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ABSTRACT

Background: The aim of the study was to establish the
correlation  between  dual-energy X-ray absorptiometry
(DXA) and quantitative ultrasound (QUS) and to assess
the ability of QUS as a screening tool for osteoporosis.
Materials and Methods: The study was conducted on
101 healthy women, aged 20-65 years. All the women
underwent QUS of radius and tibia using Omnisense
bone densitometer and DXA screening for measurement
of bone mineral density (BMD) at lumbar spine, total
hip, and femoral neck. Results: Significant correlations
were observed between speed of sound (SOS) and BMD
measurement in all age groups, with the closest association.
In the age group of 20-40 years, BMD of femoral neck
showed the closed association with SOS radius (0.858,
P < 0.01) and SOS tibia (0.860, P < 0.01). Similar trend was
observed in the other two age groups as well. All subjects in
the premenopausal (41-50 years) and postmenopausal (51—
65 years) age group were correctly detected for osteopenia/
bone density below the expected range for age and
osteoporosis by QUS, as against the diagnosis made by DXA.
Post hoc test revealed a significant difference in the BMD
of femoral neck, lumbar spine, and SOS radius and tibia in
young and postmenopausal females. Conclusion: QUS is a
sensitive screening tool to detect changes in the bone mass
and risk of ostcoporosis.
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Introduction

Osteoporosis 1s a systemic skeletal disease, characterized by low
bone mass and microarchitectural deterioration of bone tissue,
predisposing to an increased risk of fracture, is a major health
problem worldwide."*) Worldwide, approximately 200 million
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women have osteoporosis.’! In India, for women aged 30-60 years
from low-income groups, BMD at all the skeletal sites were much
lower than values reported from the developed countries, with a high
prevalence of osteopenia (52%) and osteoporosis (29%), thought to
be due to inadequate nutrition.™ Due to rise in rate of osteoporosis,
non-invasive methods for skeletal evaluation have been developed,
and at present, dual-energy X-ray absorptiometry (DXA) is the most
widely used and preferred quantitative technique in the assessment
of skeletal status.!"”) Bone mineral density (BMD) measured by
DXA is the best predictor of fracture risk and is currently considered
the “gold standard” for diagnosis of osteoporosis,™® but it has
certain limitations in its clinical or widespread use in comparison
with ultrasound.”’ Quantitative ultrasound (QUS) measurement
of bone is now increasingly becoming a recognized method of
determining bone quality, with review papers written discussing the

10-4 Quantitative ultrasound

technique’s abilities and usefulness.!
scanners, in particular, have advantages in that they are portable,
less expensive than X-ray-based technologies, do not use ionizing
radiation, and do not require a skilled radiographer to perform the
measurements.””) The Sunlight Omnisence™ (Sunlight Medical,
Rehovot, Israel) is one such portable QUS machine. It has the
capability to scan the distal radius, the proximal phalanx, and the
midshaft tibia and supplies results as speed of sound (SOS) (m/s)
transmitted through the cortical bone at the measurement site.!
Both DXA scanners and QUS scanners show results in T-score and
Z-score values.
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The World Health Organization (WHO) criterion for diagnosis
of osteoporosis by BMD measurement is a T-score of <—2.5 or
less at the spine, hip, or forearm."™ A T-score is the number of
standard deviations (SDs) by which a patient’s BMD deviates
from peak bone mass of a young normal population (aged 25-35)
of the same race and gender. However, the WHO diagnostic
criteria for osteoporosis and osteopenia were derived from studies

5101 and should not be

of postmenopausal Caucasian women
used to categorize BMD measurements in young women because
they are at much lower risk of fracture. Instead, the International
Society for Clinical Densitometry (ISCD) recommends using
the 7 score, or the number of SDs by which a patient’s BMD
deviates from a population of the same age, race, and gender
to characterize bone mass measurements in premenopausal
women.® In addition, the ISCD recommends avoiding such
terms as osteoporosis and ostcopenia when reporting BMD
measurements in young women and suggests that young women
with BMD Z scores <—2.0 should be categorized as having low
BMD or BMD that is below expected range for age, and those
with Z scores >—2.0 should be categorized as having BMD that
is within the expected range for age.!"! These methods allow
for direct comparison of bone status at different measurement
sites by using the same analytical approach.””’ Although work has
been performed comparing Omnisense for its abilities,*'®19] its
accuracy in diagnosing osteoporosis still unclear.?"!

Therefore, the aim of this study was to assess the ability of
Omnisense device as a screening tool for osteoporosis, and to
compare the QUS measurements in radius and tibia with BMD
in femoral neck, total hip, and lumbar spine in Asian Indian
females.

Materials and Methods

The study sample comprised 101 healthy women. We included
a convenience sample of women aged between 20 and 65 years.
The protocol was approved by Institutional Ethical Committee of
Faculty of Sports Medicine and Physiotherapy, Guru Nanak Dev
University, Amritsar. All subjects signed the informed consent
form. The exclusion criteria for healthy pre- and postmenopausal
women included a menopause before the age of 45; amenorrhea
for 6 or more months, a history of drugs or diseases known to
affect bone metabolism; or a history of low trauma fracture.”?!!
The subjects were recruited from Guru Nanak Dev University
campus. The study was conducted in Faculty of Sports Medicine
and Physiotherapy, Guru Nanak Dev University, Amritsar. The
study population was divided into three groups: (1) Young
normals (2040 yrs), (2) healthy premenopausal (41-50 yrs),
(3) and healthy postmenopausal (51-65 yrs).'81%) All subjects
underwent DXA screening followed by SOS measurement with
Ommnisense using standard protocol as follows.

Subject measurement

The Omnisense uses a hand-held probe to make SOS
measurements at the phalanx, radius, tibia, or metatarsal.
The probe contains a number of transducers, some acting as
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transmitters and the others as receivers. The device uses Fermat’s
principle” to identify the path of the sound wave taking the
shortest time to pass between the transmitting and receiving
transducers. The exact path of the signal is determined by Snell’s
law:? As it enters the bone from the soft tissue the signal is
refracted through a critical angle that is a function of the ratio
of the SOS in soft tissue and bone. After it propagates along the
bone, the sound wave emerges at the same critical angle. The
time taken for the signal to travel between the transmitting and
receiving transducers is used to infer the SOS in bone.””! Speed
of sound measurements were performed at the non-dominant
medial aspect of the one-third radius, anteromedial aspect of
the midshaft tibia using the Omnisense."” One probe was used
to measure both radius and tibia.” DXA Hologic Discovery
Wi was used for bone density at femoral neck and lumbar
spine. The scans were analyzed with the most recent software
APEX version 4.0. The scan measurements and analyses were
conducted following standard analysis protocol as described in
the Hologic User Manual. All scans were subsequently analyzed
by a single trained investigator.”! The Sunlight Omnisense™
and the Hologic Discovery Wi adhere to the levels set out by the
WHO.!

Statistical analysis

Pearson’s correlation coefficient was used to evaluate the
association between SOS and BMD measurement using SPSS
version 17.0.

Using the selected variables including the values of BMD neck
of femur, SOS radius, and SOS tibia from our study, the average
effect size (f) computed was 0.72, and with o error of probability
to be 0.05, the power of the current study was found to be above
90%, using G software version 3.1.2.

Healthy postmenopausal women were classified into three groups
according to their T-scores, based on the WHO criteria: Normal,
T=-1.0; osteopenic-1.0 >T>=2.5; osteoporotic T <—2.5.11%]
For young normal and premenopausal women, Z-score for neck
of femur (N.O.F), radius, and tibia was considered for bone
health assessment based on ISCD guidelines for identification
women with bone density below the expected range for age
(Z-score<—2.0).1'7

Results

The subject characteristics according to age groups are shown in
Table 1. Correlation between DXA and QUS sites is shown in
Table 2.

Significant correlations were observed between SOS and BMD
measurements. Speed of sound of radius and tibia was correlated
with BMD measurement of three sites [N.O.F, total hip (TOT.
HIP), and L1-L#4 spine; Table 2]. In young females (20-40 years),
SOS of radius and tibia were significantly correlated with all the
three sites. In the young normal age group (20-40 years), among
the three sites, BMD N.OF showed the closest association
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with SOS radius (r = 0.858) and SOS tibia (r = 0.860)
measurements [Table 2]. Similar trend of association was
observed in the other age groups i.e. (41-50 and 51-65 years)
as well. Significant correlations were also noted in between
SOS sites measurement in all the age groups [Table 2]. In
screening for osteoporotic females in the postmenopausal group
(T=score < —2.5), T-scores obtained by SOS values from both
the sites (radius and tibia) were able to identify all the patients
correctly (100%) as against the diagnosis made by gold standard
DXA [Table 3]. In the same group, for the identification of
osteopenicfemales (T-score < —land >—2.5), OQUS measurement
of radius correctly identified 71.9% of the total subjects, whereas

Table 1: Subject characteristics according to age

groups

Variables MeantSD

(N=101) Young normal Premenopausal Postmenopausal
(20-40) (41-50) (51-65)

Age (years) 30.46+6.21 45.53+2.741 56.73£3.90

Ht (cms) 158.20+4.58  156.47+5.125 156.31+5.796

Wt (kg) 58.71+12.25 63.65+8.154 65.84+10.24

BMI (kg/m?) 23.47+4.85 26.02+3.369 26.99+4.382

BMD-N.O.F 0.783+0.105 0.744+0.093 0.706+0.104

(g/cm?)

BMD-Tot. hip 0.885+0.107 0.872+0.102 0.841+0.119

(g/cm?)

BMD-L. Spine 0.96+0.09 0.936+0.946 0.881+0.183

(8/cm?)

SOS radius (m/s) 4055.43+£92.24 4029.35+121.511 3996.61+109.117
SOS tibia (m/s)  3883.8+106.108 3896.41+133.94 3825.02+103.55

SD = Standard deviation, BMI = Body mass index, BMD = Bone mineral
density, SOS = Speed of sound, N.O.F = Neck of femur

Table 2: Correlation coefficients between DXA
BMD and QUS sites

QUS site SOS (m/s) BMD (g/cm? Total L.Spine
Tibia Femoral neck NiP

Age group (20-40 years)

SOS radius (m/s) 0.912** 0.858~ 0.812** 0.792**

SOS tibia (m/s) - 0.860" 0.828** 0.793**
Age group (41-50 years)

SOS radius (m/s) 0.716* 0.856" 0.802** 0.780**

SOS tibia (m/s) - 0.645* 0.503*  0.588*

Age group (51-65 years)
SOS radius (m/s) 0.895** 0.863" 0.736**  0.692**
SOS tibia (m/s) - 0.862" 0.763** 0.735**

‘Significance level P<0.01 (two-tailed), “significance level P<0.05 (two-tailed),
QUS =Quantitative ultrasound, BMD = Bone mineral density, SOS = Speed
of sound

Table 3: Comparison of QUS and DXA
T-scores for identification of fracture risk in the
postmenopausal (51-65 years) group

N.O.F SOS SOS
radius tibia

Same subject category

Postmenopausal women (51-65) years, N=52

Normal (T-score>—1) 16 10 14
Osteopenia (T-score<-1 and 2-2.5) 32 23 19
Osteoporosis (T-score<-2.5) 4 4 4

measurements at tibia identified 59.38% of population as against
the T-scores of N.O.F obtained by DXA [Table 3]. Further, in the
premenopausal group, OUS measurements done at the radius
and tibia correctly identified all the subjects (100%) with bone
density below the expected range for age when compared with
DXA [Table 4]. Similarly, comparison of Z-scores of radius and
tibia was done with Z-scores of N.O.F to evaluate the capability
of QUS in identification of bone density below the expected
range for age (Z-score <—2) in healthy young normal and
premenopausal women. It was found that QUS measurement
of radius identified all the subjects (100%) correctly, whereas
measurements done at the tibia identified 81.8% of the
population as against the diagnosis made by DXA [Table 5]. Also,
post hoc Scheffe’s test was done to observe multiple comparisons
between groups. Significant differences were noted in the BMD
N.O.F, BMD lumbar spine, and in both the SOS sites radius
and tibia between young and postmenopausal groups [Table 6].
However, non-significant differences were observed between
premenopausal and postmenopausal groups and premenopausal
and young normal groups.

Table 4: Comparison of QUS and DXA Z-scores
for identification of subjects with bone density
below the expected range for age in the
premenopausal (41-50) group

Same subjects category N.O.F SOS SOSs
radius tibia

Pre-menopause women (41-50 years) n=17
Normal (Z-scores>-2) 14 9 13
Bone density below the expected range for 3 3 3
age (Z-score<-2)

QUS = Quantitative ultrasound, DXA = Dual-energy X-ray absorptiometry,
SOS = Speed of sound, N.O.F = Neck of femur

Table 5: Comparison of QUS and DXA Z-scores
for identification of subjects with bone density
below the expected range for age in the young
normal (20-40) group

Same subjects category N.O.F SOS SOS
Young normal (20-40 years) n=17 radius tibia
Normal subjects (Z-score>-2) 21 21 21
Bone density below the expected 11 11 9

range for age (Z-scores<-2)

QUS = Quantitative ultrasound, DXA = Dual-energy X-ray absorptiometry,
SOS = Speed of sound, N.O.F = Neck of femur

Table 6: Significance level of post hoc Scheffe’s
test for comparison between BMD and SOS
values in the three groups

Dependent Young normal- Young normal- Premenopausal-
variable premenopausal postmenopausal postmenopausal
BMD N.O.F 0.438 0.004~ 0.426
BMD Total hip 0.889 0.177 0.628
BMD L. Spine 0.848 0.05* 0.411
SOS radius 0.707 0.04 0.548
SOS tibia 0.928 0.05" 0.07

QUS = Quantitative ultrasound, DXA = Dual-energy X-ray absorptiometry,
SOS = Speed of sound, N.O.F = Neck of femur

“Significant at P<0.01 level 2-tailed, “significant at P<0.05 level 2-tailed,
SOS = Speed of sound, N.O.F = Neck of femur, BMD = Bone mineral density
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Discussion

The primary objective of the study was to evaluate the
ability of QUS (Omnisense) in the screening of osteopenia,
osteoporosis, and bone density below the expected range for age
in postmenopausal, premenopausal, and young normal females,
respectively, in comparison to DXA in Asian Indian population.

The QUS and DXA devices are based on two distinctly different
technologies and measure two different parameters; SOS and
BMD. QUS performs measurements of predominantly cortical
bone. However, because the diagnosis of osteoporosis concerns
assessment of fracture risk and not assessment of bone mass,
there is, indeed, a basis for comparison.’!

Results from this study demonstrate significant correlation
between SOS and BMD sites. The strongest correlation was
found between SOS radius and BMD N.OF in all the three
age groups [Table 2]. Literature suggests that traditional DXA
is limited to measuring one property only, i.c. BMD. It
measures the areal BMD of the cortical bone and the medullary
cavity conversely, whereas the QUS using SOS measurements
gives a much broader perspective reflecting several varied bone
properties, such as density, clasticity, cortical thickness, and
micro-architecture, thus providing a more complete picture

of the bone’s fragility. 5

I Apart from detecting bone changes
and determining fracture discrimination, QUS advantage also
includes its applicability of WHO criteria for postmenopausal

women.P

The mean difference in the values of SOS (m/s) and BMD
(gm/cm?) at all measured sites [Table 1] was significantly
different between postmenopausal and pre menopausal women
indicating that the loss of the bone in these detected women is
indeed significant. The fact that QUS detected these differences
as statistically significant, indicating that it is sensitive to detect
these changes [Table 6]. Our results are supported by the
findings of Knapp et al. (2001), who also observed a similar trend
in his study. Considering the diagnosis of osteoporosis in the
postmenopausal group, we also observed the ability to identify
osteoporosis with use of WHO criteria in comparison to DXA. It
was found that QUS SOS measurements were sensitive enough
to correctly identify all four cases of osteoporosis diagnosed
using N.O.F BMD values on DXA. These patients were correctly
identified by using T-scores, obtained by SOS measurements
at radius as well as at tibia [Table 3]. Further, 32 subjects were
diagnosed as osteopenic of N.O.F by DXA, though T-scores of
SOS tibia correctly identifies 19 of these subjects and T-scores
of SOS radius identified 23 subjects correctly [Table 3]. Thus,
as a screening tool for osteoporosis, it is accurate. However,
T-score of SOS radius can identify majority of women (71.8%)
of women with osteopenia but not all cases of osteopenia. The
greater number of subjects identified by SOS radius indicates a
clear demarcation between the bone loss at the weight-bearing
and non-weight-bearing ultrasound sites may be due to the
positive effects of weight-bearing activity on reducing bone
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loss.l® A previous research by Knapp et al. (2001) suggested
that the QUS SOS measurements of the radius are equal to or
superior than DXA in predicting wrist fracture patients from
controls (odds ratio of 2.4; 95% C.I. 1.2-5.0, compared to odds
ratio <2.0 of DXA of L1-4, N.O.F, and total hip.

This picture is made clear from Tables 4 and 5 where Z-scores
obtained from SOS radius identified all the subjects with bone
density below the expected range for age in the young normal
and premenopausal women as against the gold standard DXA.

Clearly Z-scores and T-scores obtained from SOS radius are
sensitive to changes in the bone mass and should be used as
an early screening tool for detecting changes in bone mass. But
these scores cannot be extrapolated to other sites like phalanges
and calcaneum.

Therefore, the results of our study confirm QUS to be an accurate
screening tool in identifying patients at risk of osteoporosis.
It has the capability to differentiate between young, pre- and
postmenopausal females and can serve as an alternative to the
traditional radiation-based technologies.
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