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NUMERICAL ANALYSIS OF HUMAN VESTIBULAR LABYRINTHS
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Abstract: This study is to develop a numerical model for simulating experimental processes of mechanical
indentation within semicircular canals, and to explore relationships between structural features and balance
mechanisms of semicircular canals. Based on published data and experimental results, a three-dimensional elastic
fluid dynamics model of the semicircular canal membranous labyrinth was established using the Fluid-solid
coupling method. The displacement response of semicircular canals was directly proportional to the peak value of
the indent stimulation, sharing the same phase, under low frequency indentation loads (<10/Hz). Meanwhile, the
lower the frequency of indentation loads, the faster the decay of the peak cupula displacement of horizontal
semicircular canals, the bigger the scale of attenuation, and the longer it takes to stabilize. This study proposed an
effective Fluid-solid coupling model of membranous labyrinth, and quantitatively interpreted the relationship
between mechanical indentations and rotation stimulus. It is expected that the present work offers a solid
foundation for advanced vestibular mechanics and its associated balance mechanisms.
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Fig.2 The influence of different gird sizes on the numerical

results
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Fig.4 The cupula displacement responses to 0.3Hz sinusoidal indent stimuli in semicircles

P =8 ALK P o B I Tk M AL R
Rabbit!™® M4 15 5% 5% 5 il Se ik 45 Fxt kb, W]
DL ZRME R R KPR B 1 Tum ML IR 3
JilAH 4T 5°/s Skl T BE P AR e B, X M B
UEBR T, 52 me 7 B I R 1) J i R L 0 0 AR
B AR 1R s, AN RAE S, AT
X R G

RIS, 1) IR A AR 1) 8. e IR R B S
U THUER G b R Am R, e SRR ER K, AR R
IR AL ETCOS, MAERE— &, TR s 2R 0,
o BE A AL 180° J M) o AN SIZEG Hh bk S U T
3.4mm, WL 5 s 2) JUA L, FRIRSEIG4S R
IS0 P JE P AN, PR AR TR AR R, I R
7 Ik T VR 5 08 T %) A8 S T A 8 A S A i e 2
2% L8 5 LR A RE R SRR AR s 3) XS TRl —1E
F o HARUEIN ST M 5 R R B, aw IR T F%
Wi 7 08 SR AT N 287 [e) ANERURR X RT P 4 R 5 2

(Saint-Venant’s Principle)f# . IR K k7 7 47 75 5
ERE b —/NIAR Y, Ar iR B R TR s Ak A FH X3k
B b gy, R T S AR A R AR R A A T
FEA G far i B oA R s ma far 280 E FH X B i
(R RE )53 o IXFR IR AE AR R IR S0 1 R o487 1)
FAFZ A 45

0.6+ —— BHJRAMNE ]
1 | R I T ) e it 2 A4k
£ 0.4
H i
=
024
=
Ew
g 4
-0.2-
~0.4-
1 2 3 4 5
IR A5 20 U T 26 28 h/mm

K5 SR i B 5 RS I ToT o 00 e i 22 28 4
Fig.5 The pressure differences across cupula response to

different indent spot



256 T 2

2
F

4 g

Rabbitt HEATHUIEIRSZ®, 4% N 0.3Hz,
Fr it X R UEAE AL A2 4pm, IS THAL A e 57 AR A
FEIRFATAHIA o WA SCHUEBIZE R IR 5e0 45
RATHE, A AR R —NMER, FFEAR
B AR B ARk 34 5 A5 ARG AR [R], AT DASGIE
BUE RS R ¢

PAFP AT I, ERRAK 2ERI A A B 0RO T s
o NASARIE, E 2 - TAL L st AR 5 Jn 4
B IEIZ AR, AT ORIES TR S AR i B AH
A, BPRIP=A 0 R A AE 5. KA e
U UeEs Tt ] — Aoz B 2 () A R B A e B2 (P AR S AR R, A
TV T AT A, AT 5 A A A E B A
W 772 N, BRI AT LA IR A B i A

SEBR BRI — P AR S, BRI
IR A 5 5 S 23 AN ORGP R A G I, AEA I
fFFL A, T B R POk R B AR S 1 R
Vi

iz FH Y [ A G BB A AL 7 VA0 9 g R S
KRR AN )15, AT DL B SE IR 9L, T
FLTT DL3R A5 B RE 22 458 A0 X6 S 56 5 VE 4 (1 AE 1) 11 %
FEME, BOIE 1 ] SATUARIR R B AR M) 52 A o B RN
DiRefImTgett, A mut LT E /1% S5 IR ERE 3 #
IR R B E A, UG R AT RER I 1297 1
HEAK TR

S -

[1] Kassemi M, Deserranno D, Oas J. Fluid-structural
interactions in the inner ear [J]. Computers & Structures,
2005, 83: 181 —189.

2] SkRF, REE, BIER HAEMIH AR R
HM)I]. R ERE SR E, 2010, 10(2): 72—74.
Zhang Tianyu, Wu Caiqin, Dai Peidong. Update and
prospect of hearing mechanics(1l) [J]. Chinese Journal
of Ophthalmology and Otolaryngology, 2010, 10(2):
72—"74. (in Chinese)

[3] Ewald J R. Physiologisch Untersuchingen iiber das

[10]

[11]

[12]

Endorgan des Nervus Octavus [M]. Bergmann, Julius
Richard Ewald, 1982: 324.

Dickman J D, Reder P A, Correia M J. A method for
controlled mechanical stimulation of single semicircular
canals [J]. Journal of Neuroscience Methods, 1988, 25:
111—119.

Dickman J, Correia M J. Responses of pigeon horizontal
semicircular canal afferent fibers. 1. Step, trapezoid, and
low-frequency sinusoid mechanical and rotational
stimulation [J]. Journal of Neurophysiology, 1989, 62:
1090—1101.

Rabbitt R, Boyle R, Highstein S. Mechanical indentation
of the vestibular labyrinth and its relationship to head
rotation in the toadfish, Opsanus tau [J]. Journal of
Neurophysiology, 1995, 73: 2237—2260.

A, Rabbitt R, Boyle R, Highstein S.

inner-ear fluid pressure and

Yamauchi
Relationship between
semicircular canal afferent nerve discharge [J]. Journal of
the Association for Research in Otolaryngology, 2002, 3:
26—44.

Rabbitt R D, Breneman K D, King C, Yamauchi A M,
Boyle R, Highstein S M. Dynamic displacement of
normal and detached semicircular canal cupula [J].
Journal of the Association for Research in
Otolaryngology, 2009, 10: 497—509.

XL, VR, X, NATE RGER AW 15
R FE[T]. MR TR #223),2010, 42(3): 415—
421.

Shen Shuang, Sun Xiuzhen, Liu Yingxi. The study on
human vestibular membranous labyrinth biomechanical
model [J]. Journal of Harbin Institute of Technology,
2010, 42(3): 415—421. (in Chinese)

McLaren J, Hillman D. Displacement of the semicircular
canal cupula during sinusoidal rotation [J]. Neuroscience,
1979, 4: 2001 —2008.

Ifediba M A, Rajguru S M, Hullar T E, Rabbitt R D. The
role of 3-canal biomechanics in angular motion
transduction by the human vestibular labyrinth [J].
Annals of Biomedical Engineering, 2007, 35: 1247 —
1263.

Calayir Y, Dumanoglu A. Static and dynamic analysis of
fluid and fluid-structure systems by the Lagrangian
method [J]. Computers & Structures, 1993, 49: 625—

632.



