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Correlations between Acoustic Properties and Bone Mineral
Density in Bovine Femoral Trabecular Bone In Vitro
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ABSTRACT: The purpose of the present study is to investigate the correlations between acoustic properties, such
as speed of sound and normalized broadband ultrasound attenuation, and bone mineral density in femur with high
fracture risk. The speed of sound and the normalized broadband ultrasound attenuation in 15 bovine femoral
trabecular bone samples in vitro were measured by using a through-transmission method with two matched pairs
of ultrasonic transducers with center frequencies of 0.5 and 1.0 MHz. The volumetric bone mineral density of the
trabecular bone samples was measured by using micro-computed tomography. The bone mineral density
exhibited strong correlations with both the speed of sound and the normalized broadband ultrasound attenuation
measured by using the 0.5 and the 1.0 MHz transducers. The highest correlation was found between the bone
mineral density and the normalized broadband ultrasound attenuation measured by using the 0.5 MHz ultrasonic
transducers. The results suggest that the acoustic properties measured in the femur in vitro can be used as indices
for the prediction of femoral bone mineral density.
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Fig. 1. Schematic diagram of the experimental setup
for the measurements of SOS and nBUA of
femoral trabecular bone samples by using a
through-transmission method in water.
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Fig. 2. Image of a femoral trabecular bone sample
obtained by using micro-CT.
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Fig. 3. Ultrasonic signals received without and with a
typical trabecular bone sample (a) between the
0.5 MHz ultrasonic transducers and (b) between
the 1.0 MHz ultrasonic transducers in water
(reference and sample signals).
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Fig. 4. Attenuation coefficients as a function of frequency
measured by using the (a) 0.5 and (b) 1.0 MHz
ultrasonic transducers.
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0.5 MHz 1.0 MHz
Sal:;ple (smNﬂ%) SOS nBUA SOS nBUA
(m/s) (dB/cr/MHz) (m/s) (dB/cryMHz)

1 35.46 1552.86 1438 1554.16 2034

2 62.39 1502.04 11.03 1530.45 2297

3 60.43 150030 8.69 1512.86 16.31

4 2811 1539.63 18.96 1582.51 34.81

5 91.11 1542.57 16.93 1583.60 27.99

6 322,61 1586.69 24.62 1592.41 4251

7 281.53 1589.62 23.05 1620.18 31.51

8 103.11 1573.87 20.39 1583.67 30.05

9 172.84 1574.05 20.83 1575.41 37.61

10 171.35 1552.71 1934 1582.74 34.07

11 129.28 1523.84 14.44 1511.69 13.87

12 225.82 1570.59 235 1579.73 33.80

13 280.91 1586.79 27.77 1633.44 4244

14 216.80 1584.86 15.96 1598.83 2295

15 167.56 155531 17.29 1578.36 21.10
Between 169.95 1,555.72 18.40 1,574.67 28.82
samples
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H 2. BMD, SOS, % nBUA Al0|2] Pearson M&tHAZ () (2= roil CHoll p<0.0001)
Table 2. Pearson's correlation coefficients (r) among BMD, SOS, and nBUA (p<0.0001 for all r).

Parameter BMD 0.5 MHz SOS | 0.5 MHz nBUA | 1.0 MHz SOS | 1.0 MHz nBUA
BMD 1 0.72 0.82 0.73 0.72

0.5 MHz SOS 1 0.85 0.87 0.66

0.5 MHz nBUA 1 0.85 0.87

1.0 MHz SOS 1 0.75
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