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Phantom electrode stimulation refers to a simultaneous stimulation modality 
where multiple stimulation pulses are used to shift hypothetically the peak of the 
excitation in a direction that is away from the stimulation pair. This technique promises 
an ability to "extend" the electrode array apically and/or basally.   To date, we have 
investigated several techniques that, when applied apically, generate lower pitch 
sensations as compared to that of the most apical electrode.   However, the precise 
mechanisms by which this lowering occurs are unclear.  In this presentation, we show 
that pulse shape, polarity, and electrode configuration have an effect of lowering the 
pitch percept generated by the excitation. We review several experiments which attempt 
to elucidate mechanisms of the lowering in the pitch sensation. Finally, we provide a 
report of the effect of apically extending the electrode array by adding a single apical 
phantom channel to a sound processing strategy on music perception.  
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Phantom electrode stimulation consists of out-of-phase stimulation of two 
electrodes. When presented at the apex of the electrode array, phantom stimulation is 
known to produce a lower pitch sensation than monopolar stimulation on the most 
apical electrode. The ratio of the current between the primary electrode (PE) and the 
compensating electrodes (CE) is represented by the coefficient σ, which ranges from 0 
(monopolar) to 1 (full bipolar). The difference in pitch sensation produced by phantom 
and monopolar stimulation indicates differences in the current fields associated with the 
two modes of stimulation. However, the exact mechanism by which phantom stimulation 
produces a lower pitch sensation has not been reported.  

In the present study, unmasked and masked thresholds were obtained using a 
psychophysical forward masking paradigm to estimate the spread of current for 
monopolar and phantom (σ = 0.5) stimulation. Masked thresholds were measured for 
two phantom electrode configurations (1) PE = 4, CE = 5 (lower pitch phantom 
electrode) & (2) PE = 4, CE = 3 (higher pitch phantom electrode). The monopolar and 
the phantom electrode maskers were 400 ms in duration, and were carefully balanced 
in loudness using a double-staircase adaptive procedure. Masked thresholds were 
obtained for 20 ms phantom (σ = 0.75) electrodes probes for a range of electrodes (1 to 
10 electrodes). The unmasked thresholds were subtracted from the masked thresholds 
to obtain masking patterns for the two modes of stimulation.  

Masking patterns revealed differences between the spread of excitation 
associated with monopolar and phantom stimulation. As compared to monopolar 
stimulation the lower pitch phantom electrode stimulation limits the spread of excitation 
towards the basal part of the electrode array and the higher pitch phantom electrode 
limits the spread of excitation towards the apical part of the electrode array.  Some 
masking patterns also revealed a shift in the peak of the masking pattern as compared 
to monopolar stimulation. These results indicate that phantom electrode stimulation can 
be used for current shaping by which one can change the pitch sensation produced by 
phantom stimulation. Also, phantom stimulation can be potentially used to limit the 
spread of current in cochlear implants.  
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This work presents the evaluation of a new signal processing strategy for the 

CII/HR90k implant of Advanced Bionics. The new strategy is based on HiRes 120 but 
makes use of an additional virtual channel which presents signal components below 
250 Hz. For representation of this new channel a virtual electrode is created by partially 
bipolar stimulation producing a lower pitch sensation than the most apical electrode 
contact. The transmitted frequency spectrum is expanded by about 2 octaves to capture 
the fundamental frequency of speech and music.  

The new strategy, called Phantom, was evaluated in 15 HiRes90k cochlear 
implant users.  The fitting procedure of the new low frequency channel was investigated 
prior to evaluating speech and music perception with the new strategy. Speech was 
evaluated using the HSM sentence test in noise and the adaptive OlSa sentence test 
after one month of experience with the new strategy. Music perception was assessed in 
a controlled comparison condition via a questionnaire. Finally, psychophysical 
measures were performed to further investigate the effect of the Phantom channel. 

The fitting was crucial for the performance. The performance with F120 and 
Phantom was similar in both speech perception tests (HSM: 43.43% with F120 and 
49.6% with Phantom; OlSa: -1.86dB SNR with F120 and -1.98dB SNR with 
Phantom).With both strategies, music was easy to follow, with a small advantage for 
Phantom. With Phantom music was perceived slightly more natural than with F120. The 
sound balance with Phantom was rated to be more neutral than with F120. Finally, the 
overall impression of music with Phantom was significantly better than with F120. 
However, current results of psychophysical measures do not show a correlation to the 
music perception. 

Our results indicate a benefit of the Phantom strategy for music perception. 
Further research is currently ongoing to understand the underlying mechanisms and to 
investigate whether a further iteration may also bring advantages for other situations. 
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