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PSYCHOPHYSICS OF A PERJ-MODIOLAR ELECTRODE ARRAY 

I_awrence T. Cohen, Elaine Saunders and Graeme M. Clark 

Co-operative Research Centre for Speech, Hearing and Cochlear Implant Research, Australia 

Psychophysical findings in three adult patients implanted with a CIn cochlear prosthesis 
(Cochlear Limited) fitted with a developmental peri-modiolar electrode array have been reported. 
This array was molded with a curvature approximating that of the inner wall of scala tympani but, 
after straightening and insertion into the cochlea, it adopted a position on average approximately 
half way between the inner and outer walls. However, the considerable variations in electrode 
trajectories across subjects allowed an analysis which could separate the effects due to 
longitudinal distance into the cochlea and lateral distance from the modiolus. Radiographic 
analysis enabled the positions of the individual electrodes to be measured, both longitudinally and 
laterally. This paper presents additional results and an in-depth analysis of the data, supported by 
psychophysical findings in subjects with straight arrays. It also introduces a model which 
describes the effect of distance from the modiolus on the loudness growth function. 

All subjects were tested with bipolar stimulation. In addition, two were tested with 
monopolar stimulation, employing the most basal electrode as the return. Both maximum 
comfortable level and threshold reduced with decreasing distance of stimulated electrode from the 
modiolus, and the dynamic range increased. Pitch varied regularly with insertion depth of the 
stimulated electrode, for bipolar stimulation and also for monopolar, where the return electrode 
was clearly extracochlear. Electrode discrimination was enhanced by closeness of the stimulated 
electrode to the modiolus. With bipolar stimulation, forward masking suggested narrower, more 
intense neural excitation patterns for electrodes that were closer to the modiolus. Whereas the 
masking patterns for bipolar stimulation of electrodes close to the modiolus were multi-peaked, 
due to separate regions of neural excitation corresponding to the two electrodes constituting the 
bipolar pair, those for mono polar stimulation showed a single peak. Nevertheless, the overall 
breadth of monopolar and bipolar masking patterns was similar. Further comparative results will 
be presented for bipolar and monopolar stimulation in subjects with straight arrays. 

A relationship was demonstrated between the ability of a subject to discriminate between 
stimulating currents and the growth of loudness with current. Current discrimination tended to be 
enhanced by proximity of the stimulated electrode to the modiolus, and was very much related to 
the auditory history of the subject. The function relating loudness to the logarithm of current was 
increasingly non-linear as distance between stimulated electrode and modiolus decreased. We 
have developed a model that may explain this effect in terms of the relative contributions of local 
and distant fiber recruitment. 
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