Computer Modeling of the Inner Ear

From: The Physics Classroom
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Excitation of hair cells

outer hair cells —amplify vibrations of
the basilar membrane

inner hair cells — excite the auditory nerve

The Organ of Corti Brownell et al. Annu. Rev. 2001, 3, 169.



Sound amplification by outer hair cells

Stereocilia
'lmm | é% ‘sulfate’ molif[] Jn] Q n (-1
\ Electromotile A .S AS O D D O D
= / Response 1

- JA LU ALL
”Iamm 86 U L J U 496
V'I’_': “::-// 1 NH, (*+) cluster

C(ﬁsrer — STAS domain

e SO

Del709 -no NLC I 744 COOH

prestin as calcium-triggered

)k./ \,j molecular motor: electromotility

Nucleus

The Outer Hair Cell
Ashmore Physiol. Rev. 2008, 88, 173.

1]




3D model of hair cells excitation
mimics the geometry of the cochlea
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Equivalent circuit models

Mathematical formulation
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Results: 250 Hz tone
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What to do next?

1. Improve connection between inner hair cells and nerve axons: from “Bulgarian”
proportionality constant to a more physical model of the neurotransmitter release.

2. Complete building a 3D model “from acoustic excitation to nerve firing” of a normal ear.

3. Build in the model the possibility of direct electric excitation of the nerves by a
cochlear implant.

4. Combine acoustic and electric excitation (relevant for a new generation of
“gentler” cochlear implants — Medel company) and study possible interferences
between these two types of excitation.

Interested???

Contact me at:
pavel.jungwirth@uochb.cas.cz




Acknowledgement

Alexei Chevko
Ondrej Tichacek
Pavel Mistrik

(Medel Innsbruck)

Robert Eisenberg
Jay Bardham
(Rush University, Chicago)

—_—E—g——
E—,,
I
—_————————

Program Kontakt

MINISTERSTVO SKOLSTVI,
MLADEZE A TELOVYCHOVY







