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Abstract The aim of the study is to assess the sensitivity
and specificity of different techniques and their ability to
act as screening tools in relation to dual energy X-ray
absorptiometry (DXA) in a group of 208 postmeno-
pausal women. In this study we examined eight screen-
ing systems for the diagnosis of osteoporosis, the
osteoporosis self-assessment tool (OST), the osteoporo-
sis risk assessment instrument (ORAI), the osteoporosis
index of risk (OSIRIS), a risk index derived using data
from the study of osteoporotic fractures (SOFSURF),
the simple calculated osteoporosis risk estimation
(SCORE), patient body weight (pBW), along with two
ultrasound based systems, the Sunlight Omnisense
(Sunlight Medical, Rehovot, Israel) and the CUBA
Clinical (McCue plc, Winchester, UK). The sensitivity
and specificity of the different techniques in relation to
DXA were plotted as receiver-operating characteristic
(ROC) curves at three different levels (DXA T-score
)2.5 osteoporosis, )2 and )1 osteopenia). The areas
under the curves (AUC) were calculated and showed
broadband ultrasound attenuation (BUA) at the calca-
neus to provide consistently the highest AUC (0.77–
0.81). The velocity of sound (VOS) of the calcaneus
(AUC=0.72–0.76) was equally good, but was out-per-
formed by some of the questionnaire systems
(AUC=0.66–0.79). Both the questionnaire systems and
the CUBA Clinical out-perform the Sunlight Omnisense
(AUC=0.58–0.7), which showed comparable perfor-

mance with body weight (AUC=0.66–0.69). The results
show that QUS is capable of selecting patients with low
bone density as measured by DXA. A patient displaying
a low QUS value should be followed up with a DXA
scan to confirm the diagnosis.

Keywords DXA Æ Osteoporosis Æ Screening Æ
Sensitivity Æ Specificity Æ Ultrasound scanners

Introduction

With 1 in 3 women and 1 in 12 men over the age of 50
suffering from osteoporosis, and the resultant estimated
cost to the NHS and the government being £1.7 billion/
annum (UK figures), the diagnosis and management of
osteoporosis is a very important issue. The ‘gold-stan-
dard’ method for osteoporosis diagnosis is by dual-en-
ergy X-ray absorptiometry (DXA), which relies on the
measurement of bone mineral density (BMD) at various
sites, notably the lumbar spine, hip or distal radius.
DXA, however, is expensive, it uses ionizing radiation
(albeit at safe levels), requires the supervision of a
qualified radiographer and is, therefore, best suited for
the precise/accurate diagnosis of osteoporosis, rather
than for the screening of large populations. Large
numbers of potential patients can be reached by ques-
tionnaire-based methods or the use of portable quanti-
tative ultrasound (QUS) scanners.

A number of questionnaire-based systems have been
devised in an attempt to produce a cost-effective method
of screening for osteoporosis. Questionnaires focus on
clinical risk factors for osteoporosis and use a varying
number of them to produce quantitative scores. The
scores are designed to give information on those patients
at risk of having low bone mineral density, who need to
undergo a full assessment of their bone status. Examples
of previously examined questionnaires are the Osteo-
porosis Self-assessment Tool (OST, OSTA) [1, 2, 3, 4, 5,
6, 7], Osteoporosis Risk Assessment Instrument (ORAI)
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[3, 8], Simple Calculated Osteoporosis Risk Estimation
(SCORE) [3, 9, 10, 11, 12, 13], Osteoporosis Index of
Risk (OSIRIS) [14, 15], the risk index derived using data
from the study of osteoporotic fractures (SOFSURF) [3,
16], the Osteoporosis Assessment Questionnaire
(OPAQ) [17] and three further systems, one based
around nutritional assessment [18], another based on
life-style factors [19] and the third based purely on the
patient’s body weight (pBW) [20].

Alternative approaches for mass screening advocate
the use of quantitative ultrasound (QUS) systems. QUS
has been utilized for the measurement of bone and
provides information that is not only comparable to, but
also independent of DXA. QUS has the benefits of re-
duced costs in comparison to DXA, is a portable and
radiation-free system with shorter investigation times
than DXA and is, therefore, a better proposition for
performing screening of large populations.

In this study we intend to examine comparatively and
assess six questionnaire-based screening systems (OST,
ORAI, OSIRIS, SOFSURF, SCORE and pBW) and
two ultrasound-based systems, the Sunlight Omnisense
(Sunlight Medical, Rehovot, Israel) and the CUBA
Clinical (McCue plc, Winchester, UK). The aim of the
study is to assess the abilities of these alternative meth-
ods/systems as screening tools for DXA and to investi-
gate the cut-off levels for the various techniques.

Materials and methods

The study group consisted of 208 women, considered to
be postmenopausal through natural or unnatural causes,
recruited with consent from the DXA scanning clinics at
the Great Western Hospital, Swindon, UK. All subjects
attended the clinic because of referral from GPs or
hospital-based clinics as a consequence of the presence
of one or more clinical risk factors for osteoporosis.
There were no general exclusion criteria for the study.
Table 1 shows the anthropometrical data for the study
group.

Each patient received a DXA scan of their lumbar
spine L1–L4, and four sites around the proximal femur
using a Hologic QDR-4500C (Hologic Inc., Bedford,
Mass.), answered a questionnaire designed to give
information on the patient’s nutritional, life-style and
historical risk factors for osteoporosis, received paired
scans on their distal radius, the proximal phalanx of the

middle finger, and mid-shaft tibia using the Sunlight
Omnisense and paired measurements of the calcaneus
using the CUBA Clinical. The QUS machines under-
went system quality verification tests each day prior to
any measurements being performed using the phantoms
supplied by the manufacturers. All ultrasound scans
were performed on the patient’s non-dominant side,
using Parker ultrasound gel (Parker Laboratories Inc.,
Fairfield, N.J.) to provide the coupling between the
ultrasound probes and skin surface.

The precision of the QUS machines was previously
examined in a group of 16 normals (aged 25–58). Four
repeated measurements were performed on each indi-
vidual, with repositioning between scans, and gave a
RMSCV of 0.29% for the distal radius, 0.55% for the
proximal phalanx, 2.88% for BUA of the calcaneus and
0.31% for VOS of the calcaneus.

Calculation of risk indices

The questionnaire systems were calculated as follows:
OST [1, 2, 3, 4, 5, 6, 7] is based on only two variables,
body weight and age. Two very similar methods have
been suggested for its calculation, both giving virtually
identical results. The first method is calculated as: 0.2
[weight (kg)]–0.2 [age (years)]; the last digit is dropped
from each to give an integer, and the resulting values
added together. The second method is calculated as
(weight in kilograms – age in years) ·0.2 and truncated
to give an integer. The risk index for OST varies between
populations and the site being assessed. For a Caucasian
population [1], values >+2 signify low risk, <+2 to
>–3 indicate moderate risk and <–3 denote high risk of
low BMD.

ORAI [3, 8] is based on three variables, age, weight
and estrogen usage. The ORAI index is calculated using
the following scoring system: +2 points for non-current
usage of estrogen; +9 points for a body weight of less
than 60 kg or +3 points for a body weight between 60
and 70 kg and 0 points for weight above 70 kg; +15
points for ages 75 years or more; +9 points for ages
between 65 and 74 years; +5 points for ages between 55
and 64; 0 points for 45 and 54. The risk index for ORAI
stipulates that results <9 are low risk of low BMD,
between >9 and <17 is moderate risk and >17 denotes
high risk of low BMD.

OSIRIS [14, 15] is based on four variables, age,
weight, HRT usage and history of low trauma fracture.
The index is calculated as current age times –2 and
truncated to an integer, weight in kg times 2 and trun-
cated to an integer, +2 points if a current HRT user and
–2 points for a history of prior low impact fracture. The
risk index for OSIRIS shows that values >+1 indicate
low risk of low BMD, <+1 and >–3 are the inter-
mediate risk category, and values <–3 indicate a high
risk of low BMD.

SOFSURF [3, 16] is also based on four variables, age,
weight, smoking and history of postmenopausal

Table 1 Anthropometric data for the subjects (n=208) of the
present study

Range Average

Age 29–87 years 59.7 years
Height 137–182 cm 161.1 cm
Weight 41.3–104.8 kg 65.6 kg
BMI 15.7–43 25.4
Years since menopause 0–54 years 15.4 years
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fracture. The index is calculated as +0.2 points for every
year over 65 years of age and –0.2 points for every year
under 65 years of age; +3 points for weight below
130 lb (59 kg) and +1 point for weight between 130 lb
(59 kg) and 150 lb (68 kg); +1 point for a current
smoker and +1 point for a history of post-menopausal
fracture. The risk index for SOFSURF shows that val-
ues <0 indicate a low risk of low BMD; >0 and <+4
indicate an intermediate risk of low BMD, with values
>+4 denoting those at high risk of low BMD.

SCORE [3, 9, 10, 11, 12, 13] uses six variables, race,
rheumatoid arthritis, history of non-traumatic fracture,
HRT usage, age and weight. The index is calculated as
+5 points for a race other than Black, +4 points for
rheumatoid arthritis sufferers, +4 points for non-trau-
matic fractures (wrist, hip and rib) over the age of 45, up
to a total of 12 points; +1 if never used HRT, 3 times
the first digit of the patients age, and –1 times the pa-
tients weight in pounds divided by ten and truncated to
an integer. The risk index for SCORE based on a Cau-
casian population uses values <+7 to indicate low risk,
>+7 and <+15 to show moderate risk and >+15 to
denote high risk of low BMD.

pBW [20] relies on one variable, weight (kg). The
recommended cut-off value is 70 kg, with women below
70 kg in weight being considered to be at risk of osteo-
porosis. The risk index states that pBW >70 kg indi-
cates a low risk, between 57 kg and 70 kg a moderate
risk and below 57 kg a high risk of the patient having
low BMD.

Correlations

The correlations between the measurement sites were
calculated using Minitab Statistical Software Release
v.13.31.

Sensitivity and specificity calculation

Previous papers [21, 22, 23, 24] have reported the correct
method for calculation of factors that allow for the
comparison of the diagnostic ability of different tech-
niques, in particular the sensitivity and specificity of a
technique. The calculations are based around a 2·2 table
as shown in Table 2. The sensitivity is a measure of how
good a test is at picking up people who have the

condition. The specificity is a measure of how well a test
correctly excludes people without the condition. The
positive and negative predictive values are measures of
probability, with the positive referring to the probability
of the individual having the condition if they test posi-
tive, and the negative to the probability of an individual
not having a condition, should they test negative.

Three levels were assessed using the DXA T-scores: a
T-score of )2.5, which denotes confirmed osteoporosis,
a T-score of )2 and a T-score of )1, below which pa-
tients are considered to be osteopenic, but including the
osteoporotic patients. The DXA results for the lumbar
spine and the total hip were combined, so that a patient
showing a T-score of –2.5 or below at only one of the
two sites was classified osteoporotic, even if the other
site was diagnosed as normal. A population-specific
database was not used for calculation of the T-scores; all
T-scores were computed using the databases supplied
with the systems.

Different levels were then assessed using the diag-
nostic tools (questionnaires and QUS) to gain a range of
sensitivity values with a corresponding specificity value.
Using SigmaPlot version 8.0, the results were plotted as
sensitivity vs. 1-specificity. This supplied a range of re-
ceiver operator characteristic curves (ROC), from which
the area under the curve (AUC) could then be calcu-
lated.

Cut-off points

The purpose of a screening tool is to select correctly
those patients that have, or are at risk of having, low
BMD and to exclude those patients who are subse-
quently found to have normal BMD levels. The opti-
mum screening tool would provide a cut-off point that
could be used to provide the correct diagnosis of every
individual’s bone status and provide no false positives or
false negatives. It is therefore important that a point be
selected above which patients are considered to be nor-
mal, and below which they are deemed to need a further
investigation. Previous studies performing validation [2,
8] of screening tools have used cut-offs, which supply a
sensitivity of 90%, regardless of the specificity, to ensure
that the percentage of patients with low BMD correctly
selected is high. In addition to this method of cut-off
selection, the best balance between the sensitivity and
specificity was investigated. By combining the sensitivity

Table 2 Combination table of outcomes of alternative diagnostic test results with respect to the DXA outcome

Diagnostic tool test result DXA test result

Positive Negative

Positive True positive (TP) False positive (FP) TP + FP
Negative False negative (FN) True negative (TN) FN + TN

TP + FN FP + TN TP + FN + FP + TN

Sensitivity: TP/(TP + FN). Specificity: TN/(FP + TN); +ve predictive value: TP/(TP + FP); –ve predictive value: TN/(FN + TN)
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and specificity scores, a value was supplied that varied
between cut-off levels, and the highest combined value
was used as the cut-off level.

Results

Of the 208 women included in this study, the T-scores
from DXA scans classified 21.6% (45) of the patients as
being osteoporotic at the lumbar spine or hip, 47.6%
(99) as being osteopenic and 30.8% (64) of the patients
as being of normal bone density.

Table 3 shows the correlations between the different
questionnaires, QUS techniques and DXA. The CUBA
Clinical displayed the best correlation, in relation to
DXA at the lumbar spine (r=0.568), with OSIRIS
correlating best with the total hip (r=0.658). The Sun-
light Omnisense correlated poorly with the DXA results
(r=0.127–0.340), having correlations below those for
the two questionnaire systems (r=–0.417–0.658), also
below the two CUBA Clinical measures: BUA and VOS
(r=0.473–0.650) and only comparable to pBW
(r=0.33–0.492). The mid-shaft tibia result was non-sig-
nificant in five out of nine cases and marginal in one of
the rest. This is neither surprising nor disappointing as
this index/measurement method has not yet obtained
FDA approval and is not recommended for clinical use.
In all but a few cases the correlations showed a high level
of statistical significance, with P-values generally
£ 0.001.

Analysis of the AUC for the ROC curves as shown in
Fig. 1 allows for comparisons between techniques, with
the larger AUC value indicating a greater clinical utility.
The results in Table 4 show BUA at the calcaneus to
provide consistently the highest AUC (0.77–0.81), al-
though the VOS of the calcaneus (AUC=0.72–0.76) is
outperformed by some of the questionnaire systems
(AUC=0.66–0.79). Both questionnaire systems and the
CUBA Clinical outperform the Sunlight Omnisense
(AUC=0.58–0.7), which only showed comparable
performance with pBW (AUC=0.65–0.69).

Tables 5 and 6 show the potential cut-off values for
the different techniques and their associated sensitivity,
specificity, positive and negative predictive values, and
percentage of incorrectly diagnosed patients. The sensi-
tivity and specificity method incorrectly diagnoses a
smaller percentage of the overall group in comparison to
the 90% sensitivity method. The positive and negative
predictive values provide important information on the
techniques’ abilities, with techniques providing proba-
bilities of over 0.9 for both exclusion of patients because
of negative test results and correct diagnosis of sufferers
because of positive test results, depending on the DXA
cut-off level assessed.

An effort was also made to explore the potential of
using these QUS systems and questionnaires in combi-
nation. We performed stepwise regression analysis to
predict the minimum of the two T-scores for hip and
spine (worst case scenario) by using the raw data output T
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of the QUS systems and questionnaires. We considered
three likely situations: (1) clinicians who possess no
instruments and would be able to only apply question-
naires (with knowledge of weight and age of course), (2)

a case where one possesses the instruments, but chooses
not to use the questionnaires and (3) the case where both
QUS scanners and questionnaires are available for full
use by the clinician. The results of the best stepwise
regression are shown in Table 7. In this analysis, the use
of scanners was shown to be more effective than the use
of questionnaires. Taking account of questionnaire val-
ues in addition to QUS scanner values only improved
the R2 of the relationship marginally from R2=44.6 to
46.8. Fig. 2 depicts graphically the result for the cases of
predictive equations 1 and 10 (Table 7).

Discussion

This study comparatively examined and assessed six
questionnaire-based screening systems (OST, ORAI,
OSIRIS, SOFSURF, SCORE and pBW) and two
ultrasound based systems (Sunlight Omnisense, CUBA
Clinical) as potential screening tools for DXA. The
study assessed the abilities of these alternative methods/
systems and investigated the cut-off levels for the various
techniques. The aim was not necessarily to replace
DXA, but to explore various strategies and approaches
by which the demand on DXA services could be reduced
by, for instance, screening large sections of the popula-
tion for the exclusion of individuals who upon DXA
examination would have shown themselves as normal.

The decision to investigate the systems in comparison
to low DXA, rather than fracture risk, was due to the
nature of the DXA clinics from which the subjects were
recruited. The DXA clinic aimed to supply a T-score
value that would enable a clinician to assess potential
courses of medical treatment or the cessation of cur-
rently undertaken treatments. Our approach reflected
current recommendation standards for clinical practice
as outlined in the official positions of the International
Society of Clinical Densitometry [25]. The alternative
method would be to supply a parameter related to risk
of fracture or the probability of fracture. The outputs
are essentially only numerically different, the basic es-
sence of the course of action or the implications for
having, or being likely to have, a future fracture are
basically very similar.

One factor that may influence the robustness of the
conclusions and results is the make up of the cohort of
subjects that participates in a study. Our volunteers
showed that they were either osteoporotic or osteopenic
(judged by DXA) at 69% of the total. This percentage
was higher than would be found if a database like cross
section of the population had been recruited. Our
intention, however, was not to seek specifically normals,
but to apply our methodology and approach to the most
relevant cross section of subjects. Hence, volunteers were
recruited from a DXA scanning clinic, where all patients
were referred because of the presence of at least one risk
factor.

Only one previous study [5] has provided any corre-
lation between a questionnaire system and DXA, and
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this showed moderate correlation coefficients between
OST and BMD of the femoral neck and lumbar spine of
0.62 and 0.49, respectively (P<0.0001). In the present
study the correlation between OST and BMD was clo-
sely comparable to this with 0.633 and 0.451 for total hip
and lumbar spine, respectively.

Overall, there were excellent (r=0.95) to moderate
(r=0.46) correlations seen between the various ques-
tionnaires. The variability may, to a certain degree, have
been due to the method of questionnaire data collection
whereby questionnaires relied on patient’s self-reported
data. Bearing in mind that the various questionnaire
systems follow different designs and philosophies of
approach (focusing on different risk factors) and that
their implementation also differs considerably may ex-
plain the variability of performance between them. In
correlation to DXA, questionnaires performed less
effectively (r=0.417–0.658), but this is to no extent dis-
appointing, and if anything considering that the popu-
lation had a bias to the lower BMD end of the
population and that the questionnaires were not de-
signed to be replacement measurements for BMD but an
indicator of a patient’s bone status, it is very encour-
aging.

The results for the CUBA Clinical and Sunlight
Omnisense within this study showed close comparison
with those of the previous studies. Correlations between
measurement sites using the ultrasound are affected by
the physical principle of the ultrasound application and
the kind of bone matrix that is scanned (cortical or
cancellous). Hence the CUBA Clinical, which assesses a
load-bearing cancellous bone site that matches the make
up and loading of the hip and spine, correlates better
with the axial skeleton. The correlations from this study
of (r=0.473–0.650) for BUA and VOS were in close
agreement with previous studies (r=0.20–0.64) [26, 27,
28, 29, 30, 31], being higher than the correlations for the
Sunlight Omnisense in both this study (r=0.127–0.340)
and previous studies [32, 33] (r=0.21–0.48). The
moderate correlations for the CUBA Clinical can be
further explained; the attenuation and velocity of an

ultrasound pulse will be affected by the structure of the
material it is passing through [34], with strong and
complex trabecular structure affecting the ultrasound in
different ways in fragile and broken trabeculae, a factor
not taken into consideration by the measurement of
density alone.

Calculation of the AUC showed BUA of the calca-
neus to have the highest value for each DXA cut-off
level. The questionnaire systems and VOS of the calca-
neus obtained the next highest values with the Sunlight
Omnisense, and pBW had the lowest values. The AUC
values for the questionnaire systems ranged from 0.66–
0.75 for osteoporosis (T-score –2.5), within the range
(0.594–0.87) of previous studies [4, 5, 6, 7, 8, 9, 10, 11,
12, 13, 14]. At a DXA T-score of –2, the results from this
study were lower than previous studies.

The AUC results showed that the CUBA Clinical,
measuring both BUA and VOS, demonstrated a better
diagnostic ability in comparison to the Sunlight Omni-
sense. Previous studies [30, 35] looking at the AUC for
the CUBA Clinical prediction of osteoporosis at the hip
and spine achieved AUC of 0.72–0.856 and 0.75–0.816
for BUA, and 0.68–0.871 and 0.72–0.820 for VOS,
respectively. The results from the present study are in
agreement with these previous results for the CUBA
Clinical, and also with other calcaneal devices, which
ranged from 0.64–0.888 for BUA and 0.68–0.871 for
VOS [35, 36, 37, 38, 39], depending on the measurement
site and device.

J. Damilakis et al. [40] reported AUC for the phalanx
of 0.709, which was slightly higher than achieved here,
and for the radius 0.659, which was slightly lower than
in the present study. However, both results were within
the same range.

The AUC for the different techniques also supplied
information on the diagnostic accuracy of the different
technique. J. Swets [24] supplied different areas in terms
of their diagnostic accuracy with AUC between 0.50–
0.70 representing low accuracy, between 0.70–0.90
showing moderate diagnostic accuracy and any tech-
nique showing an AUC of greater the 0.90 considered to

Table 4 Area under the curve values ( AUC) of the various diag-

nostic methods in order to predict the DXA outcome at t -score
levels between )2.5 to )1. The AUC allows for a direct single value

comparison of the different techniques’ clinical accuracy for the
prediction of DXA. The provided 95% CI also allow for a fast
visual inspection for statistical differences

Investigation AUC 95% CI AUC 95% CI AUC 95% CI
DXA T-score –2.5 DXA T-score )2 DXA T-score )1

OSIRIS 0.747 0.805–0.702 0.788 0.813)0.788 0.773 0.758–0.800
SOFSURF 0.717 0.777–0.670 0.754 0.773)0.746 0.756 0.739–0.785
ORAI 0.664 0.739)0.595 0.703 0.733–0.679 0.718 0.704–0.742
OST 0.716 0.775–0.669 0.746 0.767–0.737 0.740 0.717–0.775
SCORE 0.720 0.779–0.674 0.751 0.772–0.743 0.764 0.741–0.796
Distal radius 0.676 0.731–0.628 0.651 0.670–0.640 0.624 0.593–0.659
Proximal phalanx 0.678 0.737–0.629 0.657 0.685–0.639 0.652 0.630–0.685
Mid-shaft tibia 0.582 0.645–0.521 0.578 0.606–0.553 0.600 0.580–0.622
Sunlight combined 0.698 0.751–0.654 0.661 0.679–0.650 0.643 0.614–0.678
BUA calcaneus 0.766 0.805–0.743 0.794 0.825–0.776 0.808 0.814–0.817
VOS calcaneus 0.723 0.781–0.676 0.760 0.793–0.739 0.717 0.720–0.724
pBW 0.655 0.708–0.607 0.684 0.707–0.667 0.687 0.660–0.717

1570



T
a
b
le

5
T
h
e
su
g
g
es
te
d
cu
t-
o
ff
p
o
in
ts

th
a
t
a
ll
o
w

fo
r
th
e
b
es
t
se
n
si
ti
v
it
y
a
n
d
sp
ec
ifi
ci
ty

b
a
la
n
ce

S
it
e

C
o
m
b
in
ed

D
X
A

cu
t-
o
ff
le
v
el

S
en
si
ti
v
it
y
+

sp
ec
ifi
ci
ty

cu
t-
o
ff
v
a
lu
e

S
en
si
ti
v
it
y

S
p
ec
ifi
ci
ty

+
v
e
p
re
d
ic
ti
v
e

v
a
lu
e

–
v
e
p
re
d
ic
ti
v
e

v
a
lu
e

%
o
f
g
ro
u
p

(t
o
ta
l
F
N

+
F
P
)

O
S
IR

IS
–
2
.5

0
0
.7

0
.7
3

0
.4
2

0
.8
9

2
7
.9
%

(5
8
)

S
O
F
S
U
R
F

–
2
.5

1
0
.7
2

0
.6
7

0
.3
8

0
.8
9

3
2
.2
%

(6
7
)

O
R
A
I

–
2
.5

1
4

0
.4
3

0
.8
6

0
.4
8

0
.8
4

2
3
.1
%

(4
8
)

O
S
T

–
2
.5

–
1

0
.5
2

0
.8
2

0
.4
4

0
.5
6

2
5
%

(5
2
)

S
C
O
R
E

–
2
.5

1
2

0
.5

0
.8
3

0
.4
6

0
.8
5

2
4
%

(5
0
)

D
is
ta
l
ra
d
iu
s

–
2
.5

–
0
.5

0
.8
4

0
.4
7

0
.3
0

0
.9
1

4
3
.3
%

(9
0
)

P
ro
x
im

a
l
p
h
a
la
n
x

–
2
.5

–
0
.5

0
.5
6

0
.7
5

0
.3
8

0
.8
6

2
9
.3
%

(6
1
)

M
id
-s
h
a
ft
ti
b
ia

–
2
.5

–
0
.5

0
.6
4

0
.5
1

0
.2
6

0
.8
4

4
5
.2
%

(9
4
)

S
u
n
co
m
b
in
ed

–
2
.5

–
1
.5

0
.6
9

0
.6
6

0
.3
5

0
.8
9

3
2
.2
%

(6
7
)

B
U
A

ca
lc
a
n
eu
s

–
2
.5

–
1
.5

0
.9
1

0
.5
1

0
.3
4

0
.9
5

4
0
.4
%

(8
4
)

V
O
S
ca
lc
a
n
eu
s

–
2
.5

–
3
.5

0
.5
3

0
.8

0
.4
2

0
.8
6

2
6
%

(5
4
)

W
ei
g
h
t

–
2
.5

6
0
k
g

0
.5
6

0
.7

0
.3
4

0
.8
5

3
3
.2
%

(6
9
)

O
S
IR

IS
–
2

1
0
.7

0
.7
4

0
.6
3

0
.8
0

2
7
.4
%

(5
7
)

S
O
F
S
U
R
F

–
2

1
0
.6
8

0
.7
4

0
.6
2

0
.7
9

2
8
.4
%

(5
9
)

O
R
A
I

–
2

1
0

0
.6
8

0
.6
8

0
.5
7

0
.7
7

3
2
.2
%

(6
7
)

O
S
T

–
2

1
0
.7
1

0
.6
5

0
.5
6

0
.7
9

3
2
.7
%

(6
8
)

S
C
O
R
E

–
2

8
0
.6
8

0
.7
1

0
.5
9

0
.7
8

3
0
.3
%

(6
3
)

D
is
ta
l
ra
d
iu
s

–
2

–
0
.5

0
.7
3

0
.5

0
.4
8

0
.7
4

3
9
.9
%

(8
3
)

P
ro
x
im

a
l
p
h
a
la
n
x

–
2

–
1

0
.3
7

0
.8
8

0
.6
4

0
.7
0

3
1
.3
%

(6
5
)

M
id
-s
h
a
ft
ti
b
ia

–
2

–
1
.5

0
.2
7

0
.8
5

0
.5
3

0
.6
5

3
6
.5
%

(7
6
)

S
u
n
co
m
b
in
ed

–
2

–
1
.5

0
.5
9

0
.6
8

0
.5
3

0
.7
3

3
3
.2
%

(6
9
)

B
U
A

ca
lc
a
n
eu
s

–
2

–
2

0
.7
1

0
.7
6

0
.6
1

0
.8
3

2
6
%

(5
4
)

V
O
S
ca
lc
a
n
eu
s

–
2

–
3
.5

0
.5
1

0
.8
8

0
.7
2

0
.7
4

2
6
.4
%

(5
5
)

W
ei
g
h
t

–
2

5
5
k
g

0
.3
6

0
.9

0
.6
9

0
.6
9

3
0
.8
%

(6
4
)

O
S
IR

IS
–
1

2
0
.7

0
.7
3

0
.8
6

0
.5
2

2
8
.8
%

(6
0
)

S
O
F
S
U
R
F

–
1

0
0
.6
3

0
.8

0
.8
7

0
.4
9

3
2
.2
%

(6
7
)

O
R
A
I

–
1

8
0
.7
1

0
.6
7

0
.8
3

0
.5
1

3
0
.3
%

(6
3
)

O
S
T

–
1

2
0
.7
2

0
.6
7

0
.8
3

0
.5
1

2
9
.8
%

(6
2
)

S
C
O
R
E

–
1

8
0
.5
6

0
.8
4

0
.9
8

0
.4
6

3
5
.1
%

(7
3
)

D
is
ta
l
ra
d
iu
s

–
1

–
0
.5

0
.6
5

0
.5
4

0
.7
7

0
.3
9

3
7
%

(7
7
)

P
ro
x
im

a
l
p
h
a
la
n
x

–
1

0
0
.5
1

0
.7

0
.7
9

0
.3
9

4
2
.3
%

(8
8
)

M
id
-s
h
a
ft
ti
b
ia

–
1

–
1
.5

0
.2
5

0
.9
3

0
.9
0

0
.3
5

5
2
.9
%

(1
1
0
)

S
u
n
co
m
b
in
ed

–
1

–
1
.5

0
.5
1

0
.7
7

0
.8
4

0
.3
9

3
8
.9
%

(8
1
)

B
U
A

ca
lc
a
n
eu
s

–
1

–
2

0
.5
6

0
.9
2

0
.9
4

0
.4
8

3
3
.2
%

(6
9
)

V
O
S
ca
lc
a
n
eu
s

–
1

–
3

0
.6
1

0
.7
2

0
.8
5

0
.4
5

3
5
.6
%

(7
4
)

W
ei
g
h
t

–
1

6
5
k
g

0
.7
1

0
.5
5

0
.8
2

0
.4
6

3
4
.1
%

(7
1
)

1571



T
a
b
le

6
T
h
e
su
g
g
es
te
d
cu
t-
o
ff
p
o
in
ts

th
a
t
a
ll
o
w

fo
r
a
g
u
a
ra
n
te
ed

9
0
%

se
n
si
ti
v
it
y
le
v
el

S
it
e

C
o
m
b
in
ed

D
X
A

cu
t-
o
ff
le
v
el

9
0
%

se
n
si
ti
v
it
y

cu
t-
o
ff

S
en
si
ti
v
it
y

S
p
ec
ifi
ci
ty

+
v
e
p
re
d
ic
ti
v
e

v
a
lu
e

–
v
e
p
re
d
ic
ti
v
e

v
a
lu
e

%
o
f
g
ro
u
p

(t
o
ta
l
F
N

+
F
P
)

O
S
IR

IS
–
2
.5

5
0
.9
6

0
.2
2

0
.2
6

0
.9
5

6
1
.5
%

(1
2
8
)

S
O
F
S
U
R
F

–
2
.5

–
2

0
.9
1

0
.2
2

0
.2
5

0
.9

6
3
%

(1
3
1
)

O
R
A
I

–
2
.5

0
0
.9
6

0
.0
5
6

0
.2
2

0
.8
2

7
4
.5
%

(1
5
5
)

O
S
T

–
2
.5

3
0
.9
1

0
.3
3

0
.2
8

0
.9
3

5
3
.8
%

(1
1
2
)

S
C
O
R
E

–
2
.5

4
0
.9
3

0
.2
6

0
.2
6

0
.9
3

5
9
.1
%

(1
2
3
)

D
is
ta
l
ra
d
iu
s

–
2
.5

1
0
.9
3

0
.1
2

0
.2
2

0
.8
6

6
8
.3
%

(1
4
2
)

P
ro
x
im

a
l
p
h
a
la
n
x

–
2
.5

2
0
.9
1

0
.1
5

0
.2
3

0
.8
6

6
7
.8
%

(1
4
1
)

M
id
-s
h
a
ft
ti
b
ia

–
2
.5

1
.2
5

0
.9
3

0
.1

0
.2
2

0
.8
4

7
0
.2
%

(1
4
6
)

S
u
n
co
m
b
in
ed

–
2
.5

–
0
.5

0
.9
3

0
.2
4

0
.2
5

0
.9
2

5
7
.7
%

(1
2
0
)

B
U
A

ca
lc
a
n
eu
s

–
2
.5

–
1
.5

0
.9
1

0
.5
1

0
.3
4

0
.9
5

4
0
.4
%

(8
4
)

V
O
S
ca
lc
a
n
eu
s

–
2
.5

–
2
.5

0
.9
1

0
.3
5

0
.2
8

0
.9
3

5
2
.9
%

(1
1
0
)

W
ei
g
h
t

–
2
.5

8
0
k
g

0
.9
6

0
.1
5

0
.2
4

0
.9
2

6
7
.8
%

(1
4
1
)

O
S
IR

IS
–
2

4
0
.9
1

0
.4
1

0
.4
9

0
.8
8

3
9
.9
%

(8
3
)

S
O
F
S
U
R
F

–
2

–
2

0
.9
5

0
.2
7

0
.4
6

0
.9

4
6
.6
%

(9
7
)

O
R
A
I

–
2

2
0
.9
2
5

0
.1

0
.3
9

0
.6
8

5
8
.2
%

(1
2
1
)

O
S
T

–
2

3
0
.9

0
.3
9

0
.4
8

0
.8
6

4
1
.3
%

(8
6
)

S
C
O
R
E

–
2

4
0
.9
6

0
.3
3

0
.4
7

0
.9
3

4
2
.8
%

(8
9
)

D
is
ta
l
ra
d
iu
s

–
2

0
.5

0
.9

0
.1
9

0
.4
1

0
.7
4

5
1
.9
%

(1
0
8
)

P
ro
x
im

a
l
p
h
a
la
n
x

–
2

2
0
.9
4

0
.1
8

0
.4
1

0
.8
2

5
2
.9
%

(1
1
0
)

M
id
-s
h
a
ft
ti
b
ia

–
2

1
.2
5

0
.9
2

0
.1

0
.3
9

0
.6
8

5
6
.7
%

(1
1
8
)

S
u
n
co
m
b
in
ed

–
2

0
0
.9
7

0
.0
9
1

0
.4

0
.8
5

5
3
.8
%

(1
1
2
)

B
U
A

ca
lc
a
n
eu
s

–
2

–
1

0
.9
3

0
.3
3

0
.4
3

0
.9
0

3
3
.2
%

(9
6
)

V
O
S
ca
lc
a
n
eu
s

–
2

–
2

0
.9
4

0
.2
6

0
.4
4

0
.8
7

4
8
.1
%

(1
0
0
)

W
ei
g
h
t

–
2

8
0
k
g

0
.9
4

0
.1
6

0
.4
1

0
.8
1

5
3
.8
%

(1
1
2
)

O
S
IR

IS
–
1

5
0
.9

0
.3
6

0
.7
6

0
.6
1

2
6
.9
%

(5
6
)

S
O
F
S
U
R
F

–
1

–
2

0
.9

0
.3
8

0
.7
6

0
.6
2

2
6
.4
%

(5
5
)

O
R
A
I

–
1

2
0
.9
3

0
.1
4

0
.7
1

0
.4
7

3
1
.3
%

(6
5
)

O
S
T

–
1

5
0
.9
4

0
.2
5

0
.7
4

0
.6
4

2
7
.4
%

(5
7
)

S
C
O
R
E

–
1

3
0
.9
1

0
.3
6

0
.7
6

0
.6
4

2
6
%

(5
4
)

D
is
ta
l
ra
d
iu
s

–
1

1
0
.9
2

0
.1
9

0
.7
3

0
.5

2
8
.4
%

(5
9
)

P
ro
x
im

a
l
p
h
a
la
n
x

–
1

2
0
.9

0
.2
2

0
.7
2

0
.5

3
0
.8
%

(6
4
)

M
id
-s
h
a
ft
ti
b
ia

–
1

1
.5

0
.9
4

0
.0
3
3

0
.6
9

0
.2

3
1
.7
%

(6
6
)

S
u
n
co
m
b
in
ed

–
1

0
0
.9
5

0
.1
1

0
.7
2

0
.4
6

2
7
.9
%

(5
8
)

B
U
A

ca
lc
a
n
eu
s

–
1

–
0
.5

0
.9
6

0
.2
7

0
.7
5

0
.7
4

2
5
.5
%

(5
3
)

V
O
S
ca
lc
a
n
eu
s

–
1

–
1
.5

0
.9
5

0
.0
6
3

0
.6
9
5

0
.3
6

3
2
.2
%

(6
7
)

W
ei
g
h
t

–
1

8
0
k
g

0
.9
2

0
.2
3

0
.7
3

0
.5
8

2
8
.8
%

(6
0
)

1572



be of high accuracy. The AUC results for the different
techniques in this study showed the majority of the
methods being considered to have moderate diagnostic
accuracy, with the measurements from the Sunlight
Omnisense, ORAI and pBW showing low diagnostic
accuracy.

The two different methods for the selection of cut-off
values both have utility within the clinical environment,
but depend on the chosen DXA cut-off level that is
deemed to be desirable for predictions. For the predic-
tion of osteoporosis, neither the 90% sensitivity, nor the
sensitivity and specificity cut-off levels, will provide a
high probability of a positive test result, meaning the
individual has the condition. However, by using the
suggested cut-offs, a clinician could confidently exclude
an individual with a negative test result from any further
diagnosis. Should the clinician wish to ensure the correct
inclusion of individuals with osteoporosis or osteopenia
(DXA–The cut off values for the different questionnaire
systems vary from those previously published for the
techniques [1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15,
16, 20]; the variation in the cut-off values can be ex-
plained by the different demographics of the study
populations and the methods of selection for the cut-off
values.To the best of our knowledge only one previous
paper has offered potential cut-off values for the Sun-
light Omnisense [41] for the prediction of both osteo-
porosis and osteopenia. The cut-off values were much
lower than those used within this study and not suitable
for use as screening cut-offs, as only 10 patients out of 45
would be correctly diagnosed as osteoporotic using the
distal radius with only 3 out of 45 correctly diagnosed at
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the proximal phalanx and the mid-shaft tibia. The same
problem was demonstrated using the cut-off levels for
osteopenia with only 57, 21 and 14 out of 144 patients
being correctly diagnosed at the distal radius, proximal
phalanx and mid-shaft tibia, respectively.There are five
previous studies [42] using QUS of the calcaneus as an
investigation. Two studies recommend a T-score cut-off
of –2, lower than found in the present study. The third
recommends –1.3 for BUA and –1.5 for VOS, while the
fourth using the CUBA Clinical recommends a cut-off of
63 dB MHz-1, which equates to a T-score of between –
1.58 and –1.64; these values show a close agreement with
the cut-off of –1.5 recommended in this study. The final
study by D. Hans et al. [43] sets out a full screening
strategy based on the use of clinical risk factors and
QUS of the calcaneus. There were discernable differ-
ences between the studies in terms of study population,
QUS systems, the prediction of BMD of the femoral
neck and not a combination of total hip and spine, and
additional risk factors not considered within the previ-
ously devised questionnaire systems. Despite this, the
resultant cut-off values supplied by the study for the
QUS were similar to those within this study.There are
limitations to the present study that one may wish to
consider before using the cut-off values suggested. The
population was relatively small in numbers in compari-
son to the validation cohorts used for the development
of these systems. The population was also somewhat
biased to the lower bone density due to the collection of
data from a DXA scanning clinic, where clinical referral
criteria have already been applied to the participants to
ensure they all display at least one risk factor for oste-
oporosis. For the purposes of this study, this was
intentional and constitutes a strong positive factor, but
in a more general situation researchers are reminded of
these simple facts of our study.With these considerations
in mind, we believe that the analysis of the present study,
especially based on ROC curves, allowed for a robust
comparison of the different scanning techniques and an
assessment of their clinical utility. The CUBA Clinical
through the measurement of BUA appears to provide a
useful tool in the screening of this population, with the
various questionnaire systems proving that they have
good diagnostic accuracy. The Sunlight Omnisense on
the other hand showed overall less promise as a
screening tool for DXA.
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