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Analysis of dynamic damage on middle ear under high pressure

YUAN Yin-sheng,
200072, China)

YAO Wen-juan ( Department of Civil Engineering, Shanghai University, Shanghai

Abstract; Objective To study the middle ear damage caused by high pressure. Methods The finite element
model of human middle ear was established based on CT scanning, and the change of stress, strain and dis-
placement of the tympanic membrane and stapes footplate was analyzed when the model was applied with time-
varying pressure. Results The satisfactory agreement between the computational results and the corresponding
experimental data in the literature could indicate the validity of the model. High pressure would cause damage to
middle ear, and the damage would be aggravated with the pressure increasing. Rapid pressurization could make
severely damage to middle ear, but have minor effect on inner ear. Slow pressurization could also lead to middle
ear damage, but inner ear might be damaged before the injury to middle ear. Conclusions High pressure can
easily lead to the ear damage; therefore, the pressurized rate should be controlled strictly to protect the hearing
during pressurization.

Key words: High pressure; Middle ear; Pressurized rate; Hearing damage; Finite element analysis
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Fig.1 Finite element model of human ear (a) Finite element model of the middle ear and inner ear, (b) Node distribution diagram of the eardrum

and stapes footplate
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Tab.1 Material constants used for soft tissues of the middle ear

HA co/MPa ¢y /MPa  ¢;;/MPa ¢,/ MPa ¢y, /MPa
g 0.4196 -0.2135 -2843.5 1357.8 1496.7
SEAESKAL -0.007 1 0.025 4 -30.933 14.059 17.297
M)A 0.0123  0.0286 -28.476  12.793 16.302
L -0.0524 0.0823 -62.039 28.033 34.864
HBEREH -0.1085  0.2111 -1796.3 85.037 953.51

x®2 WEHMEESH

Tab.2 Material properties used for the ossicular chain

M SLPEAS 1/ MPa B/ (kg - m ™)
eSS 14 100 2 550
e 350 14 100 4 530
AR 14 100 3700
fiti i1 14 100 2 360
Tl 5% 14 100 2 260
il KR 14 100 5080
B 14 100 2 200
-l Gy 14 100 3200
fili-48 G 0.6 1 200
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Fig.2 Comparison of the amplitude at umbo between the finite
element model in the study and the experiment reported
in the literature (a) Experiment of literature [20],

(b) Experiment of literature [ 21 ]
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Fig.3 Tympanic membrane stress curve (a) At radial nodes,

(b) At circumferential nodes
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