s1228K5t5|X| M302 M1S pp. 56~62 (2011)

29| AZUM SEXSTIO| YMATO
TRE S Alolo] MEA

Correlations of Phase Velocities of Guided Ultrasonic Waves
with Cortical Thickness in Bovine Tibia
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In the present study, the phase velocities of guided ultrasonic waves such as the first arriving signal (FAS) and
the slow guided wave (SGW) propagating along the long axis on the 12 tubular cortical bone samples in vitro were
measured and their correlations with the cortical thickness were investigated, The phase velocities of the FAS and
the SGW were measured by using the axial transmission method in air with a pair of unfocused ultrasonic transducers
with a diameter of 12,7 mm and a center frequency of 200 kHz, The phase velocity of the FAS measured at 200
kHz exhibited a very high negative correlation with the cortical thickness and that of the SGW arriving after the
FAS showed a high positive correlation with the cortical thickness, The simple and multiple linear regression models
with the phase velocities of the FAS and the SGW as independent variables and the cortical thickness as a dependent
variable revealed that the coefficient of determination of the multiple linear regression model was higher than those
of the simple linear regression models, The phase velocities of the FAS and the SGW measured at 200 kHz on the
12 tubular cortical bone samples were, respectively, consistent with those of the SO and the AO Lamb modes calculated
at 200 kHz on the cortical bone plate,
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Fig. 1. Cortical and cancellous bones of long bones such
as the tibia.
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Table 1. Mean value, standard deviation, and range of the
cortical thickness on the 12 tubular cortical bone

samples.

DEE ME | B HEAL E|agk Z|CHzx
# [mm] [mm] [mm] [mm]
1 1.7 0.1 1.6 1.9
2 2.1 0.1 2.0 23
3 24 0.1 2.2 25
4 29 0.2 2.6 3.2
5 3.1 0.3 2.8 35
6 3.7 0.3 3.1 45
7 41 0.1 4.0 43
8 44 0.2 4.2 49
9 45 0.3 4.2 5.1
10 49 0.3 45 55
1 53 04 49 6.1
12 59 0.3 53 6.2
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Fig. 2. Schematic diagram of the experimental arrangement
for measuring the phase velocities of guided ultrasonic
waves in the tubular cortical bone samples by using
the axial transmission method.
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Fig. 3. Waveform of the received signal at the transmitter-

receiver separation of 100 mm on the cortical bone
sample with a cortical thickness of 2.11 mm.
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Fig. 4. Correlation between the phase velocity of the FAS
measured at 200 kHz and the cortical thickness on
the 12 cortical bone samples.
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Fig. 5. Correlation between the phase velocity of the SGW
measured at 200 kHz and the cortical thickness on
the 12 cortical bone samples.
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Table 2. Simple and multiple linear regression models for
predicting the cortical thickness from the phase
velocities of the FAS and the SGW measured at
200 kHz on the 12 cortical bone samples.

A= S &

R? RMSE [mm]
FAS 0.81 0.10
SGW 0.63 0.14

FAS + SGW 0.91 0.07
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Fig. 6. Lamb wave dispersion curves as a function of the
frequency-thickness product on the cortical bone
plate: (a) phase velocity and (b) group velocity.
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