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Abstract: Cochlear implants can be successfully used to reduce the inner ear profound deafness.
The implant is inserted into the inner ear by the surgeon’s hand. Because the cochlea has a spiral-like
structure (cochlear duct), the insertion of the implant is often difficult, furthermore the basilar
membrane could be easily damaged. One of the aims of our investigation is to develop a mathematical
model based an synthesis method for implants with hydraulic actuation. This hydraulic actuation,
which is integrated in the implant, facilitates the insertion of the implant structure to the shape of
cochlear duct. Thus, the implant can follow the spiral-shaped cochlear duct without damaging the
sensitive tissue of the basilar membrane. Some examples for hydraulic actuated cochlear implants
based on compliant mechanisms technology are presented in this paper.
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1. Introduction

Cochlear-implants are implanted for patients with
profound deafness. The people, who have
implantation directly after hearing loss, are still able
to communicate. Early treated children develop their
language competence and speaking reproduction in
such way that a great number of them are able to go
to normal school. Since the first beginning of
implantation 45 years ago, cochlear-implants have
been developed further intensively. All of the
nowadays applied implants, which are implanted in
the scala tympani (Fig. 1), consist of an electrode
arrey, a receiver and a stimulator unit for signal, an
electrical transmission and a receiving antenna. In
the Fig. 3a is a schematic representation of an
implant from MED-EL (MED-EL, Innsbruck,
Austria). 12 platinum electrode pairs are embedded
in one soft silicone-carrier. The cochlear hair cells
and auditory nerve fibres are located on the inner
side of scala tympani, from above the scala tympani
is terminated with a thin sensitive basilar membrane
of the remaining part of cochlear duct (Fig. 1). By
insertion of the implant into the cochlea the tissue
can be damaged, which can cause destruction of
reminder hearing. The preformed implants can also
cause undesirable injuries [1]. An implant, which
can deform itself during the operation and are able
to suit bit by bit to the shape of cochlear duct, can
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simplify the insertion procedure and can so prevent
the insertion trauma of cochlea. This deformation
can be achieved via a design modification of a
compliant mechanism [4], [5].

Fig. 1. a- Cochlear duct; b - Cochlea

There are two ways to realize the required
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deformation:

1. concentrically hollow in the silicone carrier
with geometric asymmetry. The geometric
asymmetry can be realized by embedding of
materials with different mechanical properties
in the silicone carrier or by a special
arrangement of the electrode wires in silicone
carrier

2. non-concentrically arrangement of the hollow
in the silicone carrier [6].

Further the form of the implant with an embedded

fibre which corresponds to the form of the cochlea
by pressure in the hollow is searched.

2. Representation of the cochlea centre line as a
space curve

The form of the centre line of the cochlea duct is
shown in the Fig. 2 in the cylindrical coordinate
system with coordinates r and z which are functions
of the angle ¢ [2]:
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Fig. 2.: Form of the centre line of the cochlear
duct

The length of the curve element of the cochlea
centre line is
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Associated boundary condition is s(0) =0. Thisis a

non-linear equation in terms of s(¢). It can be solved
only numerically. For further calculations o(s) is
also necessary. Now the curvature k, and the

torsion 1k, of the cochlea centre line can be

expressed by derivatives of Cartesian coordinates
with respect to ¢:
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By using of the numerically calculated term o(s)
the curvature and torsion of the centre line can be
expressed dependent on s. The parameters «;,(S)

and «,(s) are well suitable to describe the form of
the cochlea duct.

3. Modelling of the implant

An insertion implant from MED EL Innsbruck is
shown in Fig. 3a. In Fig. 3b-c the structure is
shown, which is modelled. The radius of the implant
changes from r,=0.65 mm to r.=0.25 mm. The
function r(s) can be expressed by second-order
polynomial:
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Geometrical moments of inertia are expressed by
equations (9).
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The matrix A with E and G as Young’s modulus
and shear modulus is expressed as follows:

Gl, 0 O
A=l0 El, 0], (10)
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Fig. 3. a — Schematic representation of an implant
from MED EL Innsbruck; b —Geometric parameters
of the implant model; ¢ — Cross-section views of the
implant model

In the implant model there is a hollow with
constant radius r;. In order to occur the bending of
the implant, an unstretchable thin fibre of length I is
embedded in the wall with h distance from the
symmetry axes of implant (Fig. 4). With inner
pressure of fluid p in the hollow the implant
structure will bend towards the embedded fibre.

The following model is set up, in order to find the
form of the fibre for non-deformed shape of
implant. The form of cochlea duct shall be
reproduced by implant which is under pressure. The
model is based on the theory of curved beams with
hollows [3]. Linear material law is for this limited
deformation supposed but large displacements are
possible. The fibre corresponds to neutral fibre of
the implant.
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Fig. 4. Beam with embedded material and with
round cross section

We introduce two orthogonal coordinate systems:
fixed Cartesian coordinate system x; and moving

one with unit vectors €; (Fig. 4), attached to the

neutral line. The distance between the neutral line
(embedded material) and the centre of mass is h,
which is small in comparison to the length and the
radius of curvature of the implant. Therefore the
parameter s in equation (4) corresponds
approximately to the length of an arch of the neutral
line. It is measured from the fixed end to the free
end. The following notations are used:

Q=Q,§ +Q,8, +Q.8, as the vector of internal
forces, with axial force Q, and transverse forces
Q,, Q;; M=Mg§E +M,8, +M,E - vector of
internal moments, where M, - torsion moment,
M,, M, - bending moments; P, = prr® is force on
the inner cross-section of a beam (implant).

The parameter « is determined by the following
relation:

% %x,. (1)
ds

The initial form of the neutral fibre is given by
Kigs Ky and kgy. The form of beam under

pressure is described by following vector-equations:

(12)
The force equilibrium conditions for cochlea
implant have following form:

dQ
d_sl +QsK; - Qx5 =0,

Q,,

ds (Qy-Py)x3-Qg, =0, (13)
%"‘Qzlﬁ -(Q,-Py)x, =0.
The corresponding boundary conditions are:
Q. ()=Py, Q,(1)=0, Qs(I)=0. (14)

The moments can be expressed by «,, k, and

Ky
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The corresponding boundary conditions have the
form:

P,h
El; (1)

Ko (1) = x5 (1)

Ky (1) =12 (1),
K0 (1) =1 (1).

The solution of these equations of a static problem
is the unload shape of the implant for cochlea
implant «;0(S), % (S) and kg (s). This shape of
implant is deformed under given pressure to the
end-form corresponding with the form of cochlea
duct.

The Fig. 5 shows the form of fibre in the Cartesian
coordinate system. The transformation formulas for

Kio(S), Kyp(S) and kg (s) into Cartesian

coordinates are not presented here because of
complexity of the expressions.

(16)
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Fig. 5. Form of fibre in the Cartesian coordinate
system

The calculations of the deformation of a three-
dimensional structure were carried out with the
parameters 1=31.5 mm, h=0.25 mm, E=12.6 kN/m?
and the inner pressure 3 KN/m?.

2. Summary

In this paper it is shown that it is possible to
realize an active bending of an implant. The theory
of curved beams allows the description of
deformation of the implant. It was shown, that the
form of the implant which corresponds to the
cochlea duct under defined pressure can be found.

As an alternative possibility thermo-gels are
examined. By insertion the implant into the cochlear
duct, temperature of gel increases to the value of the
body temperature. Thereby the gel volume enlarges.
The inner pressure in the hollow of the implant
increases. As a result the implant is deformed and
facilitates on this way the surgery.
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