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Objective: To measure lumbar spine and hip bone mineral density (BMD) and to define the Thai normal reference for 
classifying BMD results and diagnosis of osteoporosis in Thai women using a new mobile central dual energy X-ray 
absorptiometry (DXA).
Material and Method: This cross-sectional investigation recruited 779 Thai women between 20 and 85 years. Lumbar spine 
and hip BMD was measured by DXA (Osteosys Dexxum-T). The BMD results were classified by T-score as per WHO criteria.
Results: Advancing age was negatively correlated with BMD at both sites, whereas body weight was positively correlated 
to BMD at both. The correlation between BMDs at the lumbar spine and hip was 0.67 to 0.69. The peak BMD was observed 
in women between 20 and 24 years at both sites, with a respective mean and standard deviation of 1.0820.153, 1.1150.161, 
0.8780.150, and 0.9460.125 at L1-4, L2-4, the femoral neck and total hip. Using the Thai references derived from peak 
BMD, the prevalence of osteoporosis was 5.1 to 5.5 and 3.1 to 6.3% at the lumbar spine and hip, respectively, which was 
lower than the Asian reference as provided by DXA.
Conclusion: The present study suggested that using the T-score provided by the Osteosys Dexxum-T over-diagnosed 
osteoporosis in Thai women. The authors recommend using Thai normal reference from the present study to define the BMD 
result in Thai women.
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 The cornerstone for the diagnosis and 
treatment of osteoporosis is the accurate assessment 
and optimal reporting of bone mineral density (BMD) 
results. It is generally accepted that BMD, measured 
by dual energy x-ray absorptiometry (DXA), is the 
strongest predictor of osteoporotic fracture(s)(1). At 
present, central or axial BMD measured at the hip       
and lumbar spine is recognized as the gold standard 
and recommended by most organizations for 
osteoporosis(2-4) including the Thai Osteoporosis 
Foundation (TOPF)(5). In some developing countries 
(including Thailand), DXA is not widely available. 
There are only about 100 machines in all of Thailand 
with a population of 60 million. Moreover, most of the 
machines are at a university or at a private or provincial 
hospital. Therefore, finding a new method for early 

identification and facilitating timely intervention for 
subjects with a high-risk for developing osteoporosis 
and preventing fracture is very important.
 In 2009, the Osteosys Dexxum-T(6), a central 
DXA from Korea, was launched in Thailand. It has 
some advantages over standard DXA such as shorter 
scanning time, lighter weight, micro-emissions of 
X-rays obviating the need for a shielding room, a small 
bed size, and an auto-tube current setting for individual 
patients. Therefore, it can serve as a mobile DXA. The 
reference data for classifying the BMD measurements 
is based on both Korean and Asian populations. The 
present study was designed to measure BMD in Thai 
women and to establish the normal reference for 
classification of BMD among Thais facilitating 
diagnosis of osteoporosis in Thai women.

Material and Method
Subject and setting
 The authors designed a cross-sectional study, 
using multistage, stratified sampling of the Thai 
population. The first stage was a random sample of 
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four provinces from each of Thailand’s four regions. 
In the second stage, three to five districts were selected 
from each of the same provinces. Next, the advertisement 
was posted at the provincial hospitals and in the health 
sector in each of the same provinces. In the final stage, 
at least 45 women were selected in 11 age sub-groups 
(20-24, 25-29, 30-34, 35-39, 40-44, 45-49, 50-54,        
55-59, 60-64, 65-69, and 70+ years, respectively). The 
targeted final sample size was 495 participants, and  
the final sample collected was 779 participants. The 
Khon Kaen University Ethics Committees examined 
and approved our study protocols. Informed written 
consent was obtained from each participant. The 
present study was conducted in accordance with the 
1975 Helsinki Declaration (revised 1983).
 Each individual who agreed to participate was 
given a questionnaire (by trained study staff), which 
included questions on age, menstrual status and 
underlying diseases. We excluded individuals with 
previous bone disorders, chronic diseases, or history 
of taking medications affecting calcium and bone 
metabolism except calcium and vitamin D (i.e., steroids, 
thyroid hormone, fluoride, bisphosphonates, selective 
estrogen receptor modulators, strontium ranelate, anti-
epileptics, thiazides, calcitonin, and alcohol abuse).

Measurements
 Body weight was measured on an electronic 
scale with indoor clothing without shoes. Height was 
determined without shoes on a portable stadiometer. 
Body mass index (BMI) was calculated as the ratio of 
weight (kg) over height squared (m2).
 BMD (g/cm2) at the lumbar spine and hip, 
was measured by dual-energy X-ray absorptiometry 
using an Osteosys Dexxum-T densitometer (OsteoSys 
Co. Ltd., Seoul, Korea). Five densitometers of the same 
model and using the same software were calibrated 
with a standardized phantom before each measurement. 
Five well-trained technicians validated the results.       
The coefficient of variation of BMD for normal 
subjects was 1.2 to 1.5 and 1.4 to 1.8 at the hip and 
lumbar spine, respectively. The densitometer provided 
the BMD and T-score for each site measured. We used 
the WHO criteria to categorize the T-score into             
three groups, osteoporosis if the T-score was ≤-2.5, 
osteopenia if T-score was between -1 and -2.5, and 
normal if T-score was ≥-1(1,7).

Statistical analysis
 Statistical analyses were performed using 
SPSS for Window version 17, (SPSS Inc., Chicago). 

Descriptive statistics were calculated for each age group 
and the results expressed as the mean and standard 
deviation (SD). BMD values were analyzed in 5-year 
intervals by calculating the mean and SD. The correlation 
between BMD, age, body weight and height was 
obtained using the Pearson correlation coefficient (r). 
The statistical significance was defined at p-value <0.05.
 In the analysis, we used the functional 
relationship between age and BMD to construct a 
reference range. A series of polynomial regression 
models were fitted to the lumbar spine (L1-4 and L2-4), 
femoral neck and total hip BMD as a function of     
BMD = y0 + a (age) + b (age)2 + c (age)3, where y0 is 
the intercept; a, b and c are the regression parameters 
which were estimated from the observed data. Reduced 
models (i.e., quadratic and linear) were considered, 
and the final model selected. Based on the results for 
BMD, peak BMD and standard deviation (SD) for the 
lumbar spine (L1-4 and L2-4) and hip (femoral neck 
and total hip) were used. We then calculated the T-score 
for each participant and used the WHO criteria to 
classify the T-score into three groups, osteoporosis, 
osteopenia, and normal(1,7).

Results
 Seven hundred seventy nine women 
participated in the study. The regional distribution of 
participants was similar. Age averaged 49.613.5 years 
(range, 20-85). Some 264 women (33.9%) were 
menopausal and the average number of years since 
menopause was 11.8.
 Advancing age was negatively correlated  
with BMD at the lumbar spine (r = -0.34, p<0.001 and 
-0.33 at L1-4 and L2-4, respectively) and hip (r = -0.44, 
p<0.001 and -0.33, p<0.001 at the femoral neck and 
total hip, respectively), whereas body weight was 
positively correlated with BMD at the lumbar spine       
(r = 0.24, p<0.001 and 0.23 at L1-4 and L2-4, 
respectively) and hip (r = 0.32, p<0.001 and 0.33, 
p<0.001 at the femoral neck and total hip, respectively). 
Height was positively associated with the lumbar       
spine (r = 0.22, p<0.001 at both L1-4 and L2-4) and 
hip (r = 0.32, p<0.001 at both the femoral neck and 
total hip). The correlation of the BMDs between the 
femoral neck and lumbar spine was 0.67 (p<0.001) and 
between total hip and lumbar spine was 0.69 (p<0.001).
 The relationship between BMD at both sites 
was best described by a third-degree polynomial 
regression model (Table 1, Fig. 1). The relationship 
was characterized by three phases, (1) BMD increased 
between 20 and 25 years of age, (2) followed by a 
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steady state (between 25 and 45 years), then (3) a 
gradual decline after the 45 years of age. The peak 
BMD was observed in women between 20 and 24 years 
of age at both the lumbar spine and hip (femoral neck 
and total hip). Bone mineral density at both sites 
decreased with increasing age; however, the decrease 
in BMD was more pronounced at the hip particularly 
after 50 years of age (Table 2).
 The respective peak BMD (mean and SD) 
derived from young adults (aged 20-24 years) in the 
current study was 1.0820.153, 1.1150.161, 
0.8780.150 and 0.9460.125 at the L1-4, L2-4, 
femoral neck and total hip. Based on the peak BMD, 
we calculated the cut-offs for osteopenia and 
osteoporosis at the lumbar spine and hip (Table 3). 
Using these cut-offs, the prevalence of osteoporosis 
was 5.1 to 5.5 and 3.1 to 6.3% at the lumbar spine and 
hip, respectively. While the age-adjusted prevalence 
of osteoporosis was 3.4 to 3.6 and 2.0 to 4.1% at the 
lumbar spine and hip, respectively. The prevalence 
increased with advancing age; for instance, in women 

over 50, 60, and 70+, the prevalence of osteoporosis 
at the lumbar spine (L1-4) was 4.2 (9/216), 11.9 
(16/134), and 30.4% (17/56), respectively, while the 
prevalence of osteoporosis of the total hip was 5.6 
(12/216), 13.4 (18/134), and 28.6% (16/56), respectively.
 In the current study, the prevalence of 
osteoporosis using an Asian-based reference in the 
machine was higher than when using a Thai reference-
as derived from the Thai normal reference created in 
the present study. The age-adjusted prevalence of 
osteoporosis for all of the subjects was 13.6, 11.0, 9.3, 
and 4.1% at the L1-4, L2-4, femoral neck, and total 
hip, respectively. The prevalence was increased with 
advancing age; for instance, among women 50 and 
over, the age-adjusted prevalence of osteoporosis was 
33.0, 25.6, 26.6, and 13.0% at the L1-4, L2-4, femoral 
neck, and total hip, respectively.

Discussion
 Currently, osteoporosis is operationally 
defined in terms of BMD, which is compared to a 

Table 1. Estimates of parameters of the polynomial regression model

Bone mineral density Parameters R2 SSE
y0 a (age) b (age)2 c (age)3

Lumbar spine 1-4 0.5777 (0.1849) 0.0311 (0.0117) -0.0006 (0.0002)   0.000003 (0.000001) 0.13 0.16
Lumbar spine 2-4 0.6226 (0.1936) 0.0301 (0.0122) -0.0006 (0.0002)   0.000003 (0.000001) 0.12 0.17
Femoral neck 0.5073 (0.1484) 0.0230 (0.0094) -0.0005 (0.0002)   0.000002 (0.000001) 0.22 0.13
Total hip 0.6845 (0.1574) 0.0129 (0.0100) -0.0002 (0.0002) 0.0000004 (0.000001) 0.15 0.14

Values are the coefficient (standard error) of the model; BMD = y0 + a (age) + b (age)2 + c (age)3; R2 = coefficient of 
determination indicates the proportion of variance in BMD; SSE = standard error of estimates

Fig. 1 Relationship between age and bone mineral density at the lumbar spine, femoral neck and total hip (lines were 
developed from equations).
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normative database(8). It is well accepted, however, that 
BMD measurement differs across ethnicities(8-11); so, 
the referent database should be ethnicity-specific. A 
further challenge in Thailand is that most of the 
available central DXA machines are located in 
hospitals, particularly at universities, in private and in 
some provincial hospitals. Hence, the plan to use a 
mobile central DXA with a Thai reference is appropriate 
for early identification of individuals in the community 
at risk for osteoporotic fracture.
 We found that the best relationship between 
age and BMD in the present study followed a third 
degree polynomial function, which is consistent with 
a recent study(12). Thai women achieved their peak 
BMD between 20 and 24 years of age, which was 
similar to Caucasians (20-25 years)(13-16). The peak 
BMD in this study is earlier than previously reported 
for Thai women (30-34 years)(17) and some Asian 
women(12,18). Although it is not possible to determine 
the underlying factors for this apparent difference, it 
is well-known that differences in interactions between 
endogenous and exogenous factors-including genetics, 
food intake, menstrual history, lifestyle and physical 
activity-may affect the results of peak BMD(19-21).
 In the current study, we have shown that       
there is a discrepancy in the diagnosis of osteoporosis 
when using the Thai referent vs. the Asian reference 
data provided with the densitometer. When using the 
Thai normative data, the prevalence of osteoporosis in 
Thai women 50+ years was 9.1 to 10.3% at the lumbar 
spine and 5.9 and 11.3% at the femoral neck and total 
hip, respectively. However, using the DXA-provided 
Asian reference, it was 24 to 31% at the lumbar        
spine and 24.1 and 11.3% at the femoral neck and total 
hip, respectively. Thus, use of the reference data 
resulted in a higher prevalence of osteoporosis in the 
Thai population. Differences in the prevalence of 
osteoporosis might be explained by differences in the 
peak BMD and SD between the Osteosys Dexxum-T 
normative data and the present normative data;            
even though, the SD for BMD is very stable across 
populations.
 In 2001, Limpapayom et al reported the           
age-adjusted prevalence of osteoporosis was 19.8% 
and 13.6% for lumbar spine and femoral neck, 
respectively(22), whereas in two other studies (one 
hospital-based and the other rural) the respective 
prevalence of osteoporosis in Thai women was 21.4  
to 24.7% and 11.9 to 19.3% at the lumbar spine and 
femoral neck(23,24). The discrepancy might be explained 
by differences in the study populations, peak BMD of Ta
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the populations (i.e., rural women had a higher peak 
BMD than urban women), nutritional transition(25,26), 
and health promotion in osteoporosis prevention, 
physical activity and exercise by the TOPF and Thai 
Health Promotion Foundation (http://en.thaihealth.
or.th/).
 The differences between the prevalence of 
osteoporosis in the current study and previous          
studies among postmenopausal women in Thailand 
(+50 years - the common age range for osteoporosis 
and osteoporosis-related fractures) might be explained 
by the lower peak BMD in the current study or the 
higher BMD among the postmenopausal women            
in  the previous studies. However, it is difficult to 
compare peak BMD between the studies as the 
densitometers and the software used were different  
and there is no standardized BMD to correct between 
the Osteosys Dexxum-T machine and the other 
densitometers. Further research is therefore needed       
to standardize between the new machine used in the 
current research and previous machines (i.e., Lunar, 
Hologic or Norland); including comparing the peak 
BMD between studies(27). Moreover, in the past       
decade, osteoporosis and osteoporosis-related        
fractures have been recognized as a health problem in 
Thailand. Health promotion has included, adequate 
calcium intake, more physical activity and weight 
bearing exercise, identification and correction of        
risk factors. Related to this, the clinical risk indices 
(i.e., Osteoporosis Self-Assessment Tool (OSTA)(28) 
and Khon Kaen Osteoporosis Study (KKOS) score(29) 
- developed from Thai postmenopausal women - were 
used for screening. It is possible that these policies        
and strategies could improve the BMD status and 
further decrease the prevalence of osteoporosis among 
postmenopausal Thai women.
 The present results must be interpreted within 
the context of strengths and potential limitations.               
(1) The study represents one of the largest studies on 
osteoporosis in the Thai population and, as such, it       
has increased the reliability of estimates for peak  
BMD, and prevalence of osteoporosis. (2) The study 

population included all four regions of Thailand as well 
as both urban and rural areas, making it representative 
of the general population. (3) The technique used           
for measurement of BMD is considered the “gold 
standard”.
 The study also had a number of potential 
weaknesses: (a) The participants came in response to 
an advertisement so the sample may represent a 
selective bias. (b) Peak BMD should be estimated from 
a longitudinal study in which a large number of women 
have been followed from childhood to the age of 35, 
but such a study is not practicable. (c) The estimate of 
peak BMD in a cross-sectional study that can be biased 
by unmeasured confounders. Notwithstanding the 
limitations, the present findings have important         
public health and clinical implications: this new, less 
expensive machine can be used as a mobile central 
DXA, for defining BMD status and diagnosing 
osteoporosis at a community level.
 In conclusion, these data demonstrate that the 
prevalence of osteoporosis in postmenopausal Thai 
women is lower than in previous Thai studies. The        
data indicate that using the T-score provided by the 
Osteosys Dexxum-T over-diagnosed osteoporosis in 
Thai women. The authors propose using the data 
developed from the study for defining BMD status and 
for diagnosing osteoporosis in Thai women. 
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ความหนาแนนของกระดกูสนัหลงัสวนเอวและกระดกูสะโพกในสตรีไทยจากการวดัดวยเครือ่งตรวจความหนาแนน
ของกระดูกยี่หอ Osteosys Dexxum-T

ฉัตรเลิศ พงษไชยกุล, แพรว โคตรุฉิน

วัตถุประสงค: เพื่อวัดและหาคาอางอิงของความหนาแนนของกระดูกสันหลังสวนเอวและกระดูกสะโพกในสตรีไทยในการจําแนก
ผลตรวจความหนาแนนของกระดูก และวินจิฉยัโรคกระดูกพรุนโดยใชเคร่ืองวัดความหนาแนนของกระดูกแกนกลางชนิดเคล่ือนยาย
วิธีการศึกษา: เปนการศึกษาแบบตัดขวางในสตรีไทยจํานวน 779 ราย อายุระหวาง 20-85 ป ความหนาแนนของกระดูกสันหลัง
สวนเอวและกระดูกสะโพกวัดโดยเครื่องตรวจความหนาแนนของกระดูกย่ีหอ Osteosys รุน Dexxum-T ผลตรวจความหนาแนน
ของกระดูกจะจําแนกโดยคา T-score ตามเกณฑขององคการอนามัยโลก
ผลการศึกษา: อายุมีความสัมพันธในเชิงบวกในขณะท่ีนํ้าหนักตัวมีความสัมพันธในเชิงลบกับความหนาแนนของกระดูกท้ังสอง
ตําแหนง คาสัมประสิทธิ์สหสัมพันธระหวางความหนาแนนของกระดูกสันหลังกับกระดูกสะโพกเทากับ 0.67-0.69 พบมวลกระดูก
สูงสุดในชวงอายุระหวาง 20-24 ปท้ังสองตําแหนง โดยมีคาเฉล่ียและคาเบ่ียงเบนเทากับ 1.082±0.153, 1.115±0.161, 
0.878±0.150 และ 0.946±0.125 ที่กระดูกสันหลังสวนเอวปลองท่ี 1-4, กระดูกสันหลังสวนเอวปลองท่ี 2-4, กระดูกคอสะโพก 
และกระดกูสะโพกรวมตามลําดบั เม่ือเปรียบเทียบจากมวลกระดูกสงูสดุของการศึกษาน้ี พบความชุกของโรคกระดกูพรุนทีต่าํแหนง
กระดูกสันหลังสวนเอว รอยละ 5.1-5.5 และที่กระดูกสะโพก รอยละ 3.1-6.3 ซึ่งต่ํากวาความชุกของโรคกระดูกพรุนจากการใช 
คาอางอิงของชาวเอเชียที่ไดจากเครื่อง
สรุป: การศึกษานี้แสดงใหเห็นวาการใชคา T-score จากเคร่ืองตรวจความหนาแนนของกระดูกย่ีหอ Osteosys รุน Dexxum-T 
จะทําใหวินิจฉัยโรคกระดูกพรุนในสตรีไทยมากเกินจริง ผูนิพนธเสนอใหใชคาอางอิงท่ีไดจากการศึกษาน้ีในการจําแนกผลตรวจ    
ความหนาแนนของกระดูกในสตรีไทย


