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Fig. 2 Schematic diagram of the experimental device
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Tab. 1 Deflection of bone specimens at 70V and different frequencies
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Fig. 3 The temperature of bone specimen under

long time alternating electric field
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Fig. 4 Temperature changes of bone specimens at 70V and different frequencies
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Fig.5 Temperature changes of bone specimens at 10kHz and different voltages
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Tab. 2 Deflection of bone specimens at 10kHz and different voltages
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Fig.8 Experiment and fitting data of bone specimens temperature at 70V and different frequencies
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Experimental study on temperature rise of bone
surface induced by an alternating electric field

FAN Dong-dong, QU Chuan, KANG Hui-min, HOU Zhen-de

(Department of Mechanics, School of Mechanical Engineering, Tianjin University, Tianjin 300354, China)

Abstract: Bone has electromechanical properties, which may be available for promoting the bone tissue
growing. Bone is a vital organ and also a dielectric material. Under an alternating electric field, its
behaviors may play some role in biological process. This study aims to measure the temperature rise
on a bone cantilever surface induced by an alternating electric field as well as the bending deflections at
the free ends of the cantilevers. The experimental results show that the maximum surface temperature
rise reaches 2~4°C and the maximum deflection change reaches 9. 0~78. 7um under an electric field
with voltage of 70V and frequencies of 10~70kHz. The maximum surface temperature rise reaches to
4~6°C and the maximum deflection change reaches 13. 0 ~ 114, 3pm under an electric field with
frequency of 10kHz and voltages of 70 ~175V. Temperature rises of two typical dielectric materials
polymethyl methacrylate and polyethylene, under alternative current voltage, are also measured,
which are below 0. 5°C. When the alternating electric voltage is changed to a direct current voltage
with the same amplitude, the temperature rise is also below 0. 5°C. Consequently, the relative high
temperature rise represents the alternating current electric properties of bone. During the temperature
rise, both the bone cantilevers and the typical dielectrics have bending deformation with similar
deflections, which means that the deformations under alternating electric field represent their material
properties instead of biological properties. Based on experimental results, data fitting and analysis are
conducted and the results show that the high temperature rise is from the collagens in bone in
dielectric loss. The analysis result also shows that the dielectric constant of bone collagen variates
with the frequencies of electric field between 10~70kHz, while the relationship of loss and the electric
voltage follows the typical dielectric loss law, that is, the loss is proportional to the square of the
applied voltage.

Keywords: bone; electric field; surface temperature; dielectric loss; bending deformation



