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Is ultrasound wave affected by anisotropy of trabeculae

Won-Sok Yoon*, Young-June Yoon#*
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ABSTRACT

Mechanical properties of cancellous bone with a high porosity and cortical bone with a high
fraction of solid are estimated by the measurement of ultrasonic wave propagation. The speed of
sound (SOS) in ultrasonic waves is usually measured by two equations, bulk wave equation
and bar wave equation. Bulk wave speed has almost same as the fast wave of Biot’s theory. In
this study, we examine whether the bulk wave speed is influenced by the anisotropy of bone
matrix. The SOS when the bone matrix is isotropy is 0.69% faster than that when the bone
matrix is transversely isotropy. We also examine if the use of bar equation is adequate for a
cortical bone. In the previous paper, the bar wave speed is a function of Young's modulus or
elastic coefficient tensor. In the same manner, the effect of bar wave speed to isotropic and
anisotropic bone is estimated.
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Table 1. The effective transversely isotropic elastic
constants of Ashman et al.(1984)

Properties Mean
E, = E,(GPa) 1268
E;(GPa) 20.001
G, (GPa) 4535
Gy = G)5(GPa) 5912
Vyg = Vy; 0.398
Vi3 = Vag 0.229
Vgy = Usy 0.36
2. w7 Y g A

Table 2. The effective isotropic elastic constants
of Ashman et al.(1984)

Properties Mean
E(GPa) 14.368
G(GPa) 541

v 0.328
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Table 3. Relationships between the measured velocities
and the elastic coefficients, Van Buskirk et al

(1981)
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Table 4. Notation of the direction of the wave
velocities, Van Buskirk et al (1981)
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v, =3116.19 m/s (6)
v,;.3 =3748.83m/s
v; =3283.79 m/s
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