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Perceiving the intricacies of music is a task that many cochlear implant recipients have difficulty 

with despite advances in cochlear implant technology. Certain elements of music cannot be 

conveyed effectively by electrical stimulation. The perception of pitch is particularly affected and 

it is hypothesized that the addition of an acoustical hearing aid would provide the cochlear implant 

user with an increased ability to access pitch information. This critical review examines four 

studies which investigate the effect of a combined acoustic and electric (bimodal) stimulation 

pattern on music perception tasks. Results indicate that bimodal stimulation does improve music 

perception overall. Further explanations are explored and clinical implications and 

recommendations are included.  

  

  

Introduction 

 
The underlying purpose and function of a cochlear 

implant (CI) is to directly stimulate the auditory nerve, 

thus bypassing the damaged or missing inner hair cells 

in the cochlea. With severe or profound hearing losses, 

usually few functioning inner hair cells are present in 

the cochlea and very little, if any, speech perception 

benefit can be obtained using acoustic methods of 

stimulation, such as hearing aids (HAs) (Turner, Reiss, 

& Gantz, 2008).  There are a large number of CI users 

worldwide and their listening environments can be 

varied and complex. One such realm of acoustic 

stimulation that users of cochlear implants are familiar 

with is music. Listening to music with a CI may not be 

the same perceptual experience as listening with 

acoustic amplification or as normal hearing processes 

but attempts are being made at researching, assessing, 

and enhancing music perception experienced with 

cochlear implants. 

Music perception is difficult to define as there are 

several ways of categorizing different sounds as music 

and cultural- and genre-specific variables also come into 

play. Despite the difficulty in defining music, research 

in the area of music perception of individuals with 

hearing loss has used a common definition. Research 

studies have followed the assumption that music can be 
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providing access to finer spectral information, which 

would in effect enhance perception and enjoyment of 

music. Benefits could also be obtained with an increase 

in speech recognition in a noisy environment 

(McDermott, 2004; Gfeller et al., 2007).  

Typically, “traditional” CIs use electrode arrays of 

22 mm in length, which would place them into the low 

frequency range of the cochlea, approaching the apex. 

These are now referred to as long electrode (LE) arrays. 

Short electrode arrays are typically 10 mm in length and 

do not encroach into the lower frequency region of the 

cochlea like the LE array does. The effects of these 

arrays are further explored in one of the studies 

examined in this review. 

As an increasing number of patients with aidable 

residual hearing undergo cochlear implantation, interest 

has grown in examining the advantages of bimodal 

stimulation (Fitzpatrick, Seguin, Schramm, Chenier, & 

Armstrong, 2009). The enjoyment of music can have 

positive effects on patient’s lives and it is important to 

value the benefits music can bring to an individual. 

 

Objectives 

 
The primary purpose of this review is to critically 

evaluate the existing literature regarding the 

effectiveness of bimodal stimulation in improving music 

perception in adult cochlear implant users.  

 

Methods 

 
Search Strategy 

Computerized databases including MEDLINE, 

SCOPUS, CINAHL, and PubMed were searched using 

the following search strategy: [(cochlear implant*) 

AND (amplification) OR (hearing aid*) OR (bimodal) 

OR (acoustic) AND (music)]. 

The search was limited to articles written in English. No 

other limits were used. Additional articles were obtained 

by examining the reference lists of relevant journal 

articles.   

 

Selection Criteria 

Studies selected for inclusion in this critical review 

were required to investigate the effects of bimodal 

stimulation on performance on music perception tasks. 

The reviewed studies also examine the effects of 
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the SQR task. Having more participants can increase the 

power of finding an experimental effect and more 

accurate comparisons between tasks could be 

performed.  

There was no information provided on the 

participant’s hearing loss or type of amplification. If 

there are large differences between participants’ hearing 

thresholds this could influence task performance. The 

amount of residual hearing would also impact the 

degree to which the stimuli could be heard and could 

also influence task performance.   

The Sucher and McDermott study (2009) had a 

reasonable level of evidence despite its limitations. 

Results supported the research question that bimodal 

stimulation provides better performance on music 

perception tasks. In addition, the subjective measures 

indicated that participants preferred the bimodal 

condition when listening to music rather than CI or HA 

alone.  

El Fata, James, Laborde, and Fraysse (2009) 

conducted a study where the primary aim was to 

evaluate the performance of bimodally stimulated 

recipients of standard CI on a popular song recognition 

task and to evaluate the self-reported subjective benefit 

of such stimulation. A secondary objective was to relate 

the amount of residual hearing to the possible benefit of 

bimodal stimulation.  

Fourteen adult CI recipients with contralateral HAs 

participated in the study. Low frequency residual 

hearing was present in all subjects, with pure tone air-

conduction thresholds for 125 to 1000 Hz ranging from 

25 to 97.5 dB. Musical stimuli with lyrics consisted of 

single excerpts taken from original recordings of 

popular songs by the original singer/artist. The same 

excerpts were also prepared without lyrics where the 

sung melody was played on a musical instrument with 

similar backing music. Participants were asked to 

indentify the excerpt from a list of 15 popular songs 

which were familiar to them. Listening conditions were 

fixed in order: bimodal stimulation first, CI alone, and 

then HA alone; the set of 15 excerpts were presented in 

each condition first with lyrics and then without lyrics. 

At the end of testing participants were asked which 

condition yielded the best subjective perception of 

music compared to the period before deafness.   

For excerpts with lyrics the mean recognition score 

for the bimodal condition (76.5%) was nearly identical 

to the score obtained using CI alone (75%). These 

scores were higher than for HA alone (54.5%). When 

lyrical content was removed, recognition scores dropped 

in all listening conditions. For CI alone this drop was 

most pronounced shifting from 75% to 34.3% and the 

smallest difference occurred for HA alone (54.5 vs. 

43%). To investigate the possible role of residual 

hearing levels on song recognition scores, residual 

hearing was categorized for each participant by median 

thresholds of 125, 250, 500 and 1000 Hz. Next the 

authors divided the participants into 2 groups based on 

their median thresholds. Eight participants were 

included in a ‘group I’ with median thresholds less than 

85 dB HL and the remaining 6 participants with median 

thresholds ≥ 85 dB HL were placed in a ‘group II’.  

Mean song recognition scores were greater for group I 

than for group II, for both with and without lyrics (81.5 

vs. 69.8% with lyrics; 57.2 vs. 26.3% without lyrics), 

for the bimodal condition and for the HA alone 

condition. However, mean scores for CI alone did not 

differ significantly between the 2 groups (71.5 vs. 

79.8% with lyrics; 38.8 vs. 28.3%).  

An ANOVA was performed on scores for all 

participants and for groups I and II separately.  Group I 

showed significant differences in scores for bimodal 

versus CI alone, both with and without lyrics, and for 

HA alone versus CI alone without lyrics. The only 



Copyright © 2010, Culford, C. 

hearing aids. There was no mention of how, or even if, 
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