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Biomechanical study on effect of outer pillar cells softening on sound sensing of organ of Corti

MA Wenkai', XU Xu', YAO Wenjuan®
1. School of Mechanics and Engineering Science, Shanghai University, Shanghai 200444, China; 2. Shanghai Institute of Applied
Mathematics and Mechanics, Shanghai 200444, China

Abstract: The sound sensing process of organ of Corti is easily affected by changes in internal structural properties. Loss of
vasodilation-stimulated phosphoprotein in the outer pillar cells slows the formation of actin filaments, resulting in hearing
delay. In the study, COMSOL is used to establish a three-dimensional finite element model to investigate the changes in the
mechanical behaviors of the basilar membrane and the junction between outer hair cells and Deiters cells during the sound
sensing process of organ of Corti under the condition of outer pillar cells softening caused by the absence of actin. The result
shows that the softening of outer pillar cells weakens the magnification of the active power of outer hair cells on the
displacement gain of the basilar membrane, but the weakening doesn't occur immediately, which means the organ of Corti
has a "buffer" stage to maintain normal functions. There may be a critical value of sound pressure level between 100 dB and
120 dB. In two sides of this critical value, the effects of the softening of outer pillar cells on the stress of the basilar membrane
are completely opposite. In addition, the softening of outer pillar cells has different effects on the mechanical behavior of
different junctions between outer hair cells and Deiters cells, and the priority of displacement gain changes accordingly.
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Figure 1 Fluid-solid coupling finite element model of organ of Corti and lymph
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Table 2 Correspondence between sound pressure level and

scala tympani pressure

74 54 /dB SPL HMHIETE [ /Pa S s /Pa
60 0.02 1
80 0.20 2
100 2.00 6
120 20.00 50
140 200.00 112
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Figure 2 Schematic diagram of the basilar

membrane displacement measurement point
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Figure 3 Comparison of the basilar membrane gain of

the proposed model and experimental results
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Figure 5 Active stress and stress gain changes of the basilar membrane
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Figure 7 Displacement gain changes at the junction between Deiters cells and outer hair cells at 60 dB and 140 dB sound pressure levels
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Figure 9 Stress gain changes at the junction of Deiters cells and outer hair cells at 60 dB and 140 dB sound pressure levels
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Figure 10 Stress gain and active and passive stress changes at the junction between Deiters cells and outer hair cells when the outer pillar

cell stiffness is normal
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