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Abstract
Dual energy X-ray absorptiometry (DXA) is the gold standard modality for non-invasive diagnosis of osteoporosis but
controversy exists about the optimal site (s) for bone mineral density (BMD) measurement. The objective was to find out
impact of adding distal forearm BMD to hip and spine measurements on final diagnosis of a DXA study. This prospective
study recruited 279 consecutive patients [female 256 (92%); male 23 (8%)] with a mean age of 63.25 ± 10.62 years from
April 2011 to April 2012. The BMD was measured over hip (total hip and femoral neck), spine and distal forearm in all
patients. Based on T-Score values of hip and spine (2 sites), diagnosis was normal in 34%, low bone mass in 40% and
osteoporosis in 26% patients. However, adding distal forearm BMD and T-score (3 sites), diagnosis was normal in 28%,
low bone mass in 37% and osteoporosis in 35%. Therefore, distal forearm BMD has upstaged the diagnosis from normal to
low bone mass in 14%, from normal to osteoporosis in 2% and from low bone mass to osteoporosis in 18% patients. We
conclude that combining distal forearm BMD with spine and hip can identify more patients with low bone mass or
osteoporosis.
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1 Introduction
Osteoporosis is a common condition associated with an increased risk of fracture, morbidity, and mortality [1].
Measurement of bone mineral density (BMD) using dual energy X-ray absorptiometry (DXA) is the “gold-standard”
method for the noninvasive diagnosis of osteoporosis [2, 3]. The World Health Organization (WHO) criterion for the
diagnosis osteoporosis is based on T-score which is number of standard deviation (SD) values that the measured BMD of
the hip, lumbar spine, or distal 1/3rd forearm varies from the mean BMD of a young-adult reference population [4].
According to International Society for Clinical Densitometry (ISCD) official position statement, BMD is measured at
lumbar spine (posterior –anterior view; PA) and hip in all patients and over non-dominant forearm (distal 1/3rd) BMD
when hip and/or spine cannot be measured or interpreted, in cases of hyperparathyroidism, or in very obese patients
(beyond the weight limit for DXA table) [5]. Studies have shown that DXA of distal forearm to be a good predictor of
osteoporotic fractures, both at the spine and the hip [6, 7]. Most of the centers around the world measure BMD at two sites
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(hip and spine) with inclusion of distal forearm in special circumstances as per ISCD guidelines [5]. However, certain
centers routinely measure BMD at 3 sites with a premise that inclusion of distal forearm BMD, results in upstaging in the
final diagnosis in small but significant percentage of studies [8].
The objective of this study was to find out impact of adding distal forearm BMD to hip and spine measurements on final
diagnosis of a DXA study.

2 Material and methods
This is a prospective study conducted at department of radiology, Aga Khan University Hospital, Karachi, Pakistan from
April 2011 to April 2012. We recruited 279 consecutive patients who were referred for BMD estimation by DXA over hip,
spine and distal forearm. Patients with history of primary hyperparathyroidism were excluded from the study. Patients
were advised to stop their calcium supplement 24 hour prior the test. Patients who had oral or intravenous contrast based
radiological examination or nuclear medicine procedure, DXA study was deferred for 6-10 days to avoid erroneous values.
BMD of hip (left hip or right hip in case of severe arthritis or implant over left side), spine (L1-4) and non-dominant
forearm as per ISCD recommendations [5] was estimated using Discovery A, Hologic, USA. BMD and T scores over total
hip, femoral neck, lumbar spine and distal forearm were used for analysis.
According to WHO recommendation, diagnosis was made on basis of lowest T score at any measured site (T score ≥ -1 SD
= Normal; T score between -1 and -2.5 SD = Low bone mass, and T Score ≤-2.5 SD = Osteoporosis).
Data was analyzed by using commercially available packages the Medcalc® statistical software version 11.3.10 and
statistical package for social sciences (SPSS version 17®). Comparisons between patient groups were performed using
Student’s t test for continuous variables (null hypothesis that a sample mean is equal to a given mean with unknown
standard deviation or certified value) and the Chi-square (χ2) test for categorical variables. Continuous variables were
described by mean ± standard deviation (SD). For all P-values <0.05 were selected as significant.

3 Results
We recruited 279 patients [female 256 (92%); male 23 (8%)] with a mean age of 63.25 ± 10.62 years (range 26-91 years).
The lowest mean BMD and mean T scores were found at distal forearm (BMD: 0.471 ±0.080: range 0.242 - 0.698; T score:
-2.004 ± 1.635: range -6.3 – 2.3, significant p value). The highest mean BMD and mean T scores were found at spine
(BMD: 0.896 ± 0.228: range 0.228 – 1.810; T Sore: -1.257 ± 1.635: range -5.4 – 5.4, significant p value). Mean BMD and
T scores of total hip and femoral neck were between two limits over distal forearm and spine (see Table 1).
By considering the distal forearm BMD as an independent and comparing with other variable (as hypothesized as
dependant variables) it was found significantly low as compared with spine, total hip and femoral neck although with
smaller scattered values i.e. smaller SD (see Table 2). In normal (T score ≥ 1SD as per WHO criteria) and abnormal DXA
studies (T score < 1SD as per WHO criteria) [3 sites], statistically significant highest mean BMD was found over lumbar
spine followed by total hip, femoral neck and the lowest over distal forearm (see Table 3).
Based on T-Score values of hip and spine (2 sites), diagnosis was normal in 34%, low bone mass in 40% and osteoporosis
in 26% patients. However, adding distal forearm BMD and T-score (3 sites), the diagnosis was normal in 28%, low bone
mass in 37% and osteoporosis in 35% (see Figure 1). Therefore, distal forearm BMD has upstaged the diagnosis from
normal to low bone mass in 14%, from normal to osteoporosis in 2% and from low bone mass to osteoporosis in 18%
patients (see Figure 2).
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Table 1. Patients’ demographics
Variables

Total population (279)

Range
Lowest

Highest

Age (mean± SD) years

63.25 ± 10.62

26 years

91 years

256: 23 (92%: 8%)

----

0.811 ± 0.150
-1.909 ±1.22

0.360
-4.8

1.244
2.5

<0.0001*

0.672 ± 0.151
-1.564 ± 1.151

0.303
-4.9

1.106
1.3

<0.0001*

0.896 ± 0.228
-1.257 ± 1.635

0.228
-5.4

1.810
5.4

<0.0001*

0.471 ± 0.080
-2.004 ± 1.635

0.242
-6.3

0.698
2.3

<0.0001*

Gender
Female: Male
Total hip
BMD (mean± SD)
T score (mean± SD)
Femoral neck
BMD (mean± SD)
T score (mean± SD)
Spine
BMD (mean± SD)
T score (mean± SD)
Distal forearm
BMD (mean± SD)
T score (mean± SD)

p value
<0.0001*
<0.0001*

Note. SD= Standard Deviation. BMD=Bone Mineral Densitometry. *p<0.05

Table 2. Comparative analysis of mean bone mineral densitometry of distal forearm with other sites.
Dependant variables

t-test

P value

Total Hip BMD Vs Distal Forearm BMD

-33.347

<0.0001*

Femoral neck BMD Vs Distal Forearm BMD

-19.612

<0.0001*

Spine BMD Vs Distal Forearm BMD

-29.327

<0.0001*

Note. BMD=Bone Mineral Densitometry; *p<0.05

Figure 1. Overall change in diagnosis of dual energy X-ray absorptiometry at two sites of spine and hip values by adding
distal forearm values.
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Figure 2. Upstaging in diagnosis of DXA report by adding distal foream to hip and spine BMD values.
Table 3. Comparison of bone mineral densitometry values in normal and abnormal findings.
Variables

BMD values of Normal
DXA (94)
(T score ≥ -1SD)
Mean ± SD

BMD values of Abnormal
DXA (185)
(T score < -1 SD)
Mean ± SD

t-test

95% Confidence
Interval

p value

Lumbar spine BMD

1.018 ± 0.177

0.834 ± 0.226

-6.890

-0.2366 to-0.1314

<0.0001*

Total hip BMD

0.898 ± 0.168

0.767 ± 0.119

-7.526

-0.2366to-0.1314

<0.0001*

Femoral neck BMD
Distal Forearm
BMD

0.751 ± 0.148

0.632 ± 0.137

-6.673

-0.1541to-0.08389

<0.0001*

0.499 ± 0.090

0.456 ± 0.070

-4.392

-0.1541to-0.08389

<0.0001*

Note. BMD=Bone mineral densitometry. *p<0.05

4 Discussion
DXA is an established gold standard modality for non-invasive diagnosis of osteoporosis but controversy exists about the
optimal site (s) for BMD measurement. Hip and lumbar spine are the two most commonly used sites but International
Osteoporosis Foundation (IOF) recommends measurement at hip only [3] while ISCD recommends measurement at hip and
spine in all and distal forearm in special circumstances [5]. In this study we have measured BMD at all three sites as in
osteoporosis rate of bone loss varies according to the patient’s age and skeletal site and studies have shown that using only
one site like whole body BMD [9] or hip only may lead to false negative results of DXA reports [10]. Furthermore, reports
have shown positive association between number of osteoporotic sites and fracture risk [11]. However, a large metaanalysis
revealed that using the minimum site for fracture risk assessment was no better than using a single site [12].
In this study, the spine has the highest BMD values followed by hip and distal forearm in patients with normal and
abnormal studies. This is usual pattern with a reported 10%-15% annual fall over these sites in normal women [13].
Similarly, lower or higher BMD values over distal forearm were found to be a good predictor of presence or absence of
osteoporosis at femoral neck and spine respectively [7].
Most important outcome of this study is the impact of distal forearm DXA in upstaging the diagnosis from normal to
abnormal or from low bone mass to osteoporosis in a significant number of patients. This means that using 2 sites (spine
and hip) in these patients would have underestimated or missed the diagnosis of either low bone mass or osteoporosis. This
is in accordance with a recently published study on patients with primary hyperparathyroidism in which worst BMD
values were found at distal forearm with upstaging in diagnosis to low bone mass or osteoporosis in 9.4% of patients [8].
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The greater impact of distal forearm DXA in our study might be due to smaller scatter (small ± SD) of BMD as compared
with spine and hip and a subtle change in distal forearm BMD should have an exponential change in T score. This is the
reason for higher upstaging from normal to low bone mass and from low bone mass to osteoporosis and little impact on
upstaging normal to osteoporosis. Implication of adding distal forearm DXA results in a better diagnostic accuracy in a
significant number of patients, timely treatment which lowers the risk of fracture, associated morbidity and immense
financial burden. We cannot neglect the additional but avoidable radiation exposure by adding distal forearm in a standard
DXA study. Radiation dose to patient from a DXA of distal forearm delivers 0.1 micro Sievert (uSv) which is a trivial dose
and much below the natural background (in United Kingdom natural background radiation exposure is 7 uSv/d) [14].
However, one cannot deny that implication of missing or under-diagnosing the osteoporosis would be exorbitant which
could be avoided at the cost of trivial radiation dose to patient. We did not follow these patients for the treatment on the
basis of their DXA findings and complications which is a limitation of the study indeed. Another limitation of this study is
female predominance in the study cohort which is the usual referral pattern in our clinical practice. This study also draws
our attention toward the importance of standardization of measuring sites for DXA which needs a consensus among the
major stakeholders.
We conclude that BMD over distal forearm is significantly low as compared with hip and spine and inclusion of distal
forearm DXA to spine and hip measurements can identify more patients with low bone mass or osteoporosis.
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