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Numerical analysis on sound compensation performance of round

window stimulation in typical middle ear diseases
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Abstract. Objective To study the effect of typical middle ear diseases on sound compensation of round window
(RW) stimulation, so as to provide references for the optimal design of middle ear implants by RW stimulation.
Methods The finite element model of the middle ear and cochlea was built by CT scanning and reverse engineer-
ing technique, and its reliability was also verified. On the basis of the model and by changing material properties
of corresponding tissues, three typical middle ear diseases were simulated. hardening of stapedial annular liga-
ment, abnormal stapedial bone growth and hardening of anterior mallear ligament. Then the response from dis-
placement of basilar membrane (BM) was compared to analyze the impact of this 3 types of middle ear diseases
on sound compensation of RW stimulation. Results The stapes with abnormal bone growth severely deteriorated
the equivalent sound pressure (ESP) of RW stimulation at higher frequencies, while the hardening of stapedial
annular ligament and the hardening of anterior mallear ligament prominently decreased ESP of RW stimulation at
lower frequencies. Among the 3 types of middle ear diseases, hardening of stapedial annular ligament affected
the sound compensation of RW stimulation more significantly with the amount of the ESP reduction up to 17 dB.
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Conclusions Middle ear diseases can deteriorate the sound compensation of RW stimulation seriously with large
deterioration, Therefore, the output of the actuator should be targeted to improve when designing the middle ear

implants by RW stimulation.

Key words: Middle ear diseases; Round window stimulation; Optimization and compensation; Basilar membrane

displacement; Finite element analysis
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An experimental study on effects of paraformaldehyde fixation on
viscoelasticity of rat vertebrae

JIE Tian-yang', CHENG Peng-zhen’ (1. Xi’ an Tie Yi High School, Xi’ an 710054, China; 2. Department
of Orthopedics, Xijing Hospital, the Fourth Military Medical University, Xi’ an 710032, China)

Abstract. Objective To observe the effect of paraformaldehyde fixation on viscoelastic properties of the verte-
brae in rats, so as to find the best methods of preserving cancellous bone samples from the perspective of biome-
chanics. Methods Twenty 8-week-old healthy female Sprague-Dawley rats were selected, and their whole L4
and LS vertebra were separated by surgery. The total 40 vertebrae were randomly and evenly divided into experi-
mental group and control group. The experimental group was fixed with 4% paraformaldehyde for 72 h, and the
control group was transferred to 5 mL EP tube and cryopreserved at —20 C. Ten vertebrae were randomly se-
lected from each group for stress relaxation and creep experiments. After 7 200 s, the samples were collected
and their micro-structure changes were analyzed by micro-CT. Results The relaxation creep curve of experimen-
tal group was smoother than that of control group, the time to reach steady state was shorter, and the total
amount of relaxation creep at 500 s and 7 200 s was significantly decreased ( P <0.01). Micro-CT results showed
that relaxation and creep experiment could cause trabecular rupture, and trabecular damage was more severe in
experimental group than that in control group. Conclusions Paraformaldehyde significantly reduce the viscoelas-
ticity of rat vertebrae, and it is more easily to cause microstructure damage under mechanical stimulation, which
is detrimental to cancellous bone preservation.
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