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Noninvasive measurements of piezoelectric signals in cancellous bone generated
by ultrasound irradiation
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Using a PE-FDTD (PiezoElectric Finite-Difference Time-Domaing method, a
numerical simulation program for piezoelectric signals generated in cancellous bone by ultrasound
irradiation could be developed. Not only the piezoelectric signal properties in cancellous bone
alone but also the properties in the bone under condition close to actual in situ could be
investigated by this program. Specifically, the piezoelectric signal generation at the deep depth of
cancellous bone and the effect of the cortical bone layer on the cancellous bone surface on the
piezoelectric signals were investigated. As a result for these investigations, it was concluded that
it is necessary to devise and develop a new method to observe the piezoelectric signals in
cancellous bone in situ.
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Fig. 1 Experimental arrangement using a piezoelectric cell (PE-cell) to observe a piezoelectric
signal generated in cancellous bone by ultrasound irradiation, along with a cross-sectional view

of the PE-cell.
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Fig. 2 Three-dimensional numerical model using piezoelectric finite-difference time-domain
(PE-FDTD) method for simulating a piezoelectric signal generated in cancellous bone by
ultrasound irradiation; (a) and (b) show the model dimensions, and the simulation input
[UltraSound (US) wave] and outputs [PiezoElectric (PE) and UltraSound (US) signals],

respectively.
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Fig. 3 Piezoelectric signal amplitudes in water-saturated cancellous bone as functions of mean
intercept lengths (MILs) of (a) trabecular elements and (b) pore spaces.
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Fig. 4 Simulated waveforms of (a) piezoelectric signals in cancellous bone generated by
ultrasound irradiation and (b) ultrasound signals transmitted through the bone, in which the
changes with the cancellous bone thickness d are shown.
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Fig. 5 Simulated waveforms of (a) piezoelectric signals in cancellous bone generated by
ultrasound irradiation and (b) ultrasound signals transmitted through the bone. The black and
red lines show the waveforms for cancellous bone without and with cortical bone layer,
respectively.
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