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Abstract

Background: The aim of the study was to investigate the use of quantitative 
ultrasound (QUS) in the young (20-25years) Saudi females to obtain stiffness index 
values related to bone quality.

Method & Findings: In 101 young females recruited, QUS measurements were 
performed in the calcaneus region. 
33% and 3% had osteopenia and osteoporosis in the calcaneus respectively, stiff-
ness index values = 81.52 and 54.33 respectively. Of the 101 subjects, 65 young 
females did not suffer from osteopenia in that region with a mean stiffness index 
= 100.95. A strong association between Stiffness index with weight was found 
but not with height. 

Conclusions: We found that more than a third of the young Saudi females sam-
pled suffered from osteopenia in the calcaneus region; body weight had a positive 
relationship with stiffness index. 
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Introduction

The bone is characterized by its rigidity and hardness to pro-
vide structural support for the body protection of vital or-
gans, an environment for marrow (both blood forming and 
fat storage) and to act as a mineral reservoir for calcium 
homeostasis in the body [1].

Although dual-energy x-ray absorptiometry (DXA) and quan-
titative computed tomography (OCT) are two non-invasive 
procedures being reliable and accepted tests for osteoporosis 
in clinical practice [2] limited availability and the ionization 
nature of both tools have stimulated interest in safer, porta-
ble, and less expensive techniques to identify those at risk of 
osteoporotic fracture. 

Quantitative ultrasound (QUS) has been introduced as an indi-
rect assessment of bone quality [3-4] with the technique being 
attractive due to the non-ionizing nature of the procedure, 
lower cost and portability of the device [5]. The theory of QUS 
is based on the principle that bone as a porous material will ab-
sorb, scatter and transmit sound wave dependent on stiffness, 
density and volume of the material [6-7]. Both sound attenua-
tion and the sound velocity are combined to form the stiffness 
index used in commercial units. Parameters measured by QUS 
were found to correlate with trabecular volume and thickness 
which manifest strength and load-bearing capacity [8]. 

Both in-vitro and in-vivo studies showed that QUS and bone 
densitometry results are highly correlated as long as they are 
measured along a single direction and at the same location 
[9-10].
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Potential clinical use of QUS devices includes diagnosis of os-
teoporosis, fracture risk assessment and monitoring of skeletal 
changes associated with disease prognosis and treatment. Os-
teoporosis is a systemic skeletal disorder, characterized by low 
bone mass, microarchitectual deterioration of bone tissue and 
an increase in bone fragility and susceptibility to fracture [1, 11].

The aim of the study is to evaluate and measure stiffness 
index in young university aged Saudi females. 

Materials and methods

Study Design

101 young female adults were enrolled in the study (age 
range 20–24.9 years), following the distribution of the an-
nouncements of the study among young females. Informed 
consent was obtained from all subjects, and the study was 
approved by local research ethics committee. 

Each subject was interviewed using a standardized ques-
tionnaire to collect information on life style, smoking habits, 
and level of physical activity in leisure time; coffee and tea 
consumption, illness and the use of medications. Pregnant 
females, females stating that they have any disease or taking 
any medication affecting their bone or suffering from any 
terminal illness were excluded from the study. 

Age, body weight, height and body mass index (BMI) were 
recorded and QUS was applied to all subjects enrolled. 

QUS measurements

Measurements were made using Lunar Achilles Insight TM - 
GE Healthcare which is a heel water-bath ultrasound system. 
It generates a band of frequencies from 200 to 600 kHz. 
Stiffness index (automatically calculated from broadband ul-
trasound attenuation and the speed of sound), T-score and 
Z-score were recorded using a standard protocol supplied by 
the manufacturer. Daily quality control was carried out using 
the quality phantom. At the time of the study, data collection 
could not be started unless quality control test is passed and 
measurements were conducted on the independent foot. 

Statistical Analysis

Using SPSS software, One-way Anova was used to examine 
differences in Stiffness index between subjects with and wi-
thout osteoporosis and osteopenia. Pearson Correlation Co-
efficient was used to examine the presence of an association 
between age, weight, height, BMI index and Stiffness index, 
T-score and Z-score values in the calcaneus. 

Results

Age and anthropometric data of the subjects studied are 
presented in Table 1.

Of the 101 female subjects enrolled in the study, 3 subjects 
had T-score <-2.5 equivalent to the presence of osteoporosis 
in the calcaneus whereas 33 females had T-score (-1 to -2.5) 
suggestive of the presence of osteopenia within the calca-
neus. 65 subjects had T-score > -1 equivalent to the absence 
of both osteopenia and osteoporosis Table 2.

Table 1. Descriptive measures mean and (SD) for age, height, weight and BMI.

No of subjects Age (Yrs.) Height(m) Weight (kg) BMI

101
21.35 1.59 56.04 22.27

(0.83) (0.07) (9.47) (3.65)

Table 2.  Stiffness index (Mean ± STD) in the calcaneus in university aged female’s subjects (N=101) according to T-score 
classification.

Stiffness index
93.22 ±19.4

(N=101)

Normal 
T-score  > -1

Osteopenic 
T-score (-1 to -2.5)

Osteoporotic 
T-score <-2.5

P-value

100.95 ±16.2
(N=65)

81.52 ±15.65
(N=33)

54.33 ±4.93
(N=3)

0.000
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Table 3:  Pearson correlation coefficient of Stiffness index, T-score and Z-score at the calcaneus with age, weight, height and 
BMI within the young females.

Age Weight Height BMI Stiffness index T score

Age

Weight 0.21*

Height -0.03 0.28**

BMI 0.25* 0.87** -0.21*

Stiffness index -0.05 0.27** 0.14 0.24*

T score 0.04 0.23* 0.17 0.17 0.79**

Z-score 0.04 0.23* 0.17 0.17 0.79** 0.99**

*. Correlation is significant at the 0.05 level.
** Correlation is significant at the 0.01 level.

Stiffness index (Mean ± STD) in the calcaneus according to 
T-score classification is tabulated in Table 2. Mean stiffness 
index in 3 subjects with a T-score <-2.5 (classified as osteo-
porotic) was equal 54.33 compared to 81.52 in 33 subjects 
with a T-score between -1 to -2.5 (classified as osteopenic) 
and a mean stiffness index value of 100.95 in 65 subjects 
with a T-score above -1 (considered as non-osteopenic nor 
osteoporotic). Results demonstrated a significant statistical 
reduction in stiffness index associated with a T-score equal 
to -1 and below in the calcaneus (P= 0.000).

The association between QUS parameters (stiffness index, 
T-score and Z-score) measured and age, weight, height, BMI 
index was investigated and tabulated in Table 3. A positive 
correlation were found between weight and the three QUS 
parameters (P < 0.01 for stiffness index) and (P < 0.05 for 
both T-score and Z-score) with no significant correlation bet-
ween height and QUS parameters. The presence of correla-
tion in weight and its absence in height with QUS parameters 
resulted in the presence of significant correlation between 
BMI index and stiffness index only (P < 0.05) as BMI index is 
a result of dividing weight (Kg) by height squared (m2).

Discussion

Bone is a highly specialized support tissue which is charac-
terized by its rigidity and hardness. In females and during 
adolescence up to 90% of peak bone mass is acquired by 
early twenties [12] so the female passes to adulthood with the 
skeleton growing both in size and density with more bone de-
posited than withdrawn [13]. When this balance tips toward 
excessive resorption, bones weaken (osteopenia) and over 
time can become brittle and prone to fracture (osteoporosis).

Peak bone mass which occur during puberty which play an 
important role in the determination of osteoporotic fracture 
risk can be measured by specific tools. World Health Organi-
zation (WHO) defines bone mineral density as a tool in the 
assessment of bone strength in clinical practice [14]. Limited 
availability and the ionization nature of DXA and CT have 
stimulated interest in safer, portable, and less expensive te-
chniques to identify those at risk of osteoporotic fracture. 

QUS in bone has been proposed to provide information re-
lated to bone structure [6]. It is a simple inexpensive and 
non-invasive technique which does not contain any radiation. 
QUS was suggested as a tool to predict osteoporosis [3], a 
disorder characterized by low bone mass and an increase in 
bone fragility and susceptibility to fracture [1, 11].

The aim of the study was to provide information about stiff-
ness index measured by QUS in young Saudi females as a pa-
rameter related to bone strength and to establish a baseline 
measurement that would help later to identify changes in bo-
nes related to osteopenia and osteoporosis in Saudi Arabia.
Our result showed a mean stiffness index equal to 93.22±19.4 
in the whole sample, comparison with previous published 
data with similar age where not possible,  a comparison with 
other age groups post-pubescent girls, mean age 14.9 ±0.6 
years) and premenopausal Japanese population (40-49years) 
found similarities despite the age differences between groups 

[15-16]. Such similarity in stiffness indices in the calcaneus 
may arise from either ethnic difference in bone density as 
it is known that the Asian have smaller bone frame than 
Caucasians. The similarity in stiffness index between groups 
does not provide an explanation to the increase in bone den-
sity which occur at early twenties as peak bone is reported 
to occur at twenty years and continue to a premenopausal 
age [12].
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When the Stiffness index data were stratified according to 
T-score values assigned for osteopenia (-1 to -2.5) and osteo-
porosis (≤-2.5), a significant reduction in stiffness index was 
found in 36 subjects out of 101 females (P=0000). Although, 
the sample included in the study stated that they did not 
suffer from any disease nor taking any medication affecting 
their bone, a reduction in stiffness index in more than third of 
the sample studied represent an emerging problem in Saudi 
Arabia and would require further investigation. 

Mean Stiffness index in the neither non osteopenic nor os-
teoporotic group was found to be 100.95 ±16.2 which is 
higher than both previous studies in the post-pubertal girls 
and premenopausal females [15-16], which may reflect an 
improvement in bone strength at the beginning of the third 
decade of life. Further studies on wider age range are requi-
red to examine such suggestion.  

The presence of T-score below -1 in more than a third (≈33% 
with T-score -1 to -2.5 and the rest 3% with a T-score ≤-2.5) 
of the sample studied suggest that the presence of osteope-
nia and osteoporosis is not confined to the postmenopausal 
community in Saudi Arabia [17] but it have earlier origins. 
The study demonstrated the need to examine both genetic 
and environmental contribution to bone mass, including the 
effect of diet and the absence of a program for physical ac-
tivities for the Saudi females which resulted in the presence 
of low levels of mechanical loading affecting growing bone. 
The ability to use QUS to predict fracture and to determine 
who might be most beneficial from preventive measures will 
be useful [16], due to the increase incidence of osteoporosis 
and osteopenia within the region [17]. Studies both in-vitro 
and in-vivo demonstrated that QUS and bone densitometry 
results are highly correlated provided that they are measu-
red along a single direction and at the same location [9-18], 
although further studies are required to correlate QUS in the 
calcaneus and BMD measurements in the spine and femur 
areas by DXA.

The positive correlation found between BMI and Stiffness 
index is contributed to the effect of weight and not height; 
results from this study are consistent with previous reports, 
where increasing weight is known to be associated with hig-
her bone density [2, 19]. Such findings suggest the importan-
ce of considering body weight in the evaluation of patients 
in relation to the diagnosis of osteoporosis [20]. 

The study demonstrates the ability to use QUS to examine 
bone quality in the calcaneus of the young adult females, 
with a reduction in stiffness index – corresponding to os-
teopenia and osteoporosis- in a third of the sample studied. 
Whether the reduction in the calcaneus area is equivalent to a 
reduction in the spine and femur require further investigation 
to determine whether the etiology of low QUS values is diffe-
rent from that of low bone mass and will open the possibility 
for QUS to be used as a screening tool in osteoporosis. 

In conclusion, the present study shows that stiffness index 
values for the young Saudi adult females not suffering from 
osteoprosis or osteopenia are higher than values obtained 
from the premenstrual Caucasians and premenopausal Japa-
nese females. A reduction in the stiffness index in the third 
of the sample was found corresponding to the presence of 
osteopenia. Weight has a positive relationship with bone mi-
neral density. 
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