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Study on the Dependence of Ultrasonic Phase Velocity on Porosity,
Frequency and Propagation Angle in Cancellous Bone
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Abstract In the present study, the dependence of ultrasonic phase velocity on porosity and frequency in
cancellous bone was predicted using the Biot model and the modified Biot-Attenborough (MBA) model for
propagation in fluid-saturated porous media. 1t was also compared with previously published measurements in
human and bovine cancellous bones in vitro. It was shown that the phase velocity in cancellous bone decreased
with increasing porosity and frequency. The dependence of phase velocity on propagation angle in cancellous bone
was predicted using the Schoenberg model together with the Biot model and the MBA model which were modified
to include the effect of angle. The theoretical models used in the present study advance our understanding of the
interaction between ultrasound and cancellous bone and can be expected to be usefully employed for the diagnosis
of osteoporosis.
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Table 1 Input parameters of the Biot model,

Fig. 1

Geometry of
propagation in periodically atternating paraliel
solid-fluid layers

the Schoenberg model for

the MBA model, and the Schoenberg model for cancellous

bone
Parameter Biot model MBA model Schoenberg model
Density of solid 1800 kg/m’ 1800 kg/m’ 1800 kg/m’
Compressional speed of solid 3200 m/s 3200 m/s
Shear speed of solid 1800 m/s
Young’'s modulus of solid 13.7 GPa
Poisson’s ratio of solid 0.3
Poisson's ratio of frame 0.23
Density of fluid 1000 kg/m’ 1000 kg/m* 1000 kg/m"
Compressional speed of fluid 1483 m/s 1483 m/s
Bulk modulus of fluid 2.2 GPa
Viscosity of fluid 0.001 Pa - s
Kinematic viscosity of fluid 1x10 * m%s
Specific heat ratio of fluid 1.004
Prandtl number of fluid 7
Permeability 5x10 ¢ m?
Pore radius Depend on porosity 0.5 mm
Tortuosity Depend on porosity 1
Variable T 0.25
Exponent 7 21
Boundary condition parameter 81 15
Phase velocity parameter S 1.42
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