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17 7IFFHOBLOENZ T &bz,

Bio, BEHOAMMETL, BEFEAEFEICE
v, Wb 5 stiffness curve ¥ 29 5 —EFI T
i, FREEBBRENEL, BERPHE~NE DAL
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| 6 FX¥BHI (a) & loose wire syndrome (b)
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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, 1.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 mselted 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, hecause 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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Bilateral Cochlear Implantation for Children in
Nagasaki, Japan

Yukihiko Kanda, MD'# - Hidetaka Kumagami, MD? - Minoru Hara, MD? - Yuzuru Sainoo, MD? - Chisei Sato, MD?
Tomomi Yamamoto-Fukuda, MD? - Haruo Yoshida, MD? - Akiko lto' - Chiharu Tanaka' - Kyoko Baba' - Ayaka Nakata’
Hideo Tanaka' + Haruo Takahashi, MD?

!Kanda ENT Clinic, Nagasaki Bell Hearing Center, Nagasaki; *Department of Otolaryngology Head and Neck Surgery, Nugasaki University

Graduate School of Biomedical Sciences, Nagasaki, Japan

: Objectives. The number of patients with bilateral cochlear implant (CI) has gradually increased as patients and/or parenté
~ recognize its. effectiveness. The purpose of this report is to evaluate the efficacy of 29 bilateral CI out of 169 pedlatnc
CI users, who received audltory-verballoral habilitation at our hearing center.

‘,Methods We evaluated the audiological abilities 29 Japanese children with bilateral Cls mcludmg wearing threshold, word
~ recognition score, speech dlscmmnatlon score at 1 m from front speake1 (SP), 1 m from second CI side SP, speech dis-
__crimination score under the noise (S/N ratio=80 dB sound pressure level [SPL]/70 dB SPL, 10 dB) at 1 m from front

SP, word recognmon score under the noise (S/N ratio=80 dB SPL/70 dB SPL 10 dB) at 1 m from front SP

Results Bmaural hearmg usmg bilateral CI'is better than first CI in all speech undexstandmg tests. Espec1aﬂy, there were sig-
S *nificant differences between the results of first CI and bilateral CI on SDS at 70 dB SPL (P=0.02), SDS at 1 m from

second Cl side SP at 60 dB SPL (P=0.02), word recognition score (WRS) at 1 m from second CI side SP at 60 dB SPL

' ,(P 0.02), speech discrimination score (SDS) at 1 m from front SP under the noise (S/N=80/70; P=0.01) and WRS at

1 m from front SP under the noise (S/N=80/70; P=0.002). At every age, a second Cl is very effective. However, the

results of under 9 years old were better than of over 9 years old on the mean SDS under the noise (S/N=80/70) on

second CI (P=0.04). About use of a hearing aid (HA) in their opposite side of first CI, on the WRS and SDS under the

noise, there were. 51gn1f1cant differences between the group of over 3 years and the group of under 10 months of HA

'~ non user before second CL.

Conclusxon These results may show 1mportant bmaural effectxveness such as blmural summation and head shadow effect.
: Bﬂatexal CI is Very useful medlcai mterventlon for many chﬂdren with severe—to~prof01md hearmg loss in Japan as well

KeyWords Cochlear unplant Chlldren, leateml Bmauml Binaural summation, Ilead shadow effect, ]apan

INTRODUCTION

The clinical effects of both unilateral and bilateral cochlear im-
plantation (CI) in children is well established internationally (1-
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15), but there are only a few reported cases of bilateral CI in Ja-
pan. The number of patients with bilateral CI has gradually in~
creased as patients and/or parents recognize its effectiveness.
The following are some of the bilateral CI cases in children that
we have experienced. This is a review of bilateral CI in 169 pe-
diatric CI users, who received auditory-verbal/oral habilitation
at our clinic.

This study’s aim is to obtain answers to the following ques-
tions. 1) Until what age the second Cl is effective for better lan-
guage perception in various situations? 2) Does the use of a
hearing aid (HA) on the opposite side of first CI affect the re-
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This is an open-access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http:/creativecommons.org/licenses/by-nc/3.0)
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sults after second CI? 3) Is there any critical time span between
the first and second CI for their progress in language perception?
4)What is the advantage of bilateral CI over unilateral CI?

MATERIALS AND METHODS

Subjects
Since we started CI surgery in 1997, out of 169 children under
going CI rehabilitation in our clinic, 29 children (17%) had bi-
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10 11 12 13 14 15
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lateral CI for at least half a year before May 2011. The age of
the children at the first CI operation ranged from 1 year 4 months
to 15 years 5 months, whereas the age of children at the second
CI operation ranged from 2 year 1 month to 15 years 10 months
(Fig. 1). The most common age for the first CI was 1 or 2 years.
The interval between first and second CI fitting ranged from 5
months to 10 years 1 month. This can be considered a relatively
wide range, but the most frequent interval between the two Cls
was under 1 year (Fig. 2). The period on non-use of their HA
before the second Cl is also valuable: it ranges from 0 month to

B FirstCl (age)

% Second Cl (age)

16 17 18 19 20 21 22 23 24 25 26 27 28 29

Year

Fig. 1. Age at operation of first cochlear implantation (Cl) and second Cl (year).
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Fig. 2. Interval between first and second cochlear implantation (month).
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108 months (9 years). Twelve cases did not remove their HA be-
fore the second CI (Fig. 3). Causes for deafness were described
in Fig. 4. The devices used are described in Fig. 5.

We examined 19 children who acquired language with either
CI or HA using various audiological tests. Children with severe
anomaly or late development were not included. The children
were divided into 2 groups to evaluate the amount of habilita-
tion time after the second CI. The first group (group A) consisted
of 11 children who had their second CI for at least a year. The
second group (group B) included 8 children who had their sec-
ond CI between 6 and 12 months.

Methods

We evaluated audiological abilities including 1) wearing thresh-
old (WTH); 2) word recognition score (WRS, TY-89; Japanese-3
syllabic word-CD, at 60 dB sound pressure level [SPL], at 70 dB
SPL); 3) speech discrimination score (SDS, 67-S; Japanese-mono-
syllabic word-CD, at 60 dB SPL, at 70 dB SPL) at 1 m from
front speaker (SP), 1 m from second CI side SP; 4) SDS under
noise (67-S; Japanese-monosyllabic word-CD, S/N ratio=80 dB
SPL/70 dB SPL, 10 dB) at 1 m from front SP; 5) WRS under
noise (TY-89; Japanese-3 syllabic word-CD, S/N ratio=80 dB
SPL/70 dB SPL, 10 dB) at 1 m from front SP (noise: speech
noise), We conducted all tests in a shielded room. Statistical
analysis was done using the Student’s #-test and paired #-test.

120
I
108
100 -
80
Month

40

2

1 L ! 135

RESULTS

The mean WTH using first CI, second CI, and bilateral CI shows
that all WTH is nearly the same ranging from 25 dB hearing lev-
el (HL) to 35 dB HL (Fig. 6). There were no significant differenc-
es between them. The mean WTH of their HA before he second
CI was from 55 dB HL (for lower frequencies) to 65 dB HL (for
higher frequencies). However, after operation the mean WTH
using second CI ranges from almost 30 dB HL to 35 dB HL.
There were significant difference (P=0.03*) between HA and

& (JB2 gene mutation

@ MYO7A

« Waardenburg

+ Cytomegalo virus

& Narrow internal auditory canal

# Large vestibular agueduct syndrome

Fig. 4. Causes for deafness.
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Fig. 3. Number of months child discontinued hearing aid use before second cochlear implantation.
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Fig. 5. Device of first cochlear implantation (Cl) (A) and second Cl (B).
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Fig. 6. The mean wearing threshold using first cochlear implantation
(Cl), second Cl, and bilateral Cl,

second CI (Fig. 7).

The mean WRS at 1 m from the front SP at 70 dB SPL is
shown in Fig. 8. The mean score for the second CI in group A
was similar to the mean score for the first CL. The mean score on
the WRS for all cases shows that there were no significant differ
ences between the results of the first CI and the bilateral CI at
70 dB SPL (P= 0.13).

The mean WRS at 1 m from the front SP at 60 dB SPL is de-
scribed in Fig. 9. The mean score for the second CI in group A
was similar to the mean score for the first CL For all cases, there
were no significant differences between the results of the first CI
and bilateral CI at 60 dB SPL (P=0.05).

The mean SDS at 1 m from the front SP at 70 dB SPL is de-
scribed in Fig. 10. The mean score for the second CI in group A
was similar to the mean score for the first CL The SDS results
show that there were significant differences between the results

Fig. 7. The mean wearing threshold of their hearing aid (HA) before
second cochlear implantation (Cl) and second Cl.

of the first CI and the bilateral CI at 70 dB SPL (P=0.02*).

The mean SDS at 1 m from the front SP at 60 dB SPL is de-
scribed in Fig. 11. There were no significant differences between
the results of the first CI and the bilateral CI at 60 dB SPL
(P=0.24).

The mean SDS at 1 m from the second CI side SP at 70 dB
SPL is described in Fig. 12. The mean score for the second CI in
group A was similar to the mean score for the first CL There
were no significant differences between the results of the first CI
and the bilateral CI at 1 m from the second CI side SP on all
cases at 70 dB SPL (P=0.25).

The mean SDS at 1 m from the second CI side SP at 60 dB SPL
is described in Fig. 13.The mean score for second ClI in group A
was superior to the mean score for first CL. There were significant
differences between the results of first CI and bilateral Cl at 1 m
from second CI side SP on all cases at 60 dB SPL (P=0.02*).



