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Abstract : A finite element analysis is used in this study to model 6 kinds of electrode by a genetic program in order to evaluate the
mechanical effect on the 3D human cochlea model and the behavior of electrode. Human cochlea is modeled by the spiral-approximation
method and the shape of scala tympani is extracted from the mid section of the human cochlea. Contact pressure at the tip and the insertion
force are found to be highest when the wires stack horizontally. Axial rotation of electrode is minimal comparing with the stimulating current
spread. The results indicate that the electrode stiffness is important to minimize the trauma.
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Fig. 1. A diagram of electrode array inserted into the cochlea
to stimulate the auditory nerve [21].
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Fig. 2. Anatomy diagram of cochlea which shows scala tympani,
scala vestibuli, scala media and membrane structures [20].
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Fig. 3. (A) Section view of human cochlea [19] (B) 3D Human

cochlea model generated by helico—spiral approximation method.
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Fig. 4. (A) Comparison of width and height between modeled
cochlea and real cochlea. (B) Comparison of width and height
between modeled cochlea and real cochlea.

A3 AFol o FFassA 209

T 1 2o ug o|RE odg ¥9¢ B4EL Uy
Wi Aok g¥ol#e] RES o|FE M= of 20GPao]
31 basilar membrane fiber= 19GPa 2183 Dbasilar
membrane ground substrate= 200kPac]t}. o] &t E -2
Z1Aakel wls) o 100,0000) A= & & Jizoh a8
3 AA gge)FBMEs 7];<1uu Z o] base® apexE Z
2 g3 FolAW, FAL TAAAL G4Eo] A
I gHEA Aok [22]. webA °]“‘9+'r‘ Aol E3olf
HAe S Fgs &7 Hside AT g EY ¥
SR} ALY Fo] WHHE YET Lojo} o} A
A EolHE UiFEE WE o]FolA Jouz, A
el g wol W™ Zold FAUY FIHo| Yol
A g @ 7MY HEe FAE £ Aok o)d 24
Ade] BF W o]Foiytin sAsAt. gl B
o] Mo S ZToEule 03~069 & UEE
b, ol¥ Aol E 0302 sHgstgrt [13].

1 gHolyE o|RE REE

Table 1. Estimates for elastic modulus of cochlea component

°f BHYE

Compact bone 20GPa

Keratin 3GPa

Basilar membrane fiber 1.9GPa
Reissner's membrane 60MPa
Basilar membrane ground substrate 200kPa
Tectorial membrane 30kPa
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Table 2. Material Properties of Cochlear electrode

PU/Ir/PTFE [10] 8.27 x 10°

Silicone Elastomer [18] 4.5 x 10°
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Fig. 5. (A) Diagram of fitness function. (B) Wire distribution
under the fitness function of fig 5-(A).
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genetic program and elastic modulus about LY of each profile.



339 @@ BYolNel AF AF) AT WF FBLLHA 211

A/A g

e
,0,0/0’0 a=t =T
LTV S T . = S
e f‘i a—AA

PO - —n
/“/0 /eg/:’_/,/-—--ﬂ""

—-m— Profitel
—a— Profite2
/‘ —A— Prafile3
/" —O— Profiles
—o~ Praflie%

“—&— Profite6

10M

Young's Modulus about Y axis

# of Wire
a3 7. 78 =220 o8 gHE 2 M3e F& 200
Mol thet Bt E Bx =,
Fig. 7. Elastic modulus distribution of each electrode generated
by genetic program.

3. =79 43

3 84 NS s AMEE ZERIEES ANSYSo|th
HAZ& Solid95 elements(8-node)Z FAEHJL, 23o|w
£ Shell63 elementsE& o] &3tgth g@do|Be FAE
Imm= At G BT A Alelo] HIo] Aol
Uez gio)l#e Target element® A3y, AZTL
contact element® AR Yot B Dol Alolg] n}
Ze v¢ o bgsigen, 14AY WEE oF=
AAe FFe BASAG A3H GAo)B Aolol v
£ Z% vl (coulomb friction)& 7}FIIReH, & AF
© AF #HAA HELFHE v@AFY 0.01s AHEStAT
[14]. si¥elA AT HE e € AF Fd &
717l 93] nAg=HErs gyolde Fo] WHLFE F o
Ay FASA =B P4 2H0E RA3AT

2y 8L Edy H I¥o|TE Ay WA B EE
7 g0 BE FEAAS Rtk 0= FLPe] YA B
23 AF AT ¢F: EFREO] o) FE 49U ¢4
(cochlear angle)olt}. 19742 4] Zolrl AFY 44
hgke] we) WH3lE £ glermg AZe YXE Yehl )
918 AL EE golth 01 ZwoA uigtRgS o, A
23} Ly &o] o] zols, 02t FWEM Urhe
A2F 27 o3 ZAL uath 035 Ay Wik
ol 2RHE A4Y 2L oAtk Wl 6371 0molw
AL 3 FEa HsA 4bdol o]FofA= Aoy,
3¢ ASole 3 Hdd g 35wE J|goF Bge
2 Agel "4

Insertich ™

“ne.__ direction (63)

O 8. 2EE @ do|no HME EHEA.

Fig. 8. Coordinate systems of the modeled cochlea.

AA FedM AEHE A 21E 249 7] 93
e AFo] AYHY ARste AHd olfe AQ #e
& Bark Yo 3Y 9% AFSS S we BA9
CT HolHRE ATo] AYY Z&e ATHE Zge
BeZz3 gk CT dolHE Bdsted A4" Z2a3)
£ Rapidia 27|tk ol&g 2@M FeM ¥ &
o)po] A4YE HFolul Urx] REL GBS o|FE
Wl FH xS0t o]y IYLRRYH HFY A%
BREL 9979 7124 ¢ 10-11E HE 712A 3
¢ & F AN A AN 027 11zelw, 019
03z 0=2 7H48tA. olAe WIo] @WelRe $HA
7 BYPA sAAT FPADG FPA s A= 4
Yol olFolPg oimah

«— Insertion Direction

— .+ Basis of cochlear angle

& % s CT Adlezge SaH 3

M
o
N ©
o
0
i)
o
+

Fig. 9. 3D reconstructed view from CT image of a patient
after the operation of cochlear implant.
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Fig. 10. Sequential insertion plot of profile 1 electrode.
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Fig. 15. Axial rotation of the entire modeled electrode along
the length of electrode when fully inserted.
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