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Tinnitus is the perception of phantom sounds in the ears or in the head. Accordingly sound therapy for
tinnitus has been proposed. To account for mechanisms of tinnitus generation and the clinical effect of sound
therapy from the viewpoint of neural engineering, this paper describes a neural network model with a plastic

coupling on the human auditory system. Through numerical simulations we observed an oscillator te
and a non-oscillatory state in the model; it was also noticed that the value of the plastic coupling ¢

€S

by external stimulus, and subsequently the oscillation is inhibited. By associating the oscillatory state with
the state of tinnitus generation, this could explain the fact that the habituated human auditory system
temporarily stops perceiving tinnitus after sound therapy.
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1. Introduction

Tinnitus is the perception of phantom sounds in the
ears or in the head. There are sound therapy techniques
where those who suffer from tinnitus hear these ther-
apeutic sounds for several hours a day . The sound
therapies have the clinical effect that the sufferers tem-
porarily stop perceiving tinnitus after the treatment.

The purpose of our study is to explain mechanisms of
tinnit@nera‘cion and the clinical effect of the sound
therap¥s from the viewpoint of neural engineering. Ap-
proximate models to account for a neural excitation phe-
nomenon have been proposed @, In particular, Na-
gashino and Kinouchi ® have reported that we can con-
trol an oscillation observed in the approximate model
with a plastic coupling using external stimuli.

In this paper we describe a plastic neural network
model which is associated with the human auditory sys-
tem. We also discuss generation of an oscillation and
its inhibition by external stimuli in the model, and sub-
sequently we show that their phenomena could explain
generation and inhibition of tinnitus.

2. Plastic neural network model

We illustrate a summary structure of the human audi-
tory system in Fig. 1(a). The arrows denote channels of
neural signals. Acousticszbrations received by the ear is
transformed into neuraTC%jals at the cochlea. The
ral signals reach the cerebral limbic system through some
neural tissues, and subsequently the brain perceives the
neural signals as sound. When cochlear dysfunction %}
curs, abnormal neural signa| m the cochlea causés
abnormality in the central neural system. Consequently,
tinnitus can be triggered. that the cochlear nucleus
has an efferent neural bundle to control the sensitivity
of the hair cells ®.

* The University of Tokushima
** Florida Atlantic University

BEFRC, 1278 XS, 2007 F

Cerebral
limbic system

Inferior
colliculus

Superior
Peripheral olivary complex

neural system +
Cochlea Cochlear
(Hair cells) nucleus Central neural system

(a)Channels of neural signals

Fig.1. The human auditory system and its
conceptual neural network model
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The current paper describes a conceptual neural net-
work model to account for tinnitus generation and its
inhibition from the viewpoint of neural engineering. Fig-
ure 1(b) shows the proposed neural network model of the
human auditory system. The hair cells are repr ted
by an aggregate of excitatory neurons “E;”. Thi an
incoming signal, S, which is associated with a sound sig-
nal. The central auditory pathway is simply represented
as a neural oscillator. It consists of an aggregate of exci-
tatory neurons and an aggregate of inhibitory neurons:
“Eso” and “I”. The neural coupling from the j-th aggre-
gate to the i-th aggregate is expressed by the posit%j
constant Cy;, (4,7 € {1,2,1}). However, from the fa
the efferent auditory pathway controls the sensitivity of
outer hair cells ', we assume that the coupling from Es
to Eq is plastic, i.e., Ci is one of v@es. Then the
dynamics of the model is described by

dry/dt = (—x1 + Clazg +8)/7p < oovvvvens (1)
dry/dt = (—x9 + Co121 — Cogzy)/To +oooeeee (2)
drp/dt = (—xp 4 Craze) /Ty ~ooorrevvennns (3)
dCha/dt = (—=Chra2 4+ Co + bz122)[Tey v rvveeee (4)

where z; is the output of the j-th aggregate, which is
given by
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2= (2/m)tan T (). ce e (5)

The z; and 7; are the membrane potential and the time
constant of the j-th aggregate, respectively. The Cp, b,
and 7. are also positive constants which denote the equi-
librium of C5 under z;z5 = 0, the efficiency of strength-
ening the synaptic coupling based on Hebb’s hypothe-
sis @ and the time constant of Cys, respectively.

3. Results of numerical simulation

We fixed the parameters in Eqs.(1)—(4) such that
T1:0.01, 7'2:0.01, T[:0.0Q, 7'020.57 021210, 021:10,
Cr2=20, Cyp=6.7, and b=20. We can easily find an equi-
librium point in the dynamical system: (z1, =2, 7,
C12)=(0, 0, 0, 6.7). Figure 2(a) shows the behavior of
a solution which starts at the initial point (z1, z2, 27,
C12)=(0.5, 0.5, 0.5, 7.0). This point is at the vicinity
of the equilibrium point. The behavior eventually con-
verges to the equilibrium point, i.e., the stable state ac-
cording to the Lyapunov stability theory. On the other
hand, we illustrate the behavior of another solution in
Fig. 2(b); its initial point is (z1, x2, zy, Ci2)=(—7.3,
—1.0, —8.0, 14.0), which is far away from the equilib-
rium point. As a result, the behavior converges to the
oscillatory state, and its fundamental frequency is about
11Hz. Through other simulations we observed tha
behavior converges to the oscillatory state wheneve
initial values are arranged at any point at the vicinity.
Therefore, the oscillatory state is stable, and the model
has the bistable state under the same parameters.

Let us demonstrate tinnitus generation and its inhi-
bition based on the bistable state. We hypothesize that
the oscillation and the equilibrium (non-oscillation) cor-
respond to generation and inhibition of tinnitus, respec-
tively. The result of a numerical simulation is shown in
Fig. 3. The initial state is the equilibrium, i.e., tinnitus
does not appear. The E; was provided with an external
stimulation of S = 1.5sin407t for a small duration of
2 <t < 25. At this point the value of z125 increases
substantially, and the value of Cj5 also increases from
6.7 to around 14. Concurrently the states of ;s change
into the oscillatory states. Then the oscillatory states
are sustained since they are stable. This phenomenon
could be associated with the perc@ of tinnitus by
abnormal sound generation from ea?s:

Let us add the sound, which is expressed by S =
2.0sin 107t, for treatment of tinnitus for a duration of
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(a) Non-oscillatory state (b) Oscillatory state

Fig.2. Non-oscillatory state and oscillatory
state observed under the same parameters

7 <t <10. As a result the waveform of z;2 decreases
to a reduced vibration as it is represented in Fig. 3. This
also results in the reduction of C5 value. Consequently,
the oscillatory states of x;s are inhibited. By hypothe-
sizing that the decrement of C5 corresponds to the ha-
bituation of the human auditory system for tinnitus, the
phenomenon could explain the fact that the habituated
human auditory system temporarily inhibits perception
of tinnitus (i.e., residual inhibition) after sound therapy.
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Fig.3. Generation of oscillation and its
inhibition by two kinds of external stimuli

4. Conclusions

We described a conceptual neural network model with
a plastic coupling for the human auditory system. The
model has an oscillatory state and an equilibrium state
under the same parameters. The value of the plastic
coupling alters as a result of an external stimulus. In
other words generation and inhibition of the oscillation
depends on the value of this plastic coupling. By hy-
pothesizing that the oscillation and the equilibrium cor-
respond to generation and inhibition of tinnitus, respec-
tively, these phenomena could explain the fact that the
habituated human auditory system temporarily halts
perception of tinnitus following sound therapy.
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