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Effect of tympanic membrane perforation on vibration of hearing
system

LI Sheng', YU Shen', WANG Ji-zhe’ (1. State Key Laboratory of Structural Analysis for Industrial
Equipment, Dalian University of Technology, Dalian 116024, China; 2. ENT Department, The Second Affiliated
Hospital of Dalian Medical University, Dalian 116025, China)

Abstract: Objective To study the effects of the size and diffraction of tympanic membrane perforation on hearing
system of human ear. Method The whole temporal bone from a healthy volunteer is scanned using spiral CT.
The digitized outlines of images are imported into ANSYS to construct a three dimensional finite element model of
the human ear. Results The resonance frequencies become 3.6, 4.4 and 4. 6 kHz with the increase of perfora-
tion areas as 0.97, 3.66 and 7.97 mm’, respectively. The larger perforation in the tympanic membrane results in
a lower stapes footplate displacement. The displacement swing of the stapes footplate decreased clearly under
the action of sound wave from the diffraction. The peak values of the displacement nephogram of the tympanic
membrane are 0.32, 0.20 and 0. 19 ym at 1000 Hz, respectively. At the resonance frequency, the peak values of
the displacement nephogram of the tympanic membrane are 0.20, 0.14 and 0.09 ym, respectively. Conclusions
The larger the size of the perforation is, the smaller stapes footplate displacement will be, especially at the low-
er frequency of 4 kHz with the higher resonance frequency. The peak values of displacement nephogram will be-
come smaller with the increased size of perforations. The results would give helpful information for the clinical
treatment.
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Fig.2 The location of tympanic membrane perforations
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Fig.3 Effects of the perforation size on tympanic
membrane displacements
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Fig.4 The classical audiogram of the per-
foration of tympanic membrane
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Fig.7 Displacement distribution in the tympanic membrane
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