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Numerically simulating the biomechanical response to
membranous labyrinth in the vestibular system
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Industrial Equipment, Dalian University of Technology, Dalian 116024, China; 2. Department of Otorhinalaryn-
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Abstract; Objective To study the biomechanical response to cupulae partition of statoreceptor in the rotational
chair test and to provide a quantitive platform for vestibular system assessment. Method Based on the histologi-
cal slides from the right temporal bones from a healthy volunteer, a three-dimensional geometry of membranous
labyrinth in the vestibular system was reconstructed. The biomechanical response of the volunteer to sinusoidal
rotation chair test (0.8 Hz, +£40°) with the head pitch 30° was numerically simulated by the Lagrangian method.
Results The maximum displacement of cupula partition in the right horizontal semicircular canal is 54.2 um, and
15.9 ym in the posterior semicircular canal as well as 43.7 ym in the anterior semicircular canal. However, the
displacement response in the anterior semicircular canal is identical on both ears, and it would counteract the eye
movement. Secondly, the normal displacement in the right semicircular canal deflect from the side of canal to the
side of utricle, while in the left semicircular canal, it deflect from the side of utricle to the side of canal when the
chair rotated to the right, and it is opposite when the chair rotate to the left. Conclusions The biomechanical re-
sponse to cupulae partition by this numerical simulation is in accordance with Flourens law and Ewald laws.
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Fig.2 Cross-sectional area functions!'’1,
and membranous duct ( gray) cross-sectional area functions of the

Bony canal ( blank)

HC (a), AC (b) and PC (c¢) are shown respectively, where solid
curves indicate labyrinth 1 and dashed ones indicate labyrinth 2.
And (d) is an enlarged view of the labyrinth. The membranous
ducts are defined to extend from the cupula, along the canal,
down the CC and/or utricle, and back to the cupula.
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Fig.5 The displacement distribution of all cupule partition of right semicircular canals at time of peak velocity
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