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Ultrasonic guided waves in long bones based on finite-difference
time-domain method

ZHANG Zheng-gang, TA De-an ( Department of Electronic Engineering, Fudan University, Shanghai
200433, China)

Abstract; Objective To discuss the effects of elastic modulus on propagation characteristics of ultrasonic guided
waves in long bones based on finite-difference time-domain (FDTD) method, so as to provide the theoretical ref-
erences for evaluating bone fatigue damage at the early stage. Methods A cylinder was used to model the long
bone, and FDTD method was used to simulate the long bone with different elastic modulus. Then, the propaga-
tion characteristics of different guided wave modes were calculated, including the phase velocity, the group veloc-
ity, the central frequency and the energy. Results The elastic modulus of long bones was closely related with
the propagation characteristics of ultrasonic guided waves. The phase velocity, the group velocity, the central fre-
quency and the energy were all reduced with the decrease in elastic modulus, and the variation tendency of L(0,
5) mode was the most obvious. Conclusions The propagation of ultrasound guided waves can reflect the varia-
tion of elastic modulus of long bones, which provides a possible way to evaluate the fatigue damage at the early
stage in long bones.
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Tab.1 Material and structure parameters of the pipe model
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Fig.2 Relationship between guided wave velocity and elastic modulus (a) Phase velocity, (b) Group velocity
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Fig.3 Simulated results when elastic modulus was 60 % of the initial value and the propagation distance was 150 mm (a) Time domain sig-

nal of all modes and the L(0,5) mode, (b) Gabor time-frequency graph and theoretical dispersion curves of group velocities for all guided
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Fig. 4 Time domain signal and frequency spectrum of L(0,5) mode with different elastic modulus when the propagation distance was 100 mm

(a) Time domain signal, (b) Frequency spectrum
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