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Abstract
Background: The objective of this study was to establish a triage cut-off point or threshold for peripheral bone
mineral density (BMD), applicable to black postmenopausal women, and that could be used as a screening
method to differentiate between women with normal BMD, and those with possible central osteoporosis. This was
a cross-sectional study design conducted in the North West province. Central and peripheral BMD was measured
in 184 black, urban postmenopausal women.
Method: Receiver operating curves (ROC) analysis was used to establish cut-off points. Sensitivity, specificity,
positive and negative predictive value, odds ratios and likelihood ratios were determined.
Results: The results showed a prevalence rate of 41.3% for central osteoporosis. The area under the curve (AUC)
for osteoporosis at the hip was 0.818, and for the spine, it was 0.771. Using the optimum cut-off point (0.371 g/cm2),
our results showed a misclassification rate of ≈ 49% for spine osteoporosis, and a negative predictive value of 0.825.
Women who had a forearm BMD below this threshold were ~10 times more likely to have osteoporosis of the spine.
Conclusion: We recommend using 0.371 g/cm2 as a cut-off point to differentiate between women who have
normal BMD, and those with possible osteoporosis of the spine.
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Introduction

advisable to consider alternative methods of identifying
patients at high risk of developing osteoporosis.

Osteoporosis is considered to be a silent killer and as a
result of its neglected status, especially in developing
countries, the associated risks (i.e. bone fractures)
are fast becoming a serious public health concern.1,2
Osteoporosis affects nearly 200 million people
worldwide, and with an estimated prevalence of 30% in
postmenopausal women, bone mineral density (BMD)
has become the single most important measurement
in the evaluation and diagnosis of osteoporosis and
its concomitant risks.3 The most significant sites for
osteoporotic fractures are the spine and femoral neck,
and according to Ivorra Cortés et al, the measurement
of BMD at central sites (spine and hip) is the best
prognostic factor of osteoporotic fractures.1,2,4 It is widely
recognised that the strength of BMD measurement
to predict future fractures is approximately threefold
higher than the strength of serum cholesterol to predict
cardiovascular diseases.5

According to the World Health Organization (WHO),
osteoporosis can be defined as “a systemic skeletal
disease, characterised by a low bone mass and a
micro-architectural deterioration of bone tissue, with a
consequent increase in bone fragility and susceptibility
to fractures”.6 It has been shown that the risk of fractures
can be assessed from BMD measurements obtained
from peripheral sites.7-9 One such example, the distal
forearm, might act as a surrogate for the spine and hip.
The current T-score criteria of the WHO to define
osteoporosis (-2.5 SD) cannot be applied universally
to BMD measurements of peripheral sites (such
as the forearm). This is partially due to differences
between the young reference populations, as well
as different bone composition and age-related
bone loss differences.10 Criteria for the selection cutoff values for osteoporosis are based on data on
Caucasian women. However, according to the latest
Middle East and Africa regional audit (Epidemiology,
Cost and Burden of Osteoporosis in 2011), released
by the International Osteoporosis Foundation (IOF),
black South African women appear to have similar
vertebral BMD, and equal vertebral fractures, to those
of Caucasian women, yet their hip BMD values still

There are various techniques to measure BMD, but
the one that is currently used most is dual-energy
X-ray absorptiometry (DXA). DXA is a high-precision
BMD measurement and is considered to be the “gold
standard”. However, it is expensive to purchase, is large
and bulky, and the test measurements are costly. This
makes it unsuitable for research studies. Therefore, it is
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remain significantly higher.11 Furthermore, in addition
to an increased life expectancy (osteoporosis risk
factor), lifestyle behaviours generally associated with
favourable overall and bone health, are also lacking
in black women, viz. low dietary calcium intake, and
vitamin D and human immunodeficiency virus (HIV)/
acquired immune deficiency syndrome (AIDS) status.12

licensed radiographer. A quality control (QC) scan was
undertaken daily to ensure precision with the required
coefficient of variation (CV). All scan analyses were
performed by one operator.
The study was approved by the Ethics Committee of
the North-West University (Potchefstroom Campus,
NWU-00016-10-A1), and the study protocol conforms to
the ethical guidelines of the Declaration of Helsinki, as
revised in 2004. All subjects gave informed consent.

It is becoming more evident that osteoporosis is an equal
opportunity disease. Therefore, the aim of this study
was to establish a triage cut-off point or threshold for
peripheral BMD, applicable to black postmenopausal
women, that could be used as a screening method to
differentiate between women with normal BMD, and
those with possible central osteoporosis.

Data analysis
Data were analysed using the Statistical Software for
Social Sciences programme (SASW Statistics 18 for
Windows, SPSS, Chicago, Illinois, USA). Descriptive variables are presented as mean ± standard deviation (SD)
or mean ± standard error of mean. Independent t-tests
were used to compare the variables between groups,
to determine significant differences. Pearson’s correlation coefficient was used to examine the correlation
between distal forearm BMDDTX and BMDDXA measurements, as well as between BMDDTX and central sites.
The osteoporotic status of the women was defined by
a BMDDXA T-score of ≤ -2.5 SD at any of the central sites.
We calculated T-score values using the Caucasian reference range, due to a lack of an African reference
range database. The percentage of subjects with a
T-score of ≤ -2.5 SD at either hip or spine, was used to
calculate the prevalence of overall central osteoporosis in the population-based sample, as determined by
BMDDXA scans.

Method
Research design
This cross-sectional study was part of the South African
arm of the Prospective Urban and Rural Epidemiology
study (PURE). The PURE study, coordinated from
the Population Health Research Institute, Ontario,
Canada, is a longitudinal study designed to track the
development of chronic lifestyle diseases, in urban
and rural subjects, in approximately 20 developing
countries.13
Participants and experimental procedure
An availability sample of 184 black, urban
postmenopausal women (> 47 years of age, and
based on their follicle stimulating hormone status) from
the North West province in South Africa was recruited
for the study. Forearm bone density measurements
(BMDDTX) were performed at the distal and ultradistal sites in the non-dominant arm, using a DTX200 peripheral DXA system (Osteometer MediTech,
Hawthorn, California, USA). Conventional central bone
density (BMDDXA) scans of the lumbar spine (L1-L4)
and hip were performed using a Hologic Discovery-W
(Hologic, Waltham, Massachusetts, USA). The results for
each variable were calculated by the methodology
described in the user manuals of each manufacturer.
The following skeletal BMD results were recorded: distal
(radius plus ulna) forearm, femoral neck, total hip,
and lumbar spine (L1-L4). According to Patel et al, the
distal site is defined as the 24 mm-long section of bone
immediately proximal to the reference line where the
separation between the radius and ulna is 8 mm.14 It
consists of 87% cortical bone, and 13% trabecular
bone. The ultra-distal site is defined as the area distal to
the 8 mm reference line, and it contains 45% cortical,
and 55% trabecular bone.14 The Osteometer DTX-200
yields data on both the distal and ultra-distal sites.
However, only the distal site values are reported. An
availability sample out of the original group of women
(n = 86) participated in the next phase, during which
peripheral BMDDXA scans were performed to determine
total forearm, distal forearm, and ultra-distal forearm
bone densities. All BMD testing was performed by a
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To give a representation of the range of BMDDTX, and to
assess the agreement between the BMD as measured
by the DXA and Osteometer, two plots were drawn up as
described by Bland and Altman.15,16 Receiver operating
curves (ROC) analysis was used as an evaluating
graphical method to display the discriminatory
accuracy of a diagnostic test, to distinguish between
two populations (“diseased” and “non-diseased”).
ROC curves are a trade-off between sensitivity (truepositive rate) vs. 1-specificity (false-positive rate) across
a range of values of the marker. The sensitivity and
specificity of BMDDTX in detecting central osteoporosis
were calculated by creating dichotomous variables for
each central site. Using the study criteria, participants
deemed to have normal or healthy central bone
density, classified by the study criteria as osteoporotic,
represented the false-positive rate. Participants with
normal or healthy bone density, classified by the study
criteria as normal or healthy, represented the truepositive rate. In the context of this study, the presence
or absence of hip or spine osteoporosis was considered
the diagnostic criterion for constructing the ROC curves.
ROC analyses were used to determine the area under
the curve (AUC), which is an indicator of the overall
accuracy of the diagnostic value of the test. A rough
guide used to classify the accuracy of a diagnostic test
is the traditional academic point system: fail: 0.50-0.60;
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poor: 0.60-0.70; fair: 0.70-0.80; good: 0.80-0.90; and
excellent: 0.90-1.00.

± 9.39 years, with a mean height of 1.54 ± 0.06 m, a mean
weight of 68.46 ± 17.70 kg, and a mean BMI of 28.73
± 7.24 kg/m2. The mean forearm BMDDTX was 0.423
± 0.10 g/cm2 vs. mean BMDDXA of 0.624 ± 0.09 g/cm2
(32.2% lower recorded value opposed to BMDDXA
values). According to the central BMDDXA results, the
overall prevalence of osteoporosis was 41.3% (19.6%
with osteoporosis of the spine, 8.2% with osteoporosis of
the hip, and 13.6% with osteoporosis at both sites), while
58.7% had normal levels of bone mass (Table I).

The optimal cut-off point for the best trade-off is the
value with the highest accuracy that maximises the
sum of the sensitivity and specificity (Youden’s index).
Youden’s index (YI) can be defined as J = sensitivity –
(1-specificity), and ranges between 0 and 1. Complete
separation of the distribution of the marker values for
the diseased and healthy population results in J = 1,
whereas a complete overlap gives J = 0. The YI is easy
to apply, and does not require further information,
such as prevalence rates and decision error costs.
A second method was also used to calculate the
shortest distance to the (0.1) point on the ROC curve:
[(1-sensitivity)2 + (1-specificity)2].

The Pearson correlation coefficient between forearm
BMDDTX and forearm BMDDXA was r = 0.71, p-value < 0.01
(data not shown). Strong positive correlation
coefficients were revealed for the relationship of
BMDDTX at the forearm with BMD at the hip (range from
r = 0.53, p-value < 0.01 to r = 0.61, p-value < 0.01) and
spine (r = 0.54, p-value < 0.01).

The National Osteoporosis Society (NOS) recommends
that peripheral densitometers use a 90% sensitivity
cut-off point. A second cut-off point was established
at 90% sensitivity. Using statistics from both methods
described above, an ideal threshold was established
for peripheral densitometer measurements.

Bland-Altman plots
Results from the Bland-Altman plots are presented
in Figure 1. The limits of agreement, determined by
mean difference ± 1.96 SD, for BMD data, were 0.04
and 0.31 g/cm2, and the mean difference ± SD was
0.177 ± 0.07.13,14 Approximately 97% (96.55%) of all the
differences lay between the limits of agreement.

Primary analyses were performed without covariate
adjustments to reflect the standard use of test results in
a research environment. All analyses were two-tailed,
and a significance level of p-value < 0.05 was used for
the analyses.

Receiver operating curves analysis
The utility of peripheral bone densitometry to discriminate between subjects with normal or osteoporotic
bone density, at the spine or hip site, was examined
using ROC analysis (Figure 2).

Results
Descriptive data
The demographic data and number of subjects for
each classified group are summarised in Table I.

The overall performance of the ROC analysis was
quantified by computing the AUC. An area of 1.0
represents a perfect test fit, while 0.5 indicates a

The mean age ± SD of the whole study group was 62.47

Table I: Demographic and bone mineral density characteristics of subjects with normal or osteoporotic bone status
Osteoporosis*
Variable

Whole group
(n = 184)

Normal (n = 108)
(58.7%)

Group 1 Spine
(n = 36)
(19.6%)

Group 2
Hip
(n = 15)
(8.2%)

Group 3
Hip and spine
(n = 25)
(13.6%)

n

Age (years)

62.47 ± 9.39

60.69 ± 7.90

62.81 ± 8.52

64.20 ± 12.04

68.68 ± 12.11†

184

Height (m)

1.54 ± 0.06

1.55 ± 0.06

1.55 ± 0.05

1.55 ± 0.05

1.50 ± 0.06

184

Weight (kg)

68.46 ± 17.70

73.85 ± 18.57

65.91 ± 11.36

60.31 ± 16.35

BMI (kg/m2)

28.73 ± 7.24

30.75 ± 7.74

27.50 ± 4.72

25.08 ± 6.50 †

24.08 ± 4.92 †

184

DXA total forearm BMD (g/cm )

0.505 ± 0.08

0.529 ± 0.06

0.480 ± 0.07

0.461 ± 0.09

0.391 ± 0.07

†

86

DXA distal forearm BMD (g/cm )

0.624 ± 0.09

0.649 ± 0.07

0.581 ± 0.08

†

0.595 ± 0.11

0.503 ± 0.11

†

86

DXA ultra distal forearm BMD (g/cm2)

0.367 ± 0.06

0.387 ± 0.05

0.354 ± 0.05

0.318 ± 0.07†

0.276 ± 0.05†

86

2

DXA lumbar spine BMD (g/cm )

0.845 ± 0.15

0.931 ± 0.11

0.703 ± 0.05

†

0.874 ± 0.10

0.664 ± 0.07

†

184

DXA total hip left BMD (g/cm2)

0.831 ± 0.14

0.900 ± 0.11

0.806 ± 0.10†

0.677 ± 0.14†

0.661 ± 0.07†

184

DXA total hip right BMD (g/cm )

0.831 ± 0.14

0.899 ± 0.11

0.803 ± 0.10

†

0.662 ± 0.14

†

0.670 ± 0.07

†

184

DXA femoral neck left BMD (g/cm )

0.724 ± 0.13

0.787 ± 0.10

0.707 ± 0.09

†

0.598 ± 0.18

†

0.554 ± 0.05

†

184

DXA femoral neck right BMD (g/cm2)

0.741 ± 0.14

0.804 ± 0.10

0.715 ± 0.10†

0.584 ± 0.15†

0.594 ± 0.12†

184

DTX-200 forearm BMD (g/cm )

0.423 ± 0.10

0.464 ± 0.100

0.391 ± 0.08

0.380 ± 0.08

0.319 ± 0.04

184

2

2

2

2

2

†

†

†

†

†

53.92 ± 10.36

†

†

*Osteoporosis diagnosed according to gold standard (dual-energy X-ray absorptiometry), †: Indicates significant difference from normal bone mineral density, p-value < 0.05,
BMI: body mass index, DXA: dual-energy X-ray absorptiometry, BMD: bone mineral density
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ROC analyses depicted the positive likelihood ratio
(LR) for the hip (3.986) and spine (4.139), while the
negative LR was 0.279 and 0.427, for the hip and spine,
respectively. The proportion of women with a positive
BMDDTX indication of hip osteoporosis that was correctly
diagnosed [i.e. positive predictive value (PPV)] was
0.525 (52.5%), while PPV for the spine was 0.672 (67.2%).
In contrast, the negative predictive value (NPV) (the
proportion of women with normal BMD who were
correctly diagnosed) for the hip and spine was 0.928
(92.8%) and 0.825 (82.5%) respectively. Approximately
35% of the women evaluated by peripheral
measurements were classified in different diagnostic
strata, when evaluated by central DXA using the
optimum hip cut-off value. The misclassification rate
for the spine was higher, with approximately 49% of the
women being misdiagnosed. The odds ratio for the hip
was 14.27, while that of the spine was 9.70.

Figure 1: Bland-Altman plots for the difference vs. the mean bone
mineral density data of 86 subjects

ROC analysis was repeated to establish an alternative
threshold: having 90% sensitivity. This value was identified
as 0.414 g/cm2 for the hip and 0.475 g/cm2 for the

performance that was no different from chance.
The AUC with regard to the hip (Figure 2a)
was 0.818 (0.747-0.888 95% CI), whereas the
Table II: Performance of BMDDTX as a diagnostic test for the presence of
overall performance fit for the spine (Figure
osteoporosis, at either the hip or lumbar spine, using optimum cut-off points
2b) was an AUC of 0.771 (0.697-0.845 95% CI).
Variable
Hip
Spine
Maximum efficiency was at 77.50% sensitivity
2
Absolute
value
(g/cm
)
0.370
0.371
and 81.25% specificity with regard to the hip,
and 65.57% sensitivity and 84.55% specificity for
Specificity (%)
81.25 (0.749-0.876) 84.55 (78.17-90.94)
the spine. Based on the guidelines detailed in
Sensitivity (%)
77.50 (64.56-90.44) 65.57 (53.65-77.50)
the methodology section, the value of the hip
Youden’s index
0.588
0.510
AUC suggests that using BMDDTX represents good
Positive predictive value
0.525
0.672
accuracy, while the AUC value for the spine
represents fair accuracy. The YI was 0.588 and
Negative predictive value
0.928
0.825
0.501 for the hip and spine respectively.
Prevalence (%)
21.74
33.15
Type I error rate or false positive rate (%)

19.44

15.45

Type II error rate or false negative rate (%)

22.50

36.07

Positive likelihood ratio

3.986

4.139

Negative likelihood ratio

0.279

0.427

34.78%

48.91%

Relative risk

7.298

3.851

Odds ratio

14.270

9.703

Misclassification (%)

95% confidence interval in parentheses

1.0

1.0

0.8

0.8

0.6

0.6

Sensitivity

Sensitivity

The ROC curve analyses returned a maximum
or optimum cut-off point at a distal forearm
BMD (BMDDTX) of 0.370 g/cm2 for possible hip
osteoporosis, and an optimum cut-off point
of 0.371 g/cm2 for the spine. Using these cutoff values, participants were then classified
as having normal central BMD, or having
central osteoporosis, at either the hip or spine.
Classification statistics are summarised in Table
II and III.

0.4
0.2

0.4
0.2

AUC = 0.818
0.0

0.0

Fig 2A

0.2

0.4

0.6

0.8

AUC = 0.771
0.0

1.0

1 - Specificity

0.0

Fig 2B

0.2

0.4

0.6

0.8

1.0

1 - Specificity

Figure 2: Receiver operating curve showing the diagnostic validity of the forearm bone density measurement in identifying osteoporosis at the hip
(2a), or spine (2b), in postmenopausal women.
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Table III: Performance of BMDDTX as a diagnostic test for the presence of
osteoporosis, at either the hip or lumbar spine, using 90% sensitivity cut-off points
Variable
Absolute value (g/cm )
2

Hip

Spine

0.414

0.475

Specificity (%)

59.00 (51.00-67.06) 38.20 (29.62-46.80)

Sensitivity (%)

90.00 (80.70-99.30) 90.00 (82.70-97.64)

Positive predictive value

0.375

0.389

Negative predictive value

0.955

0.811

Prevalence (%)

21.74

33.15

Type I error rate or false positive rate
(%)

41.67

65.04

Type II error rate or false negative rate
(%)

10.00

16.39

Positive likelihood ratio

2.16

1.285

Negative likelihood ratio

0.171

0.469

20.11%

54.35%

Relative risk

8.25

2.063

Odds ratio

12.6

2.741

Misclassification (%)

95% confidence interval in parentheses

spine. The hip threshold yielded higher NPV (95.5%), yet
it had a lower PPV (37.5%). NPV for the spine was 81.1%,
and PPV was 38.9%. The positive LR was 0.375 for the
hip, with a negative LR of 0.171. In contrast, both the
positive and negative LR for the spine yielded weaker
values (1.285 and 0.469 respectively). Women who had
BMD values below the thresholds were 12.6 times more
likely (odds ratio) to have osteoporosis in the hip, and
2.7 times more likely to have osteoporosis in the spine.

Despite DXA being considered the first choice in
assessing bone density, cost and effectiveness
do not allow for its generalised use in target
populations. The use of peripheral densitometers
has received much attention. However, it is
important to establish ethnic-specific, cut-off
values for bone density, due to the differences
in heritability and genetic contribution to BMD
in different ethnic groups.21 According to our
knowledge, this is the first South African study
that has attempted to address the lack of cutoff values for peripheral bone density that are
specific to sub-Saharan Africa.
According to Miller et al, bone mass at peripheral
sites correlates well with central sites such as
the hip and spine, with correlation coefficients
of between 0.6 and 0.7.22 Our study confirmed
this highly significant relationship between BMD
measurements of the distal forearm and hip and
spine, and was in line with reports from previous
studies.10,23

The overall accuracy of peripheral BMD in predicting
hip osteoporosis (as reflected in the AUC values)
seems to be superior to that of the spine. This was also
found in other studies.10,24 This discordance between
the hip and spine AUC might be explained by the
difference in the amount of cortical and trabecular or
cancellous bone found in each site. The lumbar spine
is estimated to contain approximately 66% cancellous
bone, whereas the femoral neck and distal radius
contain approximately 25% and 30%, of cancellous
bone, respectively. Cancellous bone is more sensitive
to changes in bone resorption due to its more porous
surface, therefore providing more surface area that is
exposed to metabolic activity (bone remodelling). This
results in the cancellous skeleton being affected first.25,26

Discussion
South Africa is undergoing a process of rapid
urbanisation. Because of this and the affiliated
lifestyle changes, the black South African population
might now, more than ever, be considered at high
risk of developing osteoporosis.11,17 In their study,
Pongchaiyakul et al found lower BMD levels in urban
men and women, compared to rural men and
women.18 Our data revealed a disconcertingly high
prevalence of osteoporosis (hip and/or spine) in
black, urban postmenopausal women (≈ 41.3%). The
prevalence of osteoporosis of the hip was 8.2%, which
is comparable to the prevalence reported by Clowes
et al in their study.10 Although the hip prevalence in
our group equalled that reported by Clowes et al, the
risk factor outcomes for hip fractures differ between
ethnic groups, i.e. hip geometry. Some studies have
found that a longer hip-axis length is associated with
a higher risk of hip fractures. Hip-axis lengths seem to
be shorter in African-Americans, compared to their
Caucasian peers.19 However, another study found that
hip-axis length does not explain ethnic differences in
hip fractures.20 Drawing any definite conclusions about
the prevalence of osteoporosis based on the hip BMD
alone might lead to inaccurate prevalence rates. On
the other hand, osteoporosis of the spine seems to be
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much more prevalent (≈ 20%), compared to
that at the hip.

In their article, Clowes et al reported that, in their
population-based cohort, the Osteometer DTX-200
identified 73% of the women, i.e. a 27% misclassification,
in whom a treatment decision could be made without
additional central DXA measurements, with 95%
certainty.10 Blake and Fogelman published similar
results, showing 38% misdiagnosis using peripheral
densitometry.27 However, using the optimum BMDDTX cutoff value (0.371 g/cm2) for the spine, we could place
≈ 51% of the women in the correct diagnostic strata.
This excludes at least half of the population from being
referred for additional DXA scans. On the contrary,
when we used the spine 90% sensitivity cut-off value,
our results indicated a much higher misclassification
rate (≈ 54%). Therefore, it is recommended that the
0.371 g/cm2 cut-point be used on the DXADTX as a
criterion for excluding black, urban postmenopausal
women as having possible spine osteoporosis.
The women in our study who exhibited low distal
forearm BMD (< 0.371 g/cm2) were ≈ 10 times more

82

2012 Volume 17 No 2

Original Research: Cut-off values of distal forearm bone density for the diagnosis of central osteoporosis

References

likely to have osteoporosis of the spine, compared to
those with BMD measurements above the threshold.

1.

Despite the novelty of this study, it had some shortcomings.
We assessed black South African postmenopausal
women, but refer throughout the paper to data on white
postmenopausal populations. We surmise, but have no
data to adequately support this, that the fracture risk in
our population is similar to that of the white reference
population at each BMD level.

2.
3.
4.

5.

The characteristics of bone loss differ between
menopause osteoporosis and senile osteoporosis.
One limitation of this study is that the study group was
not divided into age increments to determine the
accuracy of peripheral measurements for different age
groups. In their article, Jones and Davie recommended
that, should distal forearm BMD be used to assess large
numbers of potentially osteoporotic women, it is best
used in women between the ages of 60-79 years,
since the best detection rate was found in this group
of women.23 Future studies should investigate, and
elaborate upon, this important point.

6.

7.

8.

9.

10.

Measuring central BMD is the best method to identify
patients with osteoporosis. Nevertheless, measuring
BMD in all postmenopausal women is not costeffective, especially in developing countries such as
South Africa. To reach a maximum number of women
who are at risk, screening approaches that are easy
to use and cost-effective, should be employed. Using
peripheral BMD as a triage screening tool can help
to safely exclude women with normal BMD in order
to reduce unnecessary, expensive DXA densitometry
measurements. To conclude, our study revealed
that the incidence of low forearm BMD acts as a
possible marker of central osteoporosis in black, urban
postmenopausal women in South Africa. We suggest
that the proposed distal forearm cut-off value (> 0.371
g/cm2) be used to exclude women who do not have
osteoporosis of the spine.

11.

12.

13.

14.

15.
16.
17.

18.

“There is every reason, therefore, to apply bone mass
measurements as widely as possible to discover those
subjects at risk of osteoporosis in a manner that is
effective and affordable.” – Miller et al.22

19.

20.

Conflict of interest

21.

There was no conflict of interest.

22.

Declaration
23.

This work was supported by the South AfricaNetherlands Research Programme on Alternatives in
Development, grant number 08/15, and the Medical
Research Council.

24.

25.

Acknowledgements

26.

We are grateful to the participants of this study, and
the supporting staff and colleagues at the Africa Unit
for Transdisciplinary Health Research (AUTHeR) of NorthWest University.

JEMDSA

27.

83

Jordan KM, Cooper C. Epidemiology of osteoporosis. Best Pract Res Clin
Rheumatol. 2002;16(5):795-806.
Handa R, Kalla AA, Maalouf G. Osteoporosis in developing countries. Best Pract
Res Clin Rheumatol. 2008;22(4):693-708.
Cooper C. Epidemiology of osteoporosis. Osteoporos Int. 1999;9:S2-S8.
Ivorra Cortés J, Román-Ivorra Ja, Alegre Sancho JJ, et al. Screening points for a
peripheral densitometer of the calcaneum for the diagnosis of osteoporosis. Rev
Osteoporos Metab Miner. 2010;2(1):23-28.
Marshall D, Johnell O, Wedel H. Meta-analysis of how well measures of
bone mineral density predict occurrence of osteoporotic fractures. BMJ.
1996;312(7041):1254-1259.
WHO Scientific Group on the burden of musculoskeletal conditions at the start
of the new millennium. The burden of musculoskeletal conditions at the start
of the new millennium. World Health Organization Technical Report Series.
2003;919:i-x:1-218.
Miller PD, Siris ES, Barrett-Connor E, et al. Prediction of fracture risk in
postmenopausal white women with peripheral bone densitometry:
evidence from the National Osteoporosis Risk Assessment. J Bone Miner Res
2002;17(12):2222-2230.
Schott AM, Weill-Engerer S, Hans D, et al. Ultrasound discriminates patients with
hip fracture equally well as dual energy X-ray absorptiometry and independently
of bone mineral density. J Bone Miner Res.1995;10(2):243-249.
Hans D, Dargent-Molina P, Schott AM, et al. Ultrasonographic heel measurements
to predict hip fracture in elderly women: the EPIDOS prospective study. Lancet.
1996;348(9026):511-514.
Clowes JA, Peel NFA, Eastell R. Device-specific thresholds to diagnose
osteoporosis at the proximal femur: an approach to interpreting peripheral bone
measurements in clinical practice. Osteoporos Int. 2006;17(9):1293-1302.
El-Hajj Fuleihan G, Adib G, Nauroy L. The Middle East and Africa regional
audit. Epidemiology, cost and burden of osteoporosis in 2011. International
Osteoporosis Foundation. 2011;102011-105000.
Hatting Z, Walsh CM, Bester CJ, Oguntibeju OO. An analysis of dietary
micronutrient intakes in two age groups of black South African women. West
Indian Med J. 2008;57(5):431-437.
Teo K, Chow CK, Vaz M, et al. The Prospective Urban Rural Epidemiology (PURE)
study: examining the impact of societal influences on chronic noncommunicable
diseases in low-, middle-, and high-income countries. Am Heart J. 2009;158(1):17.e1.
Patel R, Blake GM, Jefferies A, et al. A comparison of a peripheral DXA system
with conventional densitometry of the spine and femur. J Clin Densitom.
1998;1(3):235-244.
Bland JM, Altman DG. Statistical methods for assessing agreement between two
methods of clinical measurement. Lancet. 1986;1(8476):307-310.
Bland JM, Altman DG. Statistical methods for assessing agreement between two
methods of clinical measurement. Lancet. 2010;47(8476):931-936.
Hough S. Osteoporosis in South Africa. In: Steyn K, Fourie B, Temple N, editors.
Chronic diseases of lifestyle in South Africa, 1995-2005: technical report. Cape
Town: South African Medical Research Council, 2006; p. 186-194.
Pongchaiyakul C, Nguyen TV, Kosulwat V, et al. Effect of urbanization on bone
mineral density: a Thai epidemiological study. BMC Musculoskelet Disord.
2005;6:5.
Cummings SR, Cauley JA, Palermo L, et al. Racial differences in hip axis lengths
might explain racial differences in rates of hip fractures: study of Osteoporotic
Fractures Research Group. Osteoporos Int. 1994;4(4):226-229.
Clark P, Tesoriero LJ, Morton DJ, et al. Hip axis length variation: its correlation to
anthropometric measurements in women from three ethnic groups. Osteoporos
Int. 2008;19(9):1301-1306.
Huang Q, Kung AWC. Genetics of osteoporosis. Mol Genet Metab. 2006
8;88(4):295-306.
Miller PD, Zapalowski C, Kulak AM, Bilezikian JP. Bone densitometry: the best
way to detect osteoporosis and to monitor therapy. J Clin Endocrinol Metab.
1999;84(6):1867-1871.
Jones T, Davie MWJ. Bone mineral density at distal forearm can identify patients
with osteoporosis at the spine or femoral neck. Br J Rheumatol. 1998;37(5):539-543.
Heidari B, Hoshmand S, Hajian K, Heidari P. Comparing bone mineral density in
postmenopausal women with and without vertebral fracture and its value in
recognizing high-risk individuals. East Mediterr Health J. 2010;16(8):868-873.
Lubarda VA, Novitskaya EE, McKittrick J, et al. Elastic properties of cancellous
bone in terms of elastic properties of its mineral and protein phases with
application to their osteoporotic degradation. Mech Mater. In press.
Ciarallo A, Barralet J, Tanzer M, Kremer R. An approach to compare the quality
of cancellous bone from the femoral necks of healthy and osteoporotic patients
through compression testing and microcomputed tomography imaging. Mcgill
J Med. 2006;9(2):102-107.
Blake GM, Fogelman I. Peripheral or central densitometry: does it matter which
technique we use? J Clin Densitom. 2001;4(2):83-96.

2012 Volume 17 No 2

