Current Otorhinolaryngology Reports (2022) 10:315-321
https://doi.org/10.1007/540136-022-00418-1

OTOLOGY: ADVANCES IN OTOLOGY (BD NICHOLAS, SECTION EDITOR) q

Check for
updates

The Impact of Cochlear Implant Experience on Music Perception:
Systematic Review and Meta-analysis

Anita Sulibhavi' - Christopher Z. Wen? - Kevin L. Li' - Tiffany P. Hwa'

Accepted: 5 July 2022 / Published online: 4 August 2022
© The Author(s), under exclusive licence to Springer Science+Business Media, LLC, part of Springer Nature 2022

Abstract

Purpose of Review The goal of this paper is to analyze previously published literature to evaluate whether there is a relation-
ship between music perception in cochlear implant users and duration of cochlear implant experience.

Recent Findings There has been little research thus far on this topic. One prospective study done among Korean cochlear
implant users has demonstrated passive improvement in timbre and pitch discrimination with time. It is known that speech
perception does improve with time, which may point to a similar relationship in music perception as well.

Summary Based on the available data, there is no significant passive improvement in pitch, timbre, or rhythm perception in
CI users over time. There was significant heterogeneity in the methodology of music assessment and the patient populations
that impacted the results of the current study. In order to improve the quality of music perception research, we advocate for

standard reporting guidelines for future music perception studies.

Keywords Music perception - Cochlear implantation - Music enjoyment - Music experience - Hearing loss - Implant

experience - Aural rehabilitation

Introduction

Music perception after cochlear implantation (CI) has been
a long-studied topic in the hearing-impaired population.
Outcomes in music perception lag substantially compared
to speech outcomes post-implantation. While the primary
outcome of focus in cochlear implantation is speech, prior
work in this area has demonstrated that music experience
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and enjoyment are correlated with patient-reported quality
of life outcomes [1].

Numerous studies have attempted to assess music per-
ception in the CI population. Current literature supports
the notion that on average, most CI users perceive rhythm
similarly to normal hearing people, but struggle with mel-
ody, pitch, timbre, and sound quality in varying ways [2ee].
Most current cochlear implant studies focus on comparing
music perception among CI users to normal hearing people
or between CI users who did or did not receive a variety of
music training [2ee, 3, 4].

An extensive body of literature supports the notion that
speech perception improves in CI users over time [5]. By
contrast, there is relatively little research as to if and how
music perception passively changes with time in CI users.
Recently, a 2019 study by Ahn et. al. prospectively evaluated
music perception in the CI population as a function of time
and found that pitch and timbre discrimination improved
with time from implantation, without any changes music-
aimed interventions [6]. Gfeller et. al. also noted that greater
length of implant experience was associated with increased
melody-recognition abilities in CI users. [7¢] However, few
to no similar studies exist to create a large body of literature
exploring this phenomenon.
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There is a lack of consistent correlation between implant
experience duration and improved music perception [8].
Gfeller et. al. found that there was no difference in music
perception and appraisal scores over a 2-year follow-up
period, but the authors noted that given the paucity of lit-
erature, it is difficult to know whether two years is enough
time or if a longer follow-up is warranted to see any change
[9]. The numerous studies indicating that music training can
improve music perception in CI users suggest an element of
plasticity in music perception that can evolve over time with
just day-to-day use, as opposed to formal music training.

This review of the literature aims to assess the currently
available data on a study and individual patient level to
determine whether increased implant experience correlates
with improved music perception, specifically with regard to
the broad assessment categories of rhythm, timbre/instru-
ment identification, and melody/pitch. Due to relatively
small sample sizes, lack of long-term follow-up, and variable
implant experience in existing studies, we sought to evaluate
whether the impact of implant experience could be evaluated
with meta-analysis of pooled data.

Methods
Literature Search Methodology

A literature search was performed in the PubMed database.
The PubMed search criteria used were as follows: (((((music
perception) OR (music appreciation)) OR (pitch)) OR (tim-
bre)) OR (rthythm)) AND (cochlear implant). To meet inclu-
sion criteria, studies needed to include either average or
individual-level data of CI users and music perception out-
comes, specifically including implant experience duration.
Any studies that were review studies, written in a foreign
language, or did not specifically record outcomes relating to
cochlear implant users and aspects of music perception were
excluded. Any studies that looked at prelingually deafened
populations or did not provide data to individually exclude
prelingually deafened patients were also excluded.

Authors A.S. and K.L. reviewed the full abstract list
in a blinded manner, while author T.P.H adjudicated dis-
crepancies after the initial review. Any abstract which was
not pertaining to music perception in CI users was not
reviewed further. The full manuscripts were then reviewed
for any abstract that met inclusion. Every manuscript was
reviewed by two authors, A.S and K.L, with discrepancies
again resolved by author T.P.H. At this stage, any manu-
script which did not provide the appropriate variables or
numerical values was subsequently excluded. Once all man-
uscripts were fully reviewed for inclusion, required data was
extracted from each study, on an individual level if available,
and used in subsequent data analysis.
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Definition and Categorization of Tasks

During the qualitative analysis, tasks were grouped based
on the musical outcomes reported in the study. Even if the
original study classified it otherwise, for the purposes of
this study, tasks were classified as follows:

1. Pitch: Tasks that required differentiating between
changes in frequency of individual tones or short musi-
cal phrases

2. Melody: Tasks that required identification of musical
genre or those that required differentiating between
musical phrases of greater duration

3. Timbre: Tasks that required differentiating between
sound quality or required identification of instruments

4. Rhythm: Tasks that required differentiating between dif-
ferent rhythms were classified under rhythm

Statistical Methods

The Newcastle—Ottawa Assessment was performed to
determine the quality of the studies included in the cur-
rent review [10].

A meta-analysis was conducted at the study level for
studies that had normal hearing controls in each of the
four aspects of music perception. Studies that did not
report normal hearing data but were based on tests with
previously published normal hearing data were included
[11, 12]. Due to significant heterogeneity in the tests uti-
lized, CI performance was normalized to the mean nor-
mal hearing performance for each test and each metric
of music perception. Due to variation in the direction of
tests utilized, only those tests where normal hearing lis-
teners were expected to perform better than CI users were
included. A performance ratio between cochlear implant
users versus normal hearing users evaluated in the study
was calculated. A random-effects model with Hartung-
Knapp adjustment was used to account for study heteroge-
neity [13]. A summary normalized performance outcome
with 95% confidence intervals using the inverse variance
method was performed in R using the meta package [14].
Meta-analyses are graphically represented as forest plots.
Heterogeneity of the meta-analyses was calculated and
reported as /2. The Paule-Mandel procedure was used to
estimate 72 [15, 16].

Evaluating the relationship between CI user music
perception and years of implant experience was per-
formed at the study level and the individual level. At
the study level, univariate linear regression analysis was
performed between mean CI performance ratio and mean
years of CI experience for each aspect of music percep-
tion. Where possible, this analysis was also performed
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for individuals. Given the low number of available data,
additional individual analysis was undertaken. CI user
performance within each reported study and test was
converted into z-scores to allow for comparisons across
studies. Reverse scoring was performed as necessary.
Multivariate linear regression analysis was performed
among all individual data from CI users that was avail-
able via the literature to evaluate music perception per-
formance, reported as a z-score, as a function of cochlear
implant experience in years. Variables analyzed included
sex, age at implantation, etiology of deafness, duration
of deafness, implant company, and prior musical experi-
ence as a binary variable. Pairwise deletion was utilized
for missing data. Residual plots were visually inspected
for normality and homoscedasticity. Analysis was per-
formed in R, and data was visualized with the ggplot2
and patchwork packages.

Results

There were initially 68 articles that resulted from this
search spanning from the years 1996 to 2022. After
abstract review, 17 studies were chosen for inclusion.
During the process of data extraction,l study did not
have required data available in the full text, resulting
in 16 studies included in the final review (Table 1). A
Newcastle—Ottawa Assessment was performed to deter-
mine the quality of the studies included in the current
review. The total average score was 5.6 + 1.5. The aver-
age score from the “Selection” subcategory was 2.9/4,
“Comparability” was 1/2, and “Exposure” was 1.8/3
(Supplemental Table 1).

Performance ratios between cochlear implant users and
normal hearing subjects were calculated for the meas-
ures of timbre/instrument (—0.38, CI [—-0.58,—-0.19],
chi-squared value 82.36, p <0.001, I> 94%), melody/
genre (—0.38, CI [-0.77, 0.00], chi-squared value 598.52,
p<0.001, I* 99%), and rhythm (0.03, CI [-0.06, 0.13],
chi-squared value 4.10, p <0.13, I? 951%) (Supplemen-
tal Fig. 1). They failed to demonstrate any significant
increase in music perception performance as a function
of time (Table 2).

Linear regression analysis was performed between
studies as well as with individual subject data as available
(Fig. 1). The R? values on a study level were 0.022 for
rhythm, 0.37 for melody, and 0.69 for timbre. On an indi-
vidual data point level, the R? value was 0.037 for pitch,
0.023 for melody, and 0.027 for timbre. No linear regres-
sion analysis demonstrated a strong correlation between
implant experience duration and music perception.

Discussion
Overall Findings

No meaningful relationships were found between cochlear
implant experience and music perception on a study or
individual level using meta-analysis of pooled data. This
was true both when comparing cochlear implant users to
normal hearing patients, as well as when comparing CI
users within the CI population. The results of this study
suggest that passive, unstructured music listening is not
enough to improve music perception over time in CI users.
There is substantial existing evidence that active music-
listening and music training can improve music perception
in CI users over time [32]. Combined with the findings of
this study, this may point to a loss in plasticity over time if
music perception is not actively focused on. It is important
to note that many of the included studies did not specifi-
cally ask for subjects’ daily music listening habits, which
makes it difficult to ascertain how much music subjects
listened to day-to-day.

Heterogeneity in the Literature

Some studies suggest that there is a significant improve-
ment in speech perception in CI users between 1 and
5 years post-implantation just as a function of time [33].
Although the reasons for this may be unclear, it remains
possible that such a relationship does exist with regards
to music perception but was not ascertained by this study
given significant heterogeneity in study designs, outcome
metrics, and individual patients. Among the individual CI
data included in this study, there were some CI users on
the higher end of music perception abilities when com-
pared to the average on the linear regression models. An
important topic to further study is what differentiates these
high performers from other CI users. The current literature
has failed to demonstrate any relationship between pre-
implant musical experience and post-implant music per-
ception [7¢], but there is little else known about what does
have an impact on post-implantation music perception.
Music perception studies in CI users employ a variety
of metrics to measure aspects of music perceptions, while
also typically having small sample sizes. Some studies
do include individual patient data points, though many
do not. We were able to pool and analyze individual data
points using the validated WebPlot Digitizer tool, but
these points were unable to be evaluated against many
important variables such as duration of deafness and his-
tory of music training. Variability in the results could be
explained in part by a lack of individual level data, but also
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in the variety of metrics used to evaluate music perception.
[34e] In our review, studies used tests ranging from study-
specific audiologic evaluations, to validated evaluations
such as the Montreal Battery of Evaluation of Amusia.
Another important aspect in assessing the heterogene-
ity of the current studies included is the individual qual-
ity of these studies. Based on the average scores of the
Newcastle-Ottawa Scale (NOS) of included studies, the
overall bias risk in the included studies is high. When this
data is pooled as in our systematic review, these biases

Cl Experience (years)

can be further compounded thus reducing the quality of
conclusions that may be drawn. Many of the categories
evaluated by the NOS are difficult to control in cochlear
implant studies. Specifically, controlling and matching
patients can be difficult as there may already be a low
population of CI users in a given locale. It can also be
hard to blind audiologists and evaluators who help assess
outcomes in these studies, as different methods need to be
used in normal hearing control subjects versus cochlear
implant subjects.
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Table 2 Performance ratios Rhythm Timbre/Instrument Melody
of cochlear implant user data
versus normal-hearing subjects No. of studies 3 6 5
Random effects model
Performance ratio (CI) 0.03 [-0.06,—0.13] 0.38 [-0.58,—0.19] 0.38 [-0.77,0.00]
p-value —0.2665 0.0042 0.0515
Tau® 0.0946 0.0348 0.0946
P 51% 94% 99%
Heterogeneity test
0 4.1 82.36 598.52
df 2 5 4
p-value 0.13 <0.0001 <0.0001
Future Directions Declarations

Significant heterogeneity in the methodology of music
assessment and the patient populations impacted the results
of the current study. We postulate that standard reporting
guidelines would improve data quality for future music per-
ception studies, and we offer some suggestions for future
work. First, we advocate for the inclusion of individual-level
outcomes data in future studies, linked to pertinent demo-
graphic variables. A standard reporting guideline in music
perception research would further allow for standardization
of research pertaining to this topic. This should include
implant experience at the time of study, a quantified met-
ric to demonstrate prior music experience and music train-
ing (for example, weekly hours), duration of deafness, and
implant device. Given that no gold standard or clear “front-
runner” exists at this time with respect to either objective or
subjective assessment of music perception, researchers may
consider z-score reporting, as done in the current study, as
a strategy for comparing results across assessment types.

Conclusions

Music perception in CI users does not appear to improve as
a function of passive listening and implant experience time,
although these conclusions of this review are impacted by
significant heterogeneity in the current data. Further research
is needed to truly ascertain whether a relationship exists,
especially given that there are prior studies that do support an
increase in music perception abilities with increased implant
experience. We strongly advocate for the inclusion of individual-
level patient data linked to pertinent demographic variables,
a standardized set of reported variables, and consideration of
a standardized metric by which to evaluate music perception
in CI users to be incorporated in future studies.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s40136-022-00418-1.
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