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Dependences of Ultrasonic Parameters for Osteoporosis Diagnosis on
Bone Mineral Density
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Abstract Quantitative ultrasound technologies for osteoporosis diagnosis measure ultrasonic parameters such as
speed of sound(SOS) and normalized broadband ultrasound attenuation(nBUA) in the calcaneus (heel bone). In the
present study, the dependences of SOS and nBUA on bone mineral density in the proximal femur with high risk
of fracture were investigated by using 20 trabecular bone samples extracted from bovine femurs. SOS and nBUA
in the femoral trabecular bone samples were measured by using a transverse transmission method with one
matched pair of ultrasonic transducers with a center frequency of 1.0 MHz. SOS and nBUA measured in the 20
trabecular bone samples exhibited high Pearson's correlation coefficients (r) of r = 0.83 and 0.72 with apparent
bone density, respectively. The multiple regression analysis with SOS and nBUA as independent variables and
apparent bone density as a dependent variable showed that the correlation coefficient r = 0.85 of the multiple
linear regression model was higher than those of the simple linear regression model with either parameter SOS or
nBUA as an independent variable. These high linear correlations between the ultrasonic parameters and the bone
density suggest that the ultrasonic parameters measured in the femur can be useful for predicting the femoral
bone mineral density.

Keywords: Osteoporosis, Bone Mineral Density, Ultrasound, Speed of Sound, Broadband Ultrasound Attenuation
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Table 1 Apparent bone density, SOS, and nBUA in
the 20 femoral trabecular bone samples used

in the present study

Apparent bone densi SOS nBUA
Sample # | 7P (g/em’) N (s) | (dB/cn/MHz)
1 0.336 1480 18.4
2 0.412 1553 17.5
3 0.530 1538 25.5
4 0.549 1539 268
5 0379 1499 248
6 0436 1517 202
7 0.376 1516 16.0
8 0.299 1477 212
9 0.325 1491 19.6
10 0.644 1656 24.6
1 0.286 1459 9.9
12 0458 1545 18.4
13 0.501 1625 223
14 0.444 1549 257
15 0.469 1592 257
16 0307 1496 15.8
17 0.263 1474 12.0
13 0.349 1474 155
19 0.670 1571 24.5
20 0.463 1576 24.9
Between 0.425 1531 20.5
samples

Fig. 2

Fig. 3

Reference Signal
Sample Signal

Amplitude (V)

Time (4 s)

40

42

Ultrasound signals received without and with a
typical trabecular bone sample between the
ultrasonic transducers in water (reference and

sample signals)

20

Attenuation Coefficient (dB/cm)

. . .
05 086 07 08
Frequency (MHz)

Attenuation coefficients
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1.1

function of

frequency for a typical trabecular bone sample
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