density was measured by dual-energy X-ray absorptiometry (DEXA) at the lumbar spine (LS), femoral
neck (FN), and total hip (TH).
Results Among the 1062 women, 311 were found to have at least one radiographic vertebral fracture—yielding a prevalence of
29% (95% CI 23.6–32.0%)—and 90 (8.5%, 95% CI 6.8–10.2%) had at least two fractures. The prevalence of vertebral fracture
increased with advancing age. Most fractures occurred at one vertebra (71%) and only 29% at multiple vertebrae. The prevalence
of vertebral fracture was significantly higher among women with osteoporosis compared with non-osteoporosis at the TH region.
There was no significant difference in the prevalence among women with or without osteoporosis at the LS or FN.
Conclusions Radiographic vertebral fractures were common among Thai postmenopausal women (~ 29%). These findings
suggest that approximately one in three postmenopausal women has undiagnosed vertebral fracture. Radiographic diagnosis
should therefore be an essential investigation for identifying and confirming the presence of vertebral fractures.
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Introduction

Osteoporosis is a chronic disease characterized by low bone
mass and deterioration of the micro-architecture of the bone
tissue, leading to skeletal fragility, predisposing individuals to
fractures. Vertebral fracture is one of the classic hallmarks of
osteoporosis and the most common type of osteoporotic frac-
ture in both men and women [1, 2]. Indeed, not only clinical
vertebral fracture but also asymptomatic radiographic verte-
bral fractures have clinical implications on subsequent frac-
tures, including morbidity, disability, and increased risk of
mortality [3–5]. Nevertheless, underdiagnosis of vertebral
fracture remains a major public health problem worldwide
[6–8]; therefore, identification of individuals with a vertebral
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fracture is essential for giving early intervention to patients at
high risk.

The prevalence of radiographic vertebral fracture in postmen-
opausal Caucasians ranges between 15% and 35% [2]. Although
the prevalence of vertebral fracture amongAsian populations has
not been well-documented, epidemiologic studies from Japan,
Vietnam, China [9], and Hong Kong report a prevalence be-
tween 5.5 and 30% depending on the method of measurement
[10–15]. In Thailand, Trivitayaratana et al. reported a respective
prevalence in women and men of vertebral fracture in Bangkok
of 23% and 26% [16]. Jitapunkul et al. reported that the respec-
tive incidence of vertebral fracture inwomen andmen in a cohort
of a Bangkok suburb, during a 5-year observation, was 32.1/
1000 and 54.5/1000 person per year [17].

Owing to the paucity of any nationwide epidemiologic data
on asymptomatic vertebral fracture, we designed a study to
estimate the nationwide prevalence of asymptomatic radio-
graphic vertebral fracture using a semiquantitative method
among postmenopausal Thais living in the four major regions
(the North, the Northeast, the Central Plain, and the South).

Materials and methods

Study design and participants

The current study was a cross-sectional investigation under-
taken by five university hospitals in Thailand: two centers
f r om t h e C e n t r a l P l a i n ( C h u l a l o n g k o r n a n d
Phramongkutklao Hospitals, Bangkok), one from the North
(Suandok Hospital, Chiang Mai), one from the Northeast
(Srinagarind Hospital, Khon Kaen), and one from the South
(Prince Songkhlanagarind Hospital, Songkhla). All of these
hospitals are tertiary care settings. Postmenopausal women
attending the postmenopausal clinic were recruited if interest-
ed in participating. We excluded the patients with symptoms
such as clinical back pain and historical height loss. We also
excluded patients with comorbidities that affect bone health,
e.g., previous bone tumors, multiple myeloma, or other hema-
tologic malignancies. Based on a previous estimate of the
prevalence of vertebral fracture (~ 20%) with a sampling var-
iability of 5% [18], it was estimated that a sample size of at
least 1060 was required for statistical adequacy to estimate the
true prevalence of vertebral fracture. The local ethics commit-
tee of each of the five universities approved the study and
informed consent was obtained from all individual partici-
pants included in the study. The study was conducted in ac-
cordance with the revised 1983 Helsinki Declaration.

BMD measurement

Bonemineral density (BMD)was determined using dual-energy
X-ray absorptiometry (DEXA) densitometer (2 centers with the

Lunar Prodigymodel and 3 with the Hologic Discovery model).
The densitometers were standardized using the on-board stan-
dard phantom prior to the measurement: all of the study sites
used this same protocol [19, 20]. The bone density of the lumbar
spine (LS), femoral neck (FN), and total hip (TH) of all partic-
ipants was measured. The coefficient of variation for BMD for
normal subjects among centers ranged between 1.5 and 2.0% for
LS and 1.3 and 1.5% for FN and TH. Standardized BMD
(sBMD) was calculated and presented. Osteoporosis was de-
fined by a T score of less than − 2.5 standard deviation (SD),
comparedwith the peak young adult mean for Thai women [21].
After the data collection phase, the lead author examined the X-
rays and patients with any fractured vertebral bodies were ex-
cluded from the calculations.

Radiography and vertebral fracture assessment

A lateral thoraco-lumbar (T-L) X-ray radiograph was taken
with a 101.6-cm tube-to-film distance—as per standard pro-
tocol that included details regarding positioning of the partic-
ipants and the radiographic technique used. Radiographs were
taken in the left lateral position centered at L1 level. There was
no difference in imaging acquisition technique in all study
sites. Radiographic (morphometric) vertebral fracture (re-
ferred to as vertebral fracture in this study) was diagnosed
using the Genant’s semiquantitative method by three indepen-
dent radiologists [22]. All three were well-trained radiologists
who have experienced in musculoskeletal imaging interpreta-
tion for more than 10 years and were expertise in fracture
grading by Genant’s classification. Any difference in the as-
sessment of a joint (among the readers) was resolved by con-
sensus. The kappa coefficient among radiologists was 0.64
(95% CI 0.54–0.76). Vertebral bodies from T4 to L4 levels
were assessed to define vertebral fracture in this study.

Statistical analyses

The prevalence of asymptomatic radiographic vertebral frac-
ture and the 95% confidence interval (using Wilson’s score
method) [23] were calculated for each age strata. To compare
the prevalence of vertebral fracture between the osteoporosis
and non-osteoporosis participants, the Chi-squared test was
used. Statistical analyses were performed using SPSS
Version 17.

Results

A total of 1115 postmenopausal women were recruited in the
study. After excluded 53 subjects with history of chronic back
pain and significant historical height loss, there were 1062
women included for the final analysis. Characteristics of the
participants stratified by group are presented in Table 1. The
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average age for all women was 60 years (range, 36–90). Using
the WHO’s criteria, the prevalence of osteoporosis in the en-
tire sample at LS, FN, and TH was 13.7% (145/1061), 15.5%
(164/1060), and 4.5% (48/1058), respectively. The prevalence
at all sites increased with age.

Among the studied women, 311 were found to have at least
one radiographic vertebral fracture, yielding a prevalence of
29% of whom 90 (8.5%) had at least two fractures. On aver-
age, women with a vertebral fracture were older than women
without fracture (61.4 vs. 59.6 years old, p = 0.003); however,
there were no significant differences in body weight, height,
or BMD between the two groups (Table 1). One, two, and
three vertebral fractures were identified in 71%, 26%, and
2.8%, respectively, of the women suffering fracture. The com-
mon sites of fracture were T12, (14.8%), T11 (13.1%), and L1

(12.7%). The frequency of 3 grades of fracture was grade 1
(57.4%), grade 2 (22.6%), and grade 3 (20.0%) (Table 2). The
prevalence of vertebral fracture increased with advancing age;
for instance, the prevalence of fracture in postmenopausal
women under 50 years of age was 25% which increased to
33% among those 60 over (Table 3). The prevalence of ver-
tebral fracture in women with osteoporosis at TH was signif-
icantly higher than those without osteoporosis (45.8% vs.
28.5%, p = 0.01). There was, nevertheless, no significant dif-
ference in the prevalence among women with or without os-
teoporosis at the LS (33.1% vs. 28.7%, p = 0.163) or FN
(30.5% vs. 29.1%, p = 0.395). The prevalence of osteoporosis
and vertebral fracture by region of Thailand is presented in
Table 4. There was no statistically significant difference in the
prevalence among the regions.

Table 1 Characteristics of
participants All (n = 1062) With vertebral fracture

(n = 311)
Without vertebral fracture
(n = 751)

p value

Age (years) 60.1 (8.6) 61.4 (8.9) 59.63 (8.4) 0.003

Weight (kg) 57.4 (9.3) 57.3 (9.3) 57.4 (9.3) 0.841

Height (cm) 153.2 (5.7) 152.9 (5.8) 153.3 (5.7) 0.370

Body mass index (kg/m2) 24.4 (3.7) 24.5 (3.8) 24.4 (3.7) 0.810

LS BMD (g/cm2) 0.915 (0.163) 0.910 (0.183) 0.917 (0.153) 0.525

FN BMD (g/cm2) 0.727 (0.121) 0.719 (0.129) 0.731 (0.117) 0.137

TH BMD (g/cm2) 0.810 (0.135) 0.800 (0.145) 0.813 (0.131) 0.136

Values were mean (standard deviation)

Table 2 Prevalence of
radiographic vertebral fracture
from all vertebrae according to
vertebral level and grades of
fracture

Vertebrae N/total Prevalence† (95% CI) Proportion when compared with
total vertebral fractures (%)

Number of vertebral fractures 411/13,806 3.0 (2.7, 3.3) -

By vertebral level

T4 11/1062 1.0 (0.5, 1.8) 11/411 (2.7)

T5 18/1062 1.7 (0.1, 2.7) 18/411 (4.4)

T6 24/1062 2.3 (1.5, 3.3) 24/411 (5.8)

T7 22/1062 2.1 (1.3, 3.1) 22/411 (5.4)

T8 34/1062 3.2 (2.2, 4.4) 34/411 (8.3)

T9 44/1062 4.1 (3.0, 5.5) 44/411 (10.7)

T10 25/1062 2.4 (1.5, 3.5) 25/411 (6.1)

T11 54/1062 5.1 (3.8, 6.6) 54/411 (13.1)

T12 61/1062 5.7 (4.4, 7.3) 61/411 (14.8)

L1 52/1062 4.9 (3.7, 6.4) 52/411 (12.7)

L2 28/1062 2.6 (1.8, 3.8) 28/411 (6.8)

L3 21/1062 2.0 (1.2, 3.0) 21/411 (5.1)

L4 17/1062 1.6 (0.9, 2.6) 17/411 (4.1)

By grade of fractures

Grade 1 236/13,806 1.7 (1.5, 1.9) 236/411 (57.4)

Grade 2 93/13,806 0.7 (0.5, 0.8) 93/411 (22.6)

Grade 3 82/13,806 0.6 (0.5, 0.7) 82/411 (20.0)

† Prevalence was shown in percentage
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Discussion

Vertebral fracture is the most common complication of oste-
oporosis and yet the real magnitude of the problem is difficult
to quantify. More than half of all vertebral fractures are
asymptomatic and can go unnoticed. Radiographic diagnosis
is used to identify and confirm the presence of vertebral frac-
ture in clinical practice and research setting.

The growing number of elderly people in Thailand has
been accompanied by an increase in the incidence of osteopo-
rosis [24]. Vertebral fractures show a particularly high rate of
occurrence; thus, it is important to understand the

epidemiology of these fractures and to determine their diag-
nosis and medical treatment. In Thailand, however, few re-
ports have described the prevalence of vertebral fractures [16,
17]. Our study therefore recruited postmenopausal Thai wom-
en from the four major regions of the country, namely, the
North, the Northeast, the South, and the Central Plain, using
Genant’s semiquantitative method to diagnose vertebral frac-
ture(s). A total of 13,806 vertebrae from 1062 participants
were analyzed. Unsurprisingly, we found higher prevalence
of fracture at the thoracic-lumbar levels (T11-L1). However,
the absence of a higher frequency also at the mid-thoracic
level is unusual. This suggests a relatively conservative inter-
pretation for mid thoracic wedges by radiologists which war-
rant caution in extrapolating these findings. The most com-
mon grade of fracture in our study was grade 1 (57.4%) ac-
cording to Genant’s classification which usually present as
asymptomatic fracture.

We found that ~ 29% of the participating postmenopausal
women had asymptomatic vertebral fractures, which is com-
parable with that observed among Caucasian populations
(25% ofwomen 50 or older in the UK [25] and 20% ofwomen
over 65 in a study on osteoporotic fractures [26]) but higher
than the 15% of women over 50 in the Latin American
Vertebral Osteoporosis Study (LAVOS) [27].

Although the overall (i.e., all age groups) prevalence in our
study is comparable with Japanese [10], Vietnamese [12],
Taiwanese, and Chinese women [9, 13–15]), the age-group
prevalence among Thai women under 50 and between 50 and
59 tends to be much higher than among other Asian popula-
tions but is similar to other reports on Thai women. The sub-
stantial variation in the prevalence of vertebral fracture among
populations (and age groups) is probably due to differences in
population characteristics, the BMD reference database, ge-
netics, lifestyle patterns, and methods of vertebral fracture
assessment [28].

There is no single best method for assessing vertebral frac-
ture [29] and concordance between methods is modest (coef-
ficient ranging between 0.53 and 0.68) [30]. The estimate of
the prevalence of radiographic vertebral fracture based on the
current study is within the international variability ranges. We
also found that the fracture at the lower thoracic spine and
upper LS was the most common, which is consistent with
other reported observations of Caucasian and Asian

Table 3 Prevalence of radiographic vertebral fracture in
postmenopausal Thai women

Participants N/total Prevalence† (95% CI)

Women with any vertebral fracture 311/1062 29.2 (23.6, 32.0)

By age group

< 50 21/84 25.0 (15.7, 35.2)

50–59 123/477 25.8 (21.9, 29.7)

60–69 111/340 34.8 (27.6, 37.6)

70+ 56/161 34.8 (27.4, 42.2)

By BMD

Any sites

Osteoporosis 77/234 32.9 (26.9, 38.9)

Non-osteoporosis 233/823 28.3 (25.2, 31.4)

LS

Osteoporosis 48/145 33.1 (25.4, 40.8)

Non-osteoporosis 263/916 28.7 (25.8, 31.6)

FN

Osteoporosis 50/164 30.5 (23.4, 37.5)

Non-osteoporosis 261/896 29.1 (26.1, 32.8)

TH

Osteoporosis 22/48 45.8 (31.7, 59.5) *

Non-osteoporosis 288/1010 28.5 (25.7, 31.3)

Number of women with

1 fracture 220/1062 20.8 (18.3, 23.2)

2 fractures 82/1062 7.6 (6.0, 9.2)

3 fractures 9/1062 0.8 (0.3, 1.4))

† Prevalence was shown in percentage

*p value < 0.05 compared with non-osteoporosis

Table 4 Prevalence of
osteoporosis and vertebral
fracture by region of Thailand

North Northeast South Central

Osteoporosis N/total (%) N/total (%) N/total (%) N/total (%)

LS 24/213 (11.3) 38/213 (17.8) 29/211 (13.7) 54/424 (12.7)

FN 38/213 (17.8) 18/213 (8.5) 16/211 (7.6) 92/424 (21.7)

TH 9/213 (4.2) 16/213 (7.5) 5/211 (2.4) 18/424 (4.2)

Vertebral fracture 61/213 (28.6) 73/213 (34.3) 54/211 (25.5) 123/424 (29.0)
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populations [25, 26]. We did not, however, assess fracture at
the L5 level, which is where previous studies indicated was
the most common site of fracture, especially in women.

In our study, we found that only women with osteoporosis
at the TH had a significantly higher risk of vertebral fracture,
which agrees with the consistent association among the prev-
alence of TH osteoporosis and vertebral fracture in the various
regions. This implies that TH BMD is a better determinant of
vertebral fracture risk. However, the prevalence of osteoporo-
sis was low (4.5%) at the TH, with substantially higher based
upon either spine LS or femoral neck FN BMD (13.7% at the
LS, 15.5% at the FN, respectively). This may be the cause that
the relationship of osteoporosis to vertebral fractures was far
stronger for the more specific TH than for the LS or FN. The
use of BMD in the other sites for fracture risk assessment
should be re-evaluated for the sake of cost-effectiveness and
pharmacological interventions. Since economic resources are
limited, it is prudent to look for robust determinants that close-
ly relate fractures with more serious outcomes.Wewould then
be able to give the most appropriate and cost-effective treat-
ment to high-risk persons.

The previous studies in Thailand regarding prevalence of
asymptomatic vertebral fractures were conducted only in
Bangkok, which is the capital city of Thailand. The novelty
of our study is its nationwide multi-center approach from
which our participants were recruited from the four major
regions of the country, which increases the study’s external
validity. The data were obtained from both rural and urban
areas which provide a broadly representative population of
Thai postmenopausal women. Moreover, this study examined
the prevalence of fracture using semiquantitative measure-
ment by Genant’s classification. Three independent radiolo-
gists reviewed and interpreted the radiographs using Genant’s
standard method, which is more objective and reproducible
(i.e., sensitive) than other qualitative methods [22].

Care should be taken in extrapolating these results to other
populations due to the many differences in diet, activity level,
and general health among countries. All participants were re-
cruited from tertiary care setting which may lead to a selection
bias. An effect from the selection bias may be seen as a very
high prevalence rate of vertebral fracture, 25%, in postmeno-
pausal women younger than 50 years of age. In addition, the
BMD measurement variability among machines and differ-
ences in precision errors also make comparisons among stud-
ies difficult. The current study was designed to assess verte-
bral fracture between the T4 and L4 levels, which are the
common sites of osteoporotic fractures. It is possible, howev-
er, that not all radiographic fractures found in our study can be
attributed to osteoporosis.

In conclusion, radiographic vertebral fractures were quite
common among the postmenopausal Thai women in our study
(~ 29%), but the prevalence is comparable with Asian and
Caucasian populations, using similar semiquantitative

methods of measurement. These findings suggest that approx-
imately one in three postmenopausal women in Thailand has
undiagnosed vertebral fracture; therefore, radiographic diag-
nosis should be an essential investigation for identifying and
confirming the presence of vertebral fractures.

Limitations

There was a poor association between spine BMD with frac-
ture risk, possibly because fractured vertebral bodies were
included in the analysis of spine BMD, resulting in a falsely
high BMD value. But in order to correct for this and to have a
valid definition for osteoporosis, we used non-fractured levels
for the analysis.
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