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Measurements of piezoelectric properties in cancellous bone under ultrasound
irradiation
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In this study, the piezoelectric properties of cancellous bone in the
ultrasound (high-frequency) region were experimentally investigated. First, "a piezoelectric cell,”
which is an ultrasonic sensor using a cancellous bone specimen as a piezoelectric element was
developed and improved,and a method for observing piezoelectric signals generated in cancellous bone

by ultrasoound irradiation could be established. Next, using the piezoelectric cell, the
piezoelectric signal in cancellous bone was measured, and the piezoelectric properties were
investigated. Concretely, the difference in the piezoelectric signal owing to the fluid filling the
pores in cancellous bone was shown with the relationship with the ultrasound signal propagating
through the bone. Moreover, the effect of the trabecular orientation in cancellous bone on the
piezoelectric signal were shown.
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(a) Parallel direction (b) Perpendicular direction

Fig. 3 Variations (rotations) of irradiated ultrasound direction parallel and
perpendicular to the layered trabecular orientation in cancellous bone.
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Fig. 4 Piezoelectric signal waveforms generated in cancellous bone by ultrasound
irradiation in the cases that the pore fluid filling in the bone was water and air.
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Fig. 5 Ultrasound signal waveforms propagating through cancellous bone by ultrasound
irradiation in the cases that the pore fluid filling in the bone was water and air.
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Fig. 6 Variations of piezoelectric signal amplitudes in cancellous bone with ultrasound
irradiation angle (a) parallel and perpendicular to the layered trabecular orientation.
The (red) circles represent the measured piezoelectric amplitudes, and the gray lines

represent the theoretical directivity of an ordinary ultrasound receiver.
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