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Table 1. Stimulation material parameters of bovine
tibia.

p/kg. m~3 E/GPa \% h/mm

1500 14 0.37 3
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Fig. 1. Lamb waves dispersion curves of bovine tibia.
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Fig. 2. Simulation model: (a) Simulation illustration;

(b) confocal transducer model.
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Fig. 3. Experimental setup.
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(color online) Vibro-acoustic simulation re-
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Fig. 7. (color online) Vibro-acoustic experimental re-
sults of single beam: (a) Distance-time graph; (b) time

frequency representation.
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Abstract

Ultrasonic guided wave is sensitive to waveguide microstructure and material property, which has great potential
applications in long cortical bone evaluation. Due to the multimodal dispersion effect, low-frequency guided wave is
usually used to avoid multimode overlapping and simplify the signal processing. However, the traditional low-frequency
ultrasound transducer is usually designed on a large-scale (around several millimeters), leading to relatively low-spatial
resolution. In response to such a technique limit, an ultrasound-stimulated vibro-acoustic method is introduced to
excite low-frequency ultrasonic guided waves. There are two excitation ways of the ultrasound-stimulated vibro-acoustic
method, i.e., a single amplitude-modulated (AM) beam and confocal beam excitation. In the case of the single beam
excitation, a high-frequency signal is modulated by using a low-frequency amplitude. In addition, low-frequency vibration
can also be produced by a confocal transducer, where two beams are close to the center frequency and focus on a small
region. In this way, the frequency difference between two beams can be selected to generate the arbitrary low-frequency
excitation in a given bandwidth on the focus point. In this paper, we first introduce the theory of ultrasonic guided
wave in the plate and the basic principle of ultrasound-stimulated acoustic emission. Second, the three-dimensional
finite element method is used to simulate the phenomena of the low-frequency ultrasonic guided waves excited by the
ultrasound-stimulated vibro-acoustic method. Two Gaussian-function enveloped tone-burst signals close to the center
frequencies of 5 MHz are used to excite 150 kHz low-frequency guided wave in a 3 mm-thick bone plate. An ex-vivo bovine
bone plate is involved in the experiments to test the feasibility of the proposed method. The axial transmission ultrasonic
guided waves are recorded at eight different propagation distances. The time-frequency representation method is used to
analyze the dispersive guided waves. The results indicate that both the two confocal beams and the single AM beam are
capable of stimulating low-frequency ultrasonic guided waves in the bone plate. The first two fundamental guided wave
modes, i.e., symmetrical SO and asymmetrical AQ are observed in the bone plate. Similar spectrum can be obtained in the
two different excitation ways. In the simulation and experiment, two wave packets can be separated in the distance-time
diagram of the received signals. Good agreement can be found between the results of time-frequency representation and
the theoretical group dispersion curves. This study can enhance the spatial resolution of measuring ultrasonic guided
wave in long bone, and improve the flexibility of excitation with arbitrary frequency in a given bandwidth. The study
can be helpful for developing the new clinical techniques of using low-frequency guided waves for long cortical bone

assessment.

Keywords: long cortical bone, ultrasonic guided wave, finite element simulation, vibro-acoustic stimu-

lating
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