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ABSTRACT: It is known that change in the bone strength of cortical bone constituting the outer shell of long
bones such as the tibia or radius due to aging and osteoporosis is a risk factor for fracture. In this study, the group
velocity of time-reversed Lamb waves generated in tibial cortical bone in vivo was measured using a time reversal
method, and the correlations of the group velocity with the cortical bone thickness (¢Th) and cortical bone mineral
density (cBMD) closely related to the bone strength were investigated. It was found that the group velocity of
time-reversed Lamb waves measured in the right tibia of 7 subjects showed a very high correlation, » = 0.90 (p <
0.0001), with the ¢Th and a relatively low correlation, » = 0.69 (p <0.0001), with the cBMD. A limitation of this
in vivo study is that the group velocity of time-reversed Lamb waves was measured for a normal group consisting
of only 7 healthy adults. In the future, if the clinical usefulness of the time-reversed Lamb wave is demonstrated
by follow-up studies on normal and osteoporotic groups consisting of a large number of healthy adults and
osteoporotic patients, respectively, it is expected to improve the reliability of quantitative ultrasound technology
for osteoporosis diagnosis. In addition, it is necessary to expand the skeletal site for measuring the group velocity
of time-reversed Lamb waves not only to the tibia but also to the femur or radius.
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Fig. 1. Schematic diagram of the experimental setup
for measuring the group velocity of time-reversed
Lamb waves generated in tibial cortical bone in vivo
using a time reversal method.
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Fig. 2. (a) Initial Lamb wave recorded at the receiver,
(b) time—revered waveform of the initial Lamb wave,
and (c) time—reversed Lamb wave recorded at the
receiver.
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Table 1, Descriptive statistics of the age, the group
velocity, the cTh, and the cBMD in the 7 subjects.

Parameter Mean + SD Range

Age (years) 29.1+£10.2 22-51
Group velocity (m/s) 1797 £ 34 1750-1855

cTh (mm) 3.1+0.8 2.0-4.2
¢BMD (mg/cm’) 976 + 87 853-1088
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Fig. 3. Correlation between the group velocity of
time—reversed Lamb waves and the cortical bone
thickness (cTh). The solid line represents the linear
regression fit,
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