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as a Screening Tool to Identify Osteoporosis in Thai
Postmenopausal Women
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ABSTRACT

Objective: To compare the performance of the WHO fracture risk assessment FRAX® tool and
Alara Metriscan for screening osteoporosis in elderly Thai women using spine and hip BMD
measurement by DXA.

Materials and Methods: This study included postmenopausal Thai women, aged between 50 and
90 years, who came to check for osteoporosis at Banpho Hospital. Those met at least one of
the criteria for routine axial densitometry according to the Thai Osteoporosis Foundation (TOPF)
were recruited. The correlation between the FRAX® tool and Alara Metriscan, or FRAX® tool
combined with Alara Metriscan classification and the actual BMD-based classification (by DXA)
are summarized. Receiver operating characteristic (ROC) curves were constructed for FRAX®
tool and Alara Metriscan.

Results: This study included 438 postmenopausal Thai women, of whom 122 (27.9%) had
osteoporosis. The mean+SD of age, body mass index were 66.4+10.6 years, 23.3+.3.5 kg/m?,
respectively. The sensitivity of FRAX® and Alara Metriscan to identify osteoporosis were high
(83.6% and 96.7% respectively) but the specificity (72.1%) and PPV (53.6%) of FRAX® were
better. However, there is no difference in the AUCs Standard error (SE) of FRAX® (0.857(0.021))
and the AUCs (SE) of Alara metriscan (0.861(0.019)). The combination of FRAX® and Alara
Metriscan had lower sensitivity (81.9%) but high specificity (79.4%) to identify women with
osteoporosis. When combined FRAX® with Alara Metriscan the LR+ was 3.98 (95%CI :3.16-
5.03) and LR- was 0.23 (95%CI:0.15-0.33).

Conclusions: FRAX® WHO Fracture Risk Assessment Tool and Alara Metriscan may be helpful to
identify women at risk of osteoporosis. Combination of both tools were significantly improve
the screening of osteoporosis in postmenopausal Thai women.

Keywords: postmenopausal osteoporosis, FRAX, radiographic absorptiometry, bone density,
alara metriscan
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Introduction

The prevalence of osteoporosis In the Thai
population was 19.8-24.7% and 13.6-19.3% at the
lumbar spine and femoral neck, respectively. The
incidence of hip fracture for age-adjusted rates (per
100,000) was 289 in women while the mortality rate
after hip fracture during hospitalization was 12% per
yearV. Early recognition and management for those
who may have risk for fractures will be beneficial for
postmenopausal women.

Osteoporosis is diagnosed by bone mineral
density (BMD) measurements. BMD measurements
with dual X-ray absorptiometry (DXA) can be used to
estimate the bone density in the central skeletal sites
such as hip or spine. Central DXA has become the gold
standard for the assessment of osteoporosis®. While
central DXA is generally a good predictor of fracture
risk, the machines are typically large, expensive,
and required a trained operator. In addition, it is time
consuming and is not suitable for the primary care
setting. Therefore, osteoporosis screening with DXA
is not reccommended because of its cost-benificial®4.

DXA is suitable for diagnosis of osteoporosis, not
for the screening. Large numbers of potential patients
can be reached by questionnaire-based methods.
Various questionnaire-based systems have been
created to produce a cost-effective method osteoporosis
screening. Questionnaires ask about clinical risk
factors for osteoporosis and convert the answer to the
quantitative scores. The scores are designed to give
information on those patients at risk of having low bone
mineral density, and those who need to undergo a full
assessment of their bone status.

Questionnaires currently used are the
Osteoporosis Self-assessment Tool (OST, OSTA),
Osteoporosis Risk Assessment Instrument (ORAI),
Simple Calculated Osteoporosis Risk Estimation
(SCORE), Osteoporosis Index of Risk (OSIRIS),
the risk index derived using data from the study of
osteoporotic fractures (SOFSURF)®. OSTA index or
KKOS is suggested by Thai Osteoporosis Foundation
(TOPF) because of its low cost®. Although OSTA
index or KKOS scoring system has very high sensitivity
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for screening osteoporosis, the specificity and positive
predictive value are low. This index may not be sufficient
to diagnose but may be enough as a screening tool for
osteoporosis™.

In 2008, the World Health Organization (WHO)
have focused on developing a risk assessment tool
(FRAX®) using clinical risk factors with and without
femoral neck BMD to enhance fracture prediction®. It
is calculated on the basis of several large long-term
prospective cohort studies and is available to be
accessed (http://www.shef.ac.uk/FRAX)®. The FRAX®
algorithm is correlated with ethnics using clinical risk
factors with or without femoral neck BMD measurement,
to calculate an individual’s 10-year probability of hip
fracture and 10-year probability of major osteoporotic
(hip, clinical vertebral, wrist, humerus) fracture. The
development of the FRAX® tool has been supported by
organizations, including the International Osteoporosis
Foundation (IOF) and the National Osteoporosis
Foundation (NOF) in the United States. Based on the
results of a U.S. -specific cost-effective analyses!"”, NOF
recently modified its treatment guidelines to recommend
pharmacologic therapy for adults aged 50 years and
older meeting specific criteria, including osteopenia
(BMD T score between -1 to -2.5) and 10-year absolute
probability of hip (3% or higher) or major osteoporotic
(20% or higher) fractures as calculated by the FRAX®
tool™.

Radiographic absorptiometry (RA) (Alara
Metriscan, Hayward, Calif., USA) is the modern-day
descendent of radiographic photodensitometry(®. The
ability to digitize and to perform computerized analysis
of high-resolution radiographic images reduce errors
comparing with radiographic exposure techniques and
overlying soft tissue thickness. The accuracy of RA
for assessment of bone mineral content of the middle
phalanges was at 4.8% with total clinical precision error
0f1.1%3). The ability to predict bone density at other
skeletal sites from hand radiographic absorptiometry
is as good as other techniques such as single-photon
absorptiometry, dual-photon absorptiometry, dual-
energy X-ray absorptiometry, or quantitative computed
tomography of the spinet™. However, RA hand cannot
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be used to predict bone density at other skeletal sites.

To our knowledge, there is no data of for FRAX®
and Alara Metriscan measurement in Thai population.
The primary objective of this study was to compare the
value of the WHO fracture risk assessment FRAX® tool
and Alara Metriscan in discriminating osteoporosis
in elderly Thai women(as defined by DXA-determined
BMD). We also investigated whether WHO fracture risk
assessment FRAX® tool can be used together with Alara
Metriscan.

Materials and Methods
Settings and Subjects

The present study was designed as a cross
sectional investigation of 438 postmenopausal
women (defined by cessation of normal menstruation
for at least 1 year) (October 2010 and September
2011) who came to evaluate the possibility of
osteoporosis (without known diagnosis of osteoporosis
or terminal illness) at Banpho Hospital, Banpho,
Chachoengsao, Thailand. All women are Thai, aged
between 50 and 90 years old. Subjects met at least
one of the criteria for routine axial densitometry from the
Thai Osteoporosis Foundation (TOPF)®. The exclusion
criteria were history of metabolic bone disorders (other
than postmenopausal bone loss), presence of cancer(s)
with known metastasis to bone, history of previous hip
fracture, history of hip or knee prosthesis, abnormal
features of bone at the non-dominant hand on physical
examination. The present study was approved by the
Ethics Committee of Chachoengsao Hospital and the
informed consent was obtained from all participants.

Measurements

Participants were assigned to see and to be
interviewed by trained research nurse. Body weight
(including light indoor clothing) was measured using an
electronic balance scale (accuracy 0.1 kg) and standing
height (without shoes) was measured by a stadiometer
(nearest 0.1 cm). Participants were asked to fill in the
questionnaire, consisting of 7 questions regarding risk
factors for osteoporosis according to FRAX®) (accessed
for via the University of Sheffield website). Subjects
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were then examined by both Alara Metriscan and DXA
of the lumbar spine (vertebrae L1-L4), femoral neck
and the total hip regions.

FRAX®

The WHO Fracture Risk Assessment Tool
(FRAX®) web version 3.4 can be accessed through the
University of Sheffield website (http://www.shef.ac.uk/
FRAX). This evaluation results in nine important risk
factors including age, weight, height, previous fragility
fracture, parental hip fracture, current smoking, regular
intake of 3 or more units of alcohol daily, rheumatoid
arthritis, oral glucocorticoids (current therapy or former
exposure to glucocorticoids) as well as, alternatively,
causes of secondary osteoporosis or femoral BMD. The
FRAX® algorithm is country specific and uses clinical
risk factors, without consideration of femoral neck
BMD measurement. This information and risk factors
are identified and estimated in a complete program
calculated into a 10-year probability of hip fracture and
10-year probability of major osteoporotic (hip, clinical
vertebral, wrist, or humerus) fracture.

As there are currently no data of Thai population
for FRAX® measurement, the Thai Osteoporosis
Foundation (TOF) has initially studied and tested
FRAX®. Data have shown that it is appropriate to
use FRAX® with Asian population including Japan
and Thai. WHO does not make recommendation for
intervention since it depends on various factors. WHO
has suggested that treatment should be determined by
each country, based on the local healthcare policy and
cost-effectiveness for the treatment of osteoporosis.
Intervention guidelines have been setin UK, USA and
Sweden®19,

Criteria suggested by the Thai Osteoporosis
Foundation (TOF) can be used in women with a 10-year
probability for hip fracture of 3% or more or a 10-year
probability for other major osteoporotic fractures of
20% or more for therapeutic intervention®. However,
women with a 10-year probability for hip fracture of
3% or more or a 10-year probability for other major
osteoporotic fractures of 20% or more are classified as
“high risk” and otherwise, a “low risk” as a screening
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tool for the identify high-risk candidates for developing
inter-vention guidelines.

The Alara Metriscan phalangeal densitometer

A compact digital radiographic absorptiometry
(RA) device is used to determine the phalangeal bone
mineral density of the middle phalanges of the 29, 3
and 4" digits of the non-dominant hand. This technique
uses a self-contained single energy (60 kV) X-ray system
(Alara Metriscan, Hayward, Calif., USA). The images are
recorded on phosphor plate which is scanned to extract
the image. The hand radiograph is corrected according
to a record reference image startup. An aluminium
wedge contained in the image is used as an image
positioning reference. The segmented of soft tissue
and bone were analysed in separate components. The
ROls are automatically identified and outlined. Density
is estimated in the three phalanges and expressed
in arbitrary units (mineral mass/area). T-scores were
expressed using local reference data. Woman with
radiographic absorptiometry (RA) test measurement
was expressed in T-score. The value below -2.5 was
considered as “high risk? The patient X-ray exposure
is less than 0.012 uSv per examination. The total clinical
precision error was 1.1%.

Dual-energy X-ray absorptiometry (DXA)

Areal bone density was measured by Lunar
DPX NT, the direct-digital narrow-angle fan beam
system (GE Healthcare, Madison, Wisconsin, USA), by
specially trained and certified technicians. The BMD
measurement was expressed in T-scores based on the
National Health and Nutrition Examination (NHANES
Ill) database at the lumbar spine (vertebrae L1-L4)
hip and were used as gold standard. For the purpose
of this analysis, osteoporosis (the outcome measure)
was defined as a T-score below —2.5 at the spine and/
or femoral neck and/or hip. It has precision error of PA
spine 1.0%, proximal femur 1.0% and Dual FemurTM
< 1.0%.

Statistical analysis

Descriptive statistics were used to describe
study subjects’ characteristics. In this study, BMD from
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DXA was used as a gold standard. Each woman was
classified as having “osteoporosis” if her BMD T-score
was equal to or less than -2.5. Otherwise these women
was classified as “non-osteoporosis” The differences
in age, body weight, height and body mass index (BMI)
between the two groups were analyzed by t-test. The
correlation between the FRAX® tool, Alara Metriscan,
FRAX® tool combined with Alara Metriscan and the
actual BMD-based classification (by DXA) were
summarized by a 2x2 table. Osteoporosis was defined
as aT-score below —2.5 at the spine and/or hip. Receiver
operating characteristic (ROC) curves were constructed
by calculating the specificity and sensitivity of FRAX®
tool and Alara Metriscan at different cut point values
in discriminating osteoporosis (as defined by DXA-
determined BMD). Areas under the curves (AUCs) were
computed. Sensitivity was defined as the proportion of
subjects with osteoporosis who had a positive FRAX®
tool or Alara Metriscan test. Specificity was defined as
the proportion of subjects without osteoporosis who had
a negative FRAX® tool or Alara Metriscan test. For each
test, the positive predictive value (PPV) was calculated
as true positive (positive test and osteoporosis) divided
by the number of subjects with a positive test. The
negative predictive value (NPV) was calculated as
true negative (negative test and without osteoporosis)
divided by the number of subjects with a negative
test. All statistical analyses were conducted with the
use of SPSS16.0 for Windows and MedCalc® version
12.1.0.0. Reported p-values are two-sided. The nominal
significance level was set at p < 0.05.

Results
Subject characteristics

The study population consisted of 438
postmenopausal Thai women, aged between 50 and
90 years. One hundred twenty two of them (27.9%) had
osteoporosis. The mean+SD of age, body weight, height
and body mass index were 66.4+10.6 years, 55.2+9.0
kg, 153.6+5.9 cm. and 23.3+3.5 kg/m?, respectively. The
women with osteoporosis were older with significantly
lower weight, height and body mass index (BMI)
(Table 1).
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Table 1. Demographic characteristics of study subjects and results of the DXA measurements

Variable Population Osteoporosis Non-osteoporosis p
N 438(100%) 122 (27.9%) 316 (72.1%)
Age (years) 66.4(10.6) 73.7 (9.1) 63.6(9.8) <0.001
Weight(kg) 55.2(9.0) 49.5 (8.0) 57.4(8.4) <0.001
Height(cm) 153.6(5.9) 151.0 (6.1) 154.6 (5.5) <0.001
Body mass index (kg/m?) 23.3(8.5) 21.7 (3.3) 24.0 (3.3) <0.001

Abbr: DXA, dual-energy X-ray absorptiometry, Values are mean (+SD).

Table 2. Prevalence of osteoporosis and non-osteoporosis by dual energy X-Ray BMD and risk category

Risk category Population Osteoporosis Non-osteoporosis
(n=438) (n=122) (n=316)
FRAX®
High-risk 190 (43.4%) 102 (23.3%) 88 (20.1%)
Low-risk 248 (56.6%) 20 (4.6%) 228 (52.1%)

Alara Metriscan
High-risk
Low-risk

271 (61.9%)
167 (38.1%)

FRAX® & Alara Metriscan
High-risk
Low-risk

165 (37.7%)
273 (62.3%)

18 (26.9%)
4 (0.9%)

153 (34.9%)
163 (37.2%)

100 (22.8%)
22 (5.0%)

65 (14.8%)
251 (57.3%)

FRAX® tool showed that 43.4% of women
presented as “high risk” while 56.6% of them were “low
risk” of osteoporosis. Alara Metriscan showed that
61.9% of these women were “high risk” while 38.1%
of them were “low risk” of osteoporosis. FRAX® tool
combined with Alara Metriscan demonstrated that 37.7%
of these women were “high risk” and 62.3% of them
were “low risk” (Table 2).

Comparing FRAX® or Alara Metriscan alone with
DXA, the sensitivity of FRAX® and Alara Metriscan in
identifying osteoporosis were high (83.6% and 96.7%
for FRAX® and ,Alara Metriscan respectively) but the
specificity of FRAX® and Alara Metriscan were average
(72.1% and 51.5%, respectively) (Table 3).

However, the PPV, NPV of them were comparable.
Both tests had low PPV (53.6, 43.5% for FRAX® and
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Alara Metriscan, respectively) but high NPV (91.9,
97.6%) (Table 3).

The Receiver operating characteristic
(ROC) curves for identifying women with osteoporosis
is shown in Fig.1. The Hip Fracture (Hip Fx) and
Major Osteoporotic Fracture (Major Fx) ROC curves
demonstrated the AUCs (SE) of 0.857 (0.021) and 0.854
(0.021), respectively whereas the Alara metriscan curve
was 0.861(0.019). The AUC difference of hip fracture
(hip Fx) and Alara metriscan had no different (p = 0.85).
Similar trends were hip Fx observed when analyzing
the AUC difference between major osteoporotic fracture
(Major Fx) and Alara metriscan (p=0.77).

Combination of FRAX® with Alara Metriscan
demonstrated reduction of sensitivity (81.9%) to identify
osteoporosis but increase specificity (79.4%) and
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PPV(60.6%). There was on NPV. demonstrated good strength for the combination of
Good diagnostic test should have LR+ and FRAX® and Alara Metriscan (LR+ was 3.98 (95%Cl

LR- around 10, 0.1 while very good strength should :3.16-5.03) and LR- was 0.23 (95%CI :0.15-0.33)).

be 5, 0.2 and average strength is 2, 0.5 Our results

Table 3. Diagnostic performance of FRAX® tool, Alara Metriscan and FRAX® tool with Alara Metriscan to define
osteoporosis using the standard assessment by dual energy X-rays BMD

Tools Sensitivity %  Specificity%e PPV % NPV% LR+ LR-
(95%Cl) (95%Cl) (95%Cl) (95%Cl) (95%CI)  (95%CI)
FRAX® 83.6 72.1 53.6 91.9 3.00 0.23
(75.8-89.6) (66.8-77.0) (46.3-60.9) (87.8-95.0) (2.47-3.65) (0.15-0.34)
Alara Metriscan 96.7 515 43.5 976 2.00 0.06
(91.8-99.1) (45.9-572)  (37.5-49.6) (93.9-99.3) (1.77-2.25) (0.02-0.17)
FRAX® & 81.9 79.4 60.6 919 3.98 0.23

Alara Metriscan (73.9-88.3) (74.5-83.7)  (52.7-68.1) (88.0-94.8) (3.16-5.03) (0.15-0.33)
Abbr: PPV, positive predictive value ; NPV, negative predictive value ; LR+, positive likelihood ratio ; LR-,negative
likelihood ratio.

100 F
80 [
> o6of — Hipfx AUC=0.857
3z R e N p— Maijfx AUC=0.854
> 4 Alara Metriscan AUC=0.861
é a0}
20 [ ,";
0 | 2 2 2 2 .
0 20 40 60 80 100
100-Specificity
Hip Fx AUC (SE) : 0.857(0.021), 95%CI (0.820-0.888)
Major Fx AUC (SE) : 0.854(0.021), 95%CIl (0.818-0.886)

Alara metriscan AUC (SE) : 0.861(0.019), 95%CI (0.825-0.892)
AUC = Area under curve, SE = Standard error

Fig 1. Receiver operating characteristic (ROC) curves for Prediction of Hip Fracture (Hip Fx ), Major Osteoporotic
Fracture (Major Fx), and Alara metriscan to screen for osteoporosis at the spine or hip for all subjects.
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Discussion

Fractures related to osteoporosis are a major
health issue and produce a significant economic and
social burden in Asian countries. In 2001, the Asian
Osteoporosis Study (AOS), a multi-national research
survey, investigated the incidence of hip fracture in
Thailand. The age-adjusted rates (per 100,000) were
114 and 289 in men and women, respectively®.
Osteoporotic fractures, particularly hip fractures, are
associated with chronic pain and disability, loss of
independence, decreased quality of life, and increased
mortality. In Thailand, the mortality rate after hip
fracture during hospitalization was 12% per year(.
Early recognition and management of individuals who
may be susceptible to fractures provides a substantial
benefit by reducing the burden of fractures.

A number of questionnaire-based systems have
been revised in an attempt to produce a cost-effective
method of screening for osteoporosis. Risk assessment
questionnaires have been published by the NOF and the
International Osteoporosis Foundation. However, none
of them has been subjected to rigorous development
and validation processes. In contrast to these risk
assessment tools, several screening instruments have
been constructed and tested. Validated instruments
have varying complexity, but similar sensitivity and
specificity for identifying individuals at risk. The area
under the receiver operating characteristic curve was
between 0.75 (SOFSURF) and 0.81(SCORE).

The simplest tool (OST), uses only age and
weight, demonstrates an AUC of 0.79""). These risk
assessment tools are developed for European and
American (Caucasian) population which have different
size, lifestyle, food and environmental from Asians
population. Therefore, Osteoporosis Self-assessment
Tools for Asian (OSTA) have been developed and more
popular for Asian people. In Thailand, OSTA index has
high sensitivity (88-93%) and specificity (45-61%). The
ROC curves are range from 0.74 to 0.76("®9). Currently,
there is no accurate risk assessment tools for elderly
women.

Our results showed that FRAX® tool measurement
was good. However,the U.S. Preventive Services Task
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Force AUC estimates for FRAX® ranged from 0.54
to 0.78 for osteoporotic fractures and 0.65 to 0.81 for
hip fractures®?. The same as Kristine E, et al®” and
Florence A, et al® studies compared FRAX® with
simple models, such as age and BMD or age and
fracture history, showed that simple models are as good
as FRAX® in predicting 10-year risk of hip and major
osteoporotic fracture.

This study showed that Alara metriscan had
a highest sensitivity (96.7%) and NPV (97.6%), but
lowest specificity (51.5%) and PPV (43.5%). The Alara
metriscan ROC curve was characterized by AUC of
0.861 (0.019), similar Boonen et al®,

Postmenopausal Belgian women were tested
with QUS of the calcaneus, DXR of the metacarpals
of the hand, RA of the phalanges, and DXA of the
lumbar spine and total hip. These results demonstrated
that phalangeal RA was the most accurate of various
peripheral techniques for central DXA. The sensitivity
for identifying women with osteoporosis was 77% using
DXR and 83% using RA. The DXR and RA curves were
characterized by AUCs of 0.84 and 0.80, respectively.
These suggest that phalangeal RA may be at least
as effective as pre-screening methods for targeting
DXA testing in high-risk postmenopausal women.
These results contradict with study from Radiological
Associates of Sacramento, CA®. Preliminary results
indicate that the cutoff T-score of MetriScan at -2.5
give the sensitivity and specificity of the lumbar spine
(L2-L4) and hip (Total Hip) at 52.5%, 90.5% and 61.8%,
89.9%, respectively.

Evidence showed that FRAX® combined with
Radiographic absorptiometry (RA) of phalanges
(Alara, MetriScan) for osteoporosis screening in
postmenopausal women has never been studied for
their accuracy. Kung et al® assessed the combination
of quantitative bone ultrasound (QUS) and the OST
index in postmenopausal Asiatic women. They
proposed a cutoff for the densitometry of a T-score at
<-2.35and an OSTA at < - 1. The sensitivity increases
from 79% to 91%, but specificity decreases from 59%
to 44%.

Pongchaiyakul C, et al®® compared the
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Osteoporosis Self-assessment Tool for Asians (OSTA),
KKOS score and quantitative bone ultrasound (QUS)
in identifying subjects with low BMD by DXA in Thai
women. QUS was measured by Achilles+ (GE Lunar,
Madison, WI, USA) and converted to T-score. The
OSTA and KKOS score was calculated for each woman
using her age and weight. Women with OSTA/KKOS
scores < -1 and > -1 were classified as “high risk” and
“low risk’ respectively. The sensitivity of QUS was lower
than the sensitivity of OSTA/KKOS (60 vs. 71/74%) but
the specificity and PPV of QUS were higher than OSTA/
KKOS. The sensitivity increased when using OSTA/
KKOS combined with QUS to identify osteoporosis
(~87-89%) while the specificity, PPV and NPV were
comparable with using clinical risk indices alone.

This study found that FRAX® combined with
Alara Metriscan reduced the sensitivity to 81.9%, but
increased specificity to 79.4%. The negative predictive
value (NPV) at 91.9% allows for the exclusion of
healthy women. This will reduce unnecessary bone
density examinations in lowest risk population. A
good screening tools must have a high sensitivity
in order to include most of the cases. The FRAX®
would recommend BMD testing in 46.3% of women
without osteoporosis, whereas the Alara Metriscan
would suggest testing in 56.4% of women without
osteoporosis.

The National Osteoporosis Foundation (NOF)
guidelines were the least specific. It suggests BMD
testing in 90% of women without osteoporosis.
However, we used FRAX® with Alara Metriscan suggest
BMD testing only 39.3%. These women must be
confirmed by BMD testing before receiving treatment.
So FRAX® tool and Alara Metriscan do not need to
have both high sensitive and high specificity. There is no
harm for unnecessary treatment or invasive diagnosis
testing in case of a false positive.

A major strength of this study was the high risk
approach which is more reliable than other forms. The
measurement of BMD in the present study was based
on the DXA instrument, which is considered to be one of
the most accurate and valid methods of measurement.
This is the first report using FRAX® WHO Fracture
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Risk Assessment Tool and the Alara Metriscan as a
screening tool for identification osteoporosis in Thai
postmenopausal women.

Limitations of the study was the small sample
size. The subjects have a selection bias among
participants as a group of government officials, levels
of education, lifestyles, cultural backgrounds and
environmental living conditions. All subjects met at
least one of the criteria for routine axial densitometry
were consistent with those of the Thai Osteoporosis
Foundation (TOPF). They are not a random sample
of the population and have higher prevalence of
osteoporosis than the general population. Thus, the
future should be conducted in a larger sample sized.

Conclusion

Using FRAX® WHO Fracture Risk Assessment
Tool and the Alara Metriscan can help target BMD
measurements to women at risk for osteoporosis.
Combination of the FRAX® risk assessment tool and
Alara Metriscan were significantly improve screening
for osteoporosis. This approach could be used in a
primary care setting or community-based hospital as
a first-line in postmenopausal women where an axial
DEXA is not available.
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