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Comparison of Single-Channel and Multi-Channel Cochlear Implants in Terms of
Encoding Strategy and Speech Understanding: A Systematic Review

Somayeh Falahzadeh', Alireza Golchin-Namdari®, Adel Gholaminezhad?, Fatemeh Abdolmajidi®

Review Article

Introduction: The term channel in cochlear implant systems refers to the number of stimulation sites within the
inner ear or cochlea that determines the range of frequencies or pitches. Unlike single-channel cochlear implant, a
multi-channel cochlear implant system divides the incoming signal into various frequency bands, and then, transmits
it to various stimulation areas within the inner ear. Having more stimulation sites entails two main goals: 1- As the
auditory nerve fibers in the cochlea are tonotopically organized, higher number of electrodes leads to better
frequency separation; 2- The areas in the cochlea with inappropriate or no response to electrical stimulation will be
avoided in the programming of the device, and the components of the processed input frequency will accompany the
stimulation. The goal of the present study was to compare the frequency encoding strategy and its effect on speech
understanding of the recipients of single-channel and multi-channel cochlear implant systems.

Materials and Methods: Published researches were identified by reviewing scientific databases (PubMed, Science
Direct, and Google Scholar) from 1965 to 2016 using relevant keywords. The researches were selected based on the
inclusion and exclusion criteria.

Results: Single-channel cochlear implants encode the frequency based on the rate of firing of electrical impulses.
Multi-channel cochlear implants use the spatial strategy theory for frequency encoding, wherein the different
frequencies of the auditory signal are separated and presented in a tonotopic manner along the length of the cochlea
via the electrode array. The spatial and temporal encoding of the sound frequencies can be partly replicated by multi-
channel stimulation of the auditory nerve. Encoding strategy in multi-channel cochlear implant consists of feature
extraction and wave form. The resulting speech understanding of the single-channel and multi-channel systems was
also assessed.

Conclusion: Based on the findings, it can be concluded that single-channel cochlear implant systems with temporal
encoding of frequency do not adequately convey speech information, whereas multi-channel cochlear implants have
more similarities to the tonotopic map of the cochlea and provide a better speech understanding in comparison to
single channel devices.

Keywords: Multi-channel cochlear implant, Single-channel cochlear implant, Signal processing, Speech perception
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