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Hearing threshold and the retrocochlear
auditory pathway in adult long-term coch-
lear implant users

Naoce Mori®®, Juichi Ito”, Harukazu Hiraumi®,
Shinobu Yamaguchi®®, Naomi Shibata”, Norio
Noriko
Iwai®, Ken Kojima?, Masahiro Matsumoto?,
Hideaki Ogita®

Yamamoto”, Tatsunori Sakamoto”

YDepartment of Otolaryngology, Head and
Neck Surgery, Graduate School of Medicine,
Kyoto University

Department of Otolaryngology, Kyoto Teishin
Hospital

Department of rehabilitation, Osaka Health

Science University

We investigated the relation between the hear-
ing threshold and the age at cochlear implantation,
duration of deafness, and cause of deafness in 45
adult long—erm cochlear implant users. We com-
pared the T level and C level, dynamic range, and
speech perception between the group with a good
hearing threshold (the good group) and the group
with a poor hearing threshold (the poor group).
The results were as follows.

1. A tendency towards a good hearing thresh-
old was observed in cases with a duration of deaf-
ness of one year or less.

2. Significant differences in the C level and
consonant perception scores were observed Dbe-
tween lhe good group and the poor group.

3. The results suggested a high hearing
threshold and low consonant perception scores in
the poor group, because it was difficult 1o raise the
C level and T level, and 1o widen the dynamic
range.

4., The findings suggested the possibilily that
the degeneration of the auditory nerve fibers on the
retrocochlear auditory pathway caused a high hear-

ing threshold in the poor group.
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5. The findings also suggested the possibility
that a disturbed retrocochlear auditory pathway af-
fected the hearing threshold and the consonant per-

ception scores.
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Simulation of the Inner Ear Vibration Using Finite-Element Method: Effect of
Insertion of the Cochlear Implant Electrode on Basilar Membrane Vibration

Takuji Koike, Tasuku Sakashita and Shintaro Hanawa

(The University of Electro-Communications)

Kozo Kumakawa

(Toranomon Hospital)

As a new application of neural prostheses for deafness, electrical stimulation from a cochlear implant
is used to complement residual low-frequency hearing. When hearing is preserved, the combination of
acoustic hearing in low frequencies and electrical stimulation of high frequencies can lead to very high lev-
els of speech understanding, especially in a noise environment. The combination of electric and acoustic
hearing is termed electric acoustic stimulation (EAS). On the other hand there is a very real risk that pa-
tients implanted with the cochlear implant may lose a substantial proportion of their residual acoustic
hearing at low frequencies. Preservation of the residual hearing is assumed to be influenced by two fac-
tors, i.e., the intracochlear trauma caused by insertion of an electrode of a cochlear implant and the change
in the dynamics of the basilar membrane (BM).

In this study, to clarify the influence of the electrode inserted into the cochlea on the dynamic be-
havior of the BM, a three-dimensional finite-element model of the human cochlea was created. The trav-
eling wave of the BM caused by the vibration of the stapes was analyzed considering a fluid-structure in-
teraction with the cochlear fluid. Next, the influence of the electrode on the vibration of the BM was
examined by inserting the electrode model into the scala tympani of the cochlear model. In order to in-
vestigate the effect of the insertion method, the length and position of the electrode and the stiffness of
the round window membrane (RWM) were changed.

When the electrode was inserted into the cochlea, the amplitude of the BM was suppressed by 10
dB or less at low frequencies compared to the intact cochlea. However, if ossification of the RW was in-
duced (e.g., by using the RW approach), the vibration of the BM was suppressed by 20-40 dB. The degree
of the suppression depended on the length and position of the electrode. The characteristic frequency
(CF) of the BM in the apex area shifted to the low frequency side if the electrode was located adjacent
to the BM.

Our computer model analysis showed the cochleostomy approach offers a greater advantage for
hearing preservation, because the RWM may become very stiff following electrode insertion via the RW

approach.
Keywords : simulation, vibration, finite-element method, electrode, basilar membrane, electric acoustic
stimulation
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AMETIE, 77 IF (stapes) & EHIETIROWEE D
LR SEEE—REERTETAVER W (B, Mk
LLT, 77 E, iiRE% (stapedial annular ligament),
BIEEZ (oval window) &, ZE[EAR (basilar membrane : BM),
B 5% LR (osseous spiral lamina : OSL), #3228 (round
window : RW) %, FfAMHL LT, i (vestibule),

SV+SM// e

BM

cochlea aqueduct

RIER (SV) LEER (ST) BHEROELLTETMELE., T4 ARVEIERL, PR (SM) LHERORBIZLTY
20, RAERRIZERS STHHT T TR T 2 b 0 & L. i4EE RW) BLEEER BM) 12485y = VERIZ
TV AEIL e, oMM A6 MAEREA WL, &M SHEEREIZZNEN 4L 9128 XA 28,393 & L .

243



26 N B, 3%

g1 BPEFABR

FREBK

R2 EFNAOYHEE

fE132

%L‘I: %E*ﬁls)
RBaW 28. 6mm R 26. 1mm
AR (D ] = 100 pm
T4 118, 2 mm® THHR 500 um
HHEER 48. 8 mm® =R IR 30 um
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EED 1. 034 X 10° kg/m®

R 2.8 X 103 N s/m?
g@m 20)

SO 6.33 X 10°Pa

RYYvH 0. 49

R 1. 2 X 10° kg/m?®
e} A R

S 3.34 X 107 Pa

BTV UK 0. 49

TR 1.2 X 103 kg/m®
A ERIE

YU UE 3.34 X 106 Pa

Ry vt 0. 49

B 1.2 X 10°kg/m®
= T

Yo7 2.0 X 10" Pa

RYY v H 0.3

bo)iin 1.2 X 10 kg/m?®
7T IEW

YT 1.2 X 10 Pa

K7V W 0.3

R 2.75 X 108 kg/m®
77 3 BRI

Y IR 4.9 X 105Pa

RTY ] 0.3

R 2.5 X 10° kg/m?
B

Yo TR 5.0 X 105 Pa
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Rayleigh /T A —&

a 10020 1/s

B 6.43 X 107 s
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