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Cochlear implant is a medical device to resolve the hearing problem due to the damaged hair cells in the cochlea. 
The electrode array, which is one of the important parts of the cochlear implant, is basically a metal-polymer 
composite. In this study, modeling and experimentation were carried out to characterize the mechanical 
properties and bio-tribological characteristics of samples of different thicknesses and shapes for single electrode 
and multi-electrodes for standard insertion technique (SIT) in detail. 
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1. Introduction 

The mechanical properties of the electrode array are 
important for understanding insertion trauma during 
array insertion into the cochlea. Several studies have 
been reported to characterize the mechanical properties 
of the cochlear electrode array [1-2].  
Friction also affects the insertion trauma. Because the 
electrode array contacts its basilar membrane or lateral 
wall during insertion into the cochlea. In this study, the 
structure of the electrode array was examined in detail 
from the mechanical and bio-tribological aspects. 

2. Methods 

Conventional electrode array of cochlear implant (CI) 
composes of thin metal wires embedded inside a soft 
elastomer as a carrier. Therefore, the CI electrode array is 
a metal-polymer composite.  
 

A numerical elasticity model is created for the metal-
polymer composite matrix. Using the Finite Element 
Method, different thicknesses and shapes of electrode 
array are modeled using large deformation theory (Table 
1, Fig.1a-b). An optimization problem is defined to 
achieve robust, flexible and spirally bendable electrode 
array enough to reach the inner part of the cochlea 
without any damage. The model is developed primarily 
for the cylinder geometry of constant diameter and 
length. Then, a conical (half) cylinder geometry with 
decreasing diameter towards the end is studied (Figure 
6b) and different boundary conditions, stress, strain and 
time relationships is revealed. Then, the viscous effect is 
also added to model which leads the investigation of the 
dynamic effects during the CI insertion.  
 

Table 1: Thicknesses and shapes of electrode array  
 

Platinum wire 25/50 µm 

Cylindrical Elastomer 
(PDMS) 

0.1-0.8 mm 

Conical Elastomer 
(PDMS) 

0.1*0.4, 0.2*0.5, 
0.3*0.6, 0.4*0.6, 

0.4*0.8 mm 

 

After modelling, the electrode arrays are fabricated 
(Fig.1c) by a soft molding technique and the bio-
tribological characteristics of the electrode arrays are 
investigated using a custom-build experimental setup 
(Fig.1d).  

 

 
Figure 1: Deformation profile of a) cylindrical and b) 

conical electrode arrays, c) 1x1 scale cochlear electrode 

array, d) sketch of bio-tribological experimental setup  

3. Results and Discussion 

The effect of electrode array structure on insertion trauma 
was examined in detail. With the increase in the number 
and diameter of the platinum wire, the stiffness of 
electrode array increased. However, the cylindrical 
structure showed more stiffness than the conical 
structure. In addition, it was observed that the conical 
electrode arrays showed less friction force than the 
cylindrical structure. So the conical structure shows less 
insertion trauma than the cylindrical structure, which is 
in line with the expected result.  
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