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Simul‘atidn 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 otlier hand there is a very real risk that pa-
tients implanted with the cochlear implant may lose a substantial proportion of their residual acoustic
hearmg 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 dynarmcs of the basilar membrane (BM).

In this study, to clarify the influence of the electrode mserted 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 characterigtic 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 apploach offers a greater advantage for
hearing preservation, bécause the RWM may become very stiff following electrode insertion via the RW
approach.

Keywords : simulation, vibration, finite-element method, electrode, basilar membrane, electric acoustic .
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Electrical Stimulation Test for Acquired Retrocochlear Diseases

in Cochlear Implant Candidates

Tetsuya'Tono, Yuki Nagano and Takumi Okuda

(University of Miyazalki)

One of the problems in considering the indication for cochlear implantation (CI) is the lack of a reli-
" able retrocochledr function test when cochlear loss is combined with retrocochlear diseases. We have
used a 13rom6ntory and/or an extratympanic electrical stimulation test (EST) as an exclusion criterion for
such candidates with a complete absence of auditory perception at any stimulation levels. The side for CI
. surgery could be thus decided in case where a nonresponsive ear was found on one side. Bilateral abnor-
mal EST responses, such as “adaptation”, were found in adult auditory neuropathy patients whose per-
formances with CI wére suboptimal. Bilateral absence of the EST response was found in a patient with - -
superficial siderosis. On the other. hand, we have experienced a patient with hypertrophic pachymeningi-
tis, who showed distinct responses both to preoperativeEST and to electric stimuli during mapping but
no speech perception at all with the activated implant. It is concluded that a positive EST may be a nec-
essary condition for open-set speech recognition but still he lnsufﬁczent to indicate that a given patlent

will have an optimal performance with CL

' Keywords : retrocochlear diseases, cochlear implantation, electrical stimulation test
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Functional Reorganization of Cortical Languagé Networks in
Individuals with Profound Deafness

Yasushi Naito
(Kobe City Medical Center General Hospital)

First, we compared cortical activation by speech in postlingually deafened cochlear implant (CI) users
with that in normal hearing subjects using positron emission tomography (PET). Increased activation was
observed in CI users not only in.the temporal cortices but also in Broca’s area and its right hemisphere
homologue, supplementary motor area (SMA) and anterior cingulate gyrus. These regions are thought to
be establishing working memory for language decoding and encoding, enabling the brain to maintain an
internal copy of the original auditory message, which might be activated more in CI users than in normal
subjects. Next, we used 18F-fluorodeoxyglucose (FDG)-PET to measure the cortical glucose metabolism
in. profoundly deaf children with visual language stimuli and observed significantly higher cortical
metabolism in the pre-central gyrus, middle temporal gyrus in the right hemisphere, and superior
temporal gyrus and superior parietal lobule. Individual analysis revealed a strong cortical activation in a
child who was the worst user of spoken language, while there was no significant increase in the overall
cortical metabolism in the child who was the best user of spoken language. Our recent study also revealed
a correlation between the functional reorganization pattern of language networks and the genetic cause
of deafness in profoundly deaf individuals. Our results confirmed that the temporal auditory cortices of
deaf children develop to process visual aspects of language if they do not receive sufficient auditory
signals and depends on visual cues. FDG-PET with a visual language task provided objective information
on the development and plasticity of cortical language networks. Functional brain imaging may be of help
for both the parents of hearing-impaired children and the professionals involved in their habilitation and
education decide upon the appropriate mode of communication for each child.
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