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Utilization of Quantitative Ultrasound Methods for Bone Mass Density
Measurement in General Population — An Observational Study

Rajnand Kumar', Nitish Kumar', Vivek Kumar', Rishabh Mawa', Sudhir Shyam Kushwaha', Ajay Bharti

Learning Point of the Article:
Quantitative Ultrasound of Calcaneum may be utilized in symptomatic patients as alternative to DEXA for BMD assessment.

Introduction: Although osteoporosis can be diagnosed by many methods like quantitative ultrasound (QUS), peripheral dual-energy X-ray
absorptiometry (DEXA), hand X-rays, or clinical examinations but the diseases remain undertreated mainly due to a lack of mechanism to
identify individuals who may be at high risk of fracture and might get benefit from the timey interventions. The availability of central DEXA is
not uniform in many countries; hence, a reliable, cheap, portable handy equipment is needed. Role of QUS as an alternative to DEXA has been
studied for selective population but a very few studies have attempted its utility in the general population for routine use.

Materials and Methods: The cross-sectional observational study was done with 283 patients with age more than 40 years with both sexes. Any
patient with a history of trauma, infection, surgical infection or immobilization of the lower limb for more than 6 weeks in the preceding 1 year.
The left calcaneum was used for calculating T-score by QUS by utilizing S00 kHz ultrasonic frequency for the ultrasound pulse penetration
method.

Results: The mean age of the study population was 51.4 + 10.54 years with 188 female and 95 males. The prevalence of osteopenia was slightly
higher among the female population (68.6%) in the current study group in comparison to males (54.7%). The age and symptoms of osteopenia
were the two variables which significantly determined the predictive power of QUS in diagnosing osteopenia.

Conclusion: The use of calcaneum QUS proved to be a rapid and efficient method for assessing bone mass density, demonstrating its ability to
detect osteopenia, especiallyin older and symptomatic patients. Givenits cost-effectiveness, portability, and safety due to the absence of ionizing
radiation, QUS serves as a valuable and attractive alternative for initial bone health assessment, particularly in settings with limited access to
central DEXA.
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Introduction

Osteoporosis is caused by disorientation of bone tissue micro-
architecture, causing decrease in bone strength, resulting in
increased risk of fracture. These fractures increase morbidity and
mortality of the elderly population and are commonly due to hip

and spine fractures. The early diagnosis and use of Food and
Drug Administration-approved drugs can increase the bone
mass density and hence can reduce the risk of fracture [1]. The
current diagnostic protocol employs either clinical diagnosis by
documenting fracture of spine/hip following trivial trauma or

Access this article online

a

Website: Dr. Nitish Kumar

WWW.jocr.co.in

Dr. Rajnand Kumar

Author’s Photo Gallery

Dr. Vivek Kumar

| //:{\ ]
Dr. Sudhir Shyam
Kushwaha

Dr. Ajay Bharti

Dr. Rishabh Mawa

DOI:
https://doi.org/10.13107 /jocr.2025.v15.i12.6568 Address of Correspondence:

Dr. Nitish Kumar,

E-mail: nitishaiims@gmail.com

‘Department of Orthopedics, All India Institute of Medical Sciences, Gorakhpur, Uttar Pradesh, India.

Department of Orthopedics, All India Institute of Medical Sciences, Gorakhpur, Uttar Pradesh, India.

Submitted: 23/09/2025; Review: 07/10/2025; Accepted: November 2025; Published: December 2025

DOT: https://doi.org/10.13107/jocr.2025.v15.i12.6568
© The Author(s). 2025 Open Access. This article is distributed under the terms of the Creative Commons Attribution 4.0 International License (https://creativecommons.org/licenses/by-nc/4.0/),
which permits unrestricted use, distribution, and non-commercial reproduction in any medium, provided you give appropriate credit to the original author(s) and the source, provide a link to the

Creative Commons license, and indicate if changes were made. The Creative Commons Public Domain Dedication waiver (http: //creativecommons.org/publicdomain/zero/1.0/ ) applies to the data

made available in this article, unless otherwise stated.

2025 Journal of Orthopaedic Case Reports| Published by Indian Orthopaedic Research Group




KumarR,etal

www.jocr.co.in

University of Sheffield, UK) to

1 IDEXA|[7].
Table 1: P-value of study parameters replace centra [7]

The QUS can be employed to
Variables Parameters T-score P-value various bones; however, due to a
40-50 years ~1.45+0.69 lack of technical guidelines and its
interpretation for clinical use for
Age 51-60 years -1.76+0.62 |  0.0029 (Kruskal-Wallis test) individual use makes it less popular
>61 years _1.82+0.82 despite having many advantages
over DEXA [8]. The QUS has a
Males -1.560.80 ) low-cost per test, equipment is

Sex 0.18 (Mann-Whitney U test) I h 1 h
Females —1.65+0.68 small, handy, portable and cheap
[9]. Thereis no need fora dedicated
o Mixed diet -1.590.75 026 technician to run the test, and

iet . s

ViR el -1.69+0 66 complete lack of radiation hazards

givesitan extraedge over DEXA.
Normal weight -1.5840.77 Heel QUS has shown promising
Over Weight ~1.64+0.71 feature in the diagnosis of
BMI 0.02 Correlation Coefficient (r) osteoporosis, hence fragility
Obese -1.61:0.69 fractures [10]. The predictive
Under weight (one patient) 281 power of this test is greater at lower

valuesfor osteoporoticfractures.
Symptoms Symptomatic ~1.83 There are studies to assess the role
Asymptomatic -1.41 of QUS in selective populations,
like suffering from particular

BMI: Body mass index . .

diseases or in female, but a very few

the use of dual-energy X-ray absorptiometry (DEXA) to detect
lowbone mass density [2].

Although there are many standard methods for diagnosing
osteoporosis but the disease remains undertreated [3]. The
International Osteoporosis Foundation in its report in 2008
have found that more than 2/3rd people at risk for osteoporosis
were never diagnosed or screened for it, hence never got
treatment [4]. One of the important causes for under treatment
is a lack of mechanism to identify individuals who may be at
high risk of facture and might get benefit from the timely
interventions. Value of bone mineral density (BMD) indicates
bone strength and fracture but the risk for fracture is
confounded by advanced age and history of previous fractures
[s].

The availability of central DEXA is not uniformly available in
many countries, and further high cost associated with it makes
its routine use difficult [6]. Due to these problems, many
researchers are adoptinglow-cost and easily available diagnostic
modalities such as quantitative ultrasound (QUS), peripheral
DEXA, hand X-rays, or clinical examinations, like use of FRAX
fracture prediction tool (Centre for Metabolic Bone Diseases,

studies have aimed toward its utility

in the general population [11,12].
Hence, this study was design to find utility of QUS for BMD
assessment in general population.

Table 2: The multivariate regression analysis
Age 0.001
Symptoms 0.001
Sex 0.4
Height 0.63
weight 0.87
BMI 0.854
Diet 0.656
BMI: Body mass index
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0.0

-0.5F

—1.0f

T-Score

-3.0} i - ®

d. History of plaster application or
immobilization of limb for more than 6 weeks in preceding
1lyear.

Once patients were recruited for this study, their height,
weight, dietary habit and symptoms of osteopenia were
recorded. Any patient with a history of non-specific back
pain, back pain worsening on walking, a change of back
posture or a history of fracture following low-velocity
trauma was considered symptomatic patients.

The left calcaneum was used for calculating T-score by

20 30 20 50 60 70
Age

Figure 1: Relationship of age and T-score.

Materials and Methods

This cross-sectional observational study was done at a
university level teaching hospital. A total of 283 patients who
had visited the out-patient department of orthopedics
department with various complaints were included for this
study.

The criteria forincluding patients in this study were -
a. Age-40yearsorabove

b. Sex-DPatientsfrombothsexes

c.  Consentingto participate.

The patients with following parameters were excluded from this
study

a. Anyhistoryoffootinjury,
b. Footinfection

c. Anysurgicalintervention done atfoot

8  QUS. For this left heel was used to perform the QUS

assessment by ultrasound bone densitometer which is

compact, portable, all-in-one system with an inbuilt thermal

printer. The machine uses calcaneum by the ultrasound

pulse penetration method by utilizing speed of sound for
determining bone mass density. The machine employs
radiation-free ultrasound technology at a center frequency of
500 kHz, which is found to be safe for pregnant women and
children. Total procedure took <30s.

The P-value and multivariate regression analysis were done to
assess factors having statistical significance in influencing T-
scorein the study population.

Results

The mean age of the study population was 51.4 £ 10.54 years.
The no. of participants in different age groups was 40-50 years
(138 participants), S1-60 years (78 participants) more than 60
years (67 participants). The study population had 188 females
and 95 males. The mean height for the participants was 157.05 =
10.11 cm, weight 67.70 £ 10.8 kg, body mass index (BMI) 27.29
* 4.38 kg/m2. Out of the total, 196 had mixed diet pattern and

87 had vegetarian diet. Based on the history of

A =7 osteopenia, 145 were symptomatic and 138 patients
gl were asymptomatic.
0.8 — s /,/’ The P-value using Kruskal-Wallis test for different age
g | rd groups was 0.00029, which suggested that significant
—_— | -7
206 — L statistical difference in T-score. The older persons had
E . ) /,/” more osteopenia as compare to the younger
g e population. The prevalence of osteopenia was slightly
Z;, o4 o higher among the female population (68.6%) in the
2 | P
= ] e current study group in comparison to males (54.7%).
0.2 } — However, this difference was statistically not significant
(P=0.18) (Table1).
- ROC (AUC = 0.73) . . .
0.0 -° === The dietary habit was not found to be an independent
0.0 0.2 0.4 0.6 0.8 1.0

False Positive Rate (FPR)

Figure 2: Receiver operating characteristic curve.

factor to influence bone mass. The P-value for both
groups was 0.26. The patients with normal BMI had
almost normal T-score, whereas the overweight
population had slight osteopenia. The only
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underweight in this study population was significantly
osteoporotic. The QUS was able to pick up osteopenia in
symptomatic populations.

The multivariate regression analysis was done to find which all
the factors were significantly influencing the T-score. Their P-
valueis tabulated here under (Table 2).

The age and symptoms of osteopenia were the two variables
which significantly determined the predictive power of QUS in
diagnosing osteopenia. The T-score was found to be less in
older population. The relationship of age and T-score is
depicted asunder (Fig. 1). Similarly, the QUS study had showed
that symptomatic patients had less T-score and it was
statistically significant. All other variables did not influence the
predictive power of this tool.

Receiver operating characteristic (ROC) curve suggests 73%
sensitivity of the QUS in for BMD measurement (Fig. 2).

Discussion

The health challenge posed by osteoporosis is due to a decrease
in bone strength and an increased risk of fracture, causing
morbidity and mortality among the elderly populations. QUS
stands out as a promising technology over DEXA due to its
wider and easy availability, which requires little inventory [9].
Further, it has demonstrated significant predictive value for
fragility fractures secondary to osteoporosis, as well as hip
fractures, comparable to other axial or peripheral bone strength
measures [10].

The present study was aimed to understand the utility of QUS
in a clinical setting by enrolling 283 patients aged 40 years or
above from an orthopedic outpatient department. The
methodology involved measuring T-scores using ultrasound
pulse penetration on the left calcaneum [13]. The test was
completed within <30s.

The study population had a mean age of 51.4 + 10.54 years,
comprising 188 females and 95 males, which was comparable to
the study by Kaushal etal. (50.0 £ 12.4 years) [ 14]. The findings
of this study provide important insights into factors influencing
bone mass density as assessed by QUS. A statistically significant
difference in T-scores was observed across different age groups
(P = 0.00029), with older individuals exhibiting more
osteopenia compared to younger populations. This age-related
decline in T-score was confirmed by multivariate regression
analysis, which identified age as a significant determinant of the
T-score (P = 0.001). While osteopenia was slightly more
prevalent among females (68.6%) than males (54.7%) in the
study group, this difference was not statistically significant (P =
0.18). The findings were similar to the study by Sharma et al.
done on Indian population using calcaneal QUS and have found

75% of female and 50% of male to have lower BMD [15].
Dietary habits, whether mixed or vegetarian, did not show a
statistically significant effect on osteopenia (P = 0.26).
Regarding BMI, patients with normal weight generally had
almost normal T-scores, whereas overweight individuals were
slightly osteopenic; notably, the sole underweight patient in the
study was significantly osteoporotic. However, the BMI was not
found to be an independent predictor for osteoporosis. The
same finding was elaborated by the study of Khinda et al. [16],
suggesting higher BMI patients had less chance of getting
osteoporosis. A key finding was that symptomatic patients had
significantly lower T-scores than asymptomatic ones, and QUS
was effectively able to detect osteopenia in these symptomatic
individuals (P = 0.001 for symptoms in multivariate analysis).
This suggests QUS’s potential as a valuable screening tool for
patients presenting with symptoms indicative of osteopenia.
Other variables such as sex, height, weight, and BMI were not
found to significantly influence the predictive power of the
QUS tool in this analysis. The ROC curve indicated a 73%
sensitivity of QUS for BMD measurement, which is comparable
to the study by Liu et al. [17]. Although integration of QUS
results with clinical risk factors (CRFs) is not currently routine
practice, prior studies, such as Hans et al., using data from the
EPISEN cohort (n=12,958 elderlywomen), demonstrated that
combining QUS with CRFs (including BMI, fracture history,
chair-rise test, falls, smoking, diabetes, and heel stiffness index)
improves prediction of fracture risk over 5- and 10-year periods
[18]. On multivariate analysis, they have found that apart from
age, seven other variables had predictive value. Those included
were BMI, any history of fracture, results of the chair test, a fallin
the last 1 year, habit of cigarette smoking, diabetes mellitus, and
the heel stiffness index. However, in the present study, the BMI
was not found to be a significant predictor of osteopenia. The
combination of CRFs and heel QUS was useful in predicting
risk of fracture for different age groups, and it had better
predictive value than the singular use of either CRFs or QUS.

This study reinforces the utility of QUS as a practical, low-cost,
and accessible tool for preliminary bone health assessment. Its
demonstrated ability to detect osteopenia, particularly in older
and symptomatic populations, suggests it can play a crucial role
in addressing the underdiagnosis of osteoporosis, especially in
regions where central DXA accessislimited.

Conclusion

This study concludes that calcaneum QUS proved to be a rapid
and efficient method for assessingbone mass density when used
for the general population. Given its cost-effectiveness,
portability, and safety due to the absence of ionizing radiation,
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QUS serves as a valuable and attractive alternative for initial bone
health assessment, particularly in settings with limited access to

Clinical Message

central DEXA and can help in the treatment of osteoporosis by

early diagnosis of individuals at risk of fragility fractures.

QUS of calcaneum may be utilized in symptomatic patients as an
alternative to DEXA for BMD assessment.
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