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Volume Conductor Geometry
o 2 concentric cylinders with di�erent conductivities (~90:1 ratio of resistivities):
 Region 1 = scala tympani (perilymph), inner radius = 1 mm
 Region 2 = spiral lamina + auditory neurons (bone and membrane)
o Coiled geometry and other compartments of the cochlea are not modeled

Electrode Stimulation
o Sixteen electrodes are positioned longitudinally in Region 1 with 1 mm spacing
o Radial position of electrode is varied from r = -0.6 (electrode-to-neuron distance = 1.9 mm) to r = 

+0.8 (distance = 0.5 mm)

Auditory Nerve Activation
o 20,000 neurons (200 segments of 100 neurons each) distributed along 33 mm cochlea
o Electrical potentials are calculated analytically at every segment based on Bessel function 

solutions to Laplace's equation 4
o "Activating function", A, is calculated as the second spatial derivative tangent to the cylindrical 

surface (parallel to neural processes) 3
o Proportion of neurons in a segment �ring is determined by a "spreading function" applied to A 2
o Dead regions are modeled by deleting some or all 100 neurons in speci�ed segments
o Perceptual threshold is de�ned as 100 active neurons

INTRODUCTION
The restricted electrical �eld a�orded by the tripolar (TP) electrode 
con�guration should provide better resolution of tonotopic cochlear implant 
(CI) information than the more commonly used monopolar (MP). We 
previously developed a practical model of cochlear implant stimulation to 
incorporate discrete spiral ganglion “dead regions” and variable 
electrode-to-neuron distance.  These elements captured the high thresholds 
and channel-to-channel variability of the TP con�guration.  In this study we 
validate the model by using subject data to �x certain biophysical parameters 
and by comparing model threshold curves to psychophysical threshold data.

MODEL DESCRIPTION
The model consists of three parts: 1) Calculation of electrical potentials 
produced by a set of three electrodes in the scala tympani.  2) Activation of 
the auditory nerve.  3) Simulation of threshold perception.

 The number of neurons activated at threshold at each cochlear place is 
displayed for MP and TP con�gurations at 1.3 mm electrode-to-neuron 
distance.  The voltage is overlaid as a line.  As expected, the MP con�guration 
(left column) causes broader activation than the TP con�guration (right 
column).
 The bottom row shows the response after introducting a 1 mm wide SG 
dead region centered at the 22 mm cochlear place, which is also the center of 
stimulation.  Maintaining a threshold response in the presence of this discrete 
dead region requires a 7 dB increase in the TP current compared to an 
increase of 1 dB for the MP con�guration.  This example demonstrates that 
the TP mode is more sensitive to discrete SG dead regions.

FUTURE WORK
1. Develop an optimization algorithm to �nd distance 

and dead regions that best �t MP and TP 
psychophysical data simultaneously.

2. Formulate an inverse problem method for 
identifying dead regions.

3. Simulate loudness and other psychophysical data.

PSYCHOPHYSICAL METHODS

The model is validated by comparing simulated threshold responses to 
psychophysical threshold data1.

o All subjects were implanted with the Clarion HiFocus-I or Hi-Res90k electrode array with CII 
electronics.

o 510 ms pulse trains consisting of biphasic and charge-balanced (cathodic phase �rst on the 
active electrode) with 102 microsecond per phase were presented at 1020 pulse/s.

o The MP con�guration consisted of an intrascalar active electrode and distant return electrode.
o The TP con�guration consisted of an intrascalar active electrode and two �anking return 

electrodes, each carrying half the return current.
o Perceptual thresholds were measured using a 3-down 1-up, two-interval, forced-choice 

paradigm converging at the 79.4% correct level.
o Amplitude of pulse train was adaptively adjusted until three reversals using 2 dB steps followed 

by at least �ve reversals using 0.5 dB steps.

 These �gures show the dependence of model threshold on global nerve 
survival and electrode-to-neuron distance.  Each curve represents a di�erent 
level of global nerve survival, ranging from 10% to 100% in 10% increments.  
MP con�guration (left panel) is relatively constant with changes in 
electrode-to-neuron distance for all nerve survival levels .  TP con�guration 
(right panel) shows higher thresholds in general and greater sensitivity to 
variations in distance and nerve survival.
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CONCLUSIONS
oSimulated MP threshold is nearly constant with 

respect to changes in electrode-to-neuron distance.

oChannel-to-channel variability observed in 
psychophysical threshold data for the TP array can be 
replicated in the model by allowing 
electrode-to-neuron distance to vary across the array 
and/or by including discrete SG dead regions.  

oIt is unclear from simulation results whether we can 
di�erentiate between SG dead regions and variable 
electrode-to-neuron distance to explain the 
variability in TP thresholds.

DATA FITTING
The validity of the model is tested by �tting simulated threshold curves to psychophysical data using 
three di�erent strategies:
1. Assume 100% nerve survival and �nd the electrode-to-neuron distance for each electrode in the array that minimizes the 

distance between computed and observed TP threshold values (left column).
2. Decrease global nerve survival  based on median MP and TP thresholds and �nd the electrode-to-neuron distance for each 

electrode in the array that minimizes the distance between computed and observed TP threshold values (center column).
3. Introduce a discrete SG dead region.  Use the decreased nerve survival rate from Strategy 2 and do not allow abrupt changes 

in electrode-to-neuron distance (right column).
Results for four di�erent subjects are displayed below.  The shaded yellow region indicates the 
location of a dead region.  The black curves depict electrode-to-neuron distance across the array.  
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* Subject 22 data were obtained with a partial Tripolar con�guration (pTP) using a fraction of 0.9 (where a fraction of 0 is MP and a fraction of 1 is TP).
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RESULTS
oTP perceptual threshold data can be simulated by 

maintaning 100% neural survival and varying 
electrode-to-neuron distance across the array.   
However, MP data is typically not well �t and the 
electrode-to-neuron distance may undergo 
physically unrealistic changes.

oDecreasing the overall percentage of surviving SG 
neurons can lead to improved �ts of TP and MP data 
and to less drastic variation in electrode-to-neuron 
distance, but it may overestimate the magnitude of 
nerve loss.

oChannel-to-channel variablity in TP threshold data 
can also be simulated by introducing discrete SG 
dead regions.
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