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The mechanism of sensing postural changes in human ears

by numerical simulation
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Abstract; Objective To study the general mechanical behavior pattern of sensing angular velocity by 3 pairs of
human semicircular canals. Methods Sinusoidal head rotation of a healthy subject was simulated by finite ele-
ment method to analyze the dynamic responses in the above 3 pairs of canals in the left and right inner ear.
Results Compared with the complicated node displacement distribution, the volumetric strain distribution of cupu-
la was regular. Specifically, each pair of cupulae expanded or contracted within the same amplitude with the
same response frequency to the angular velocity. The ratio of absolute volumetric strain among the horizontal
semicircular canal cupula (HC cupula), the anterior semicircular canal cupula (AC cupula), and the posterior
semicircular canal cupula (PC cupula), was approximately 1.00:0.80:1.72, which kept constant. In addition,
the volumetric strain of HC cupula was in phase with that of AC cupula, but showing 14.4° out of phase with the
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angular velocity, and 180° out of phase with that of PC cupula. Conclusions The volumetric strain of cupula can
preferably characterize the directional coding function of semicircular canal, and the amplitude, frequency and
phase of the cupular volumetric strain can encode those of the stimulated angular velocity, respectively. These
results will lay the foundation for establishing quantitative relationship of vestibulo-ocular reflex, and provide theo-
retical references for quantitative assessment for vestibular function by nystagmus examination.

Key words: Finite element analysis; Semicircular canal; Volumetric strain; Equilibrium mechanism
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Fig.1 Reconstructed geometric model of membranous labyrinth

for human ears
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Fig.2 Horizontal sinusoidal rotation velocity of the head

F1 TFEREWSETE ., P B i LR B B ) 4 BB R
Tab.1 Physical properties of the cupula, endolymph and membra-

nous labyrinth wall

e il 2R Al
Pk S % B/ o W TR L 122 0.48
(kg - m™=7) 2 S B TP/ ' 30
PNtk CL I BN 1 B R/ 5 A [ B T 2 3/
0.85 10°
(mPa - 5) (%] (kg +m™)

PR LR AR B 1/ GPa 2. 07 ||l ok i e 7 S A A e/
ST/ (kg - m =) 21 108 || Pal®
U TR AR i/ G P 2 5 |mEkEEETRARAL?) 0.50

2 #R

FEAGE AT R 30 O 9K Bl T, Ui T A A2 FE
BB A . — DA IR L S R A I TR



o OWE HERLMARERZEGCTLEIE

SHEN Shuang, et al. The mechanism of sensing postural changes in human ears by numerical simulation 11

P b RRIE L IUEE Bl R S B O I] (0 FPIRGR S Selva 2511 (OB IT S SUMRL . A SCHY KLY
SEAN B AL R B AR A — B, RIS T4 8 SR & AE A & R 00 SCh 2t 47 1 nl Sg 4k
(14 W FIAR (o T i ) RV ) RIS AR (IR 3) o 3 7 AT SR UEAS SR BT 45 S T 151

R /m ~1.38 s Re#/m ~1.50's Ri#/m ~1.55s R /m ~1.62's
0 ‘ 0 0 0
0.728E-006 . [ \ | 0.226E-006 0.272E-006 0.748E-006
0.146E-005 ﬁ } l 1| o 0.452E-006 0.544E-006 0.150E-005
0.218E-005 E ‘ = 0.678E-006 0.816E-006 0.224E-005
0.291E-005 \ 0.904E-006 0.109E-005 0.299E-005
0.364E-005 0.113E-005 0.136E-005 0.374E-005
fi#/m A /m fi#/m TR A it TR T
0.867E-018 0 0
0.192E-006 0.228E-006 0.727E-006
0.383E-006 0.456E-006 0.145E-005
0.575E-006 0.218E-006 A 0.218E-005
0.766E-006 0.291E-006 ‘ 0.291E-005
0.958E-006 0.364E-005 0.364E-005

LB R 250
B3 ABKFEHMEBERALBZ=E

Fig.3 Displacement contour plots of the right horizontal semicircular canal cupula
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Fig.4 Schematic of point distributions on the cupulae
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Fig.5 Time history of cupular displacement during head horizontal rotation (a), (b) Responses of nodes on the utricular side surface and on
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Fig.6 Time history of cupular volumetric strain
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