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Abstract: This study aimed to report quality of life (QoL) scores in unilateral cochlear implant (CI)
users and to generate guidance for clinicians on using QoL measures to individualize CI counselling
and rehabilitation and to increase access to CIs as a mode of rehabilitation. Participants (n = 101)
were unilateral CI users with single-sided deafness (SSD; n = 17), asymmetrical hearing loss (AHL;
n = 26), or bilateral hearing loss (Uni; n = 58). Generic QoL was assessed via the Health Utilities Index
(HUI-3), and disease-specific QoL was assessed via the Speech, Spatial, and Qualities of Hearing scale
(SSQ12) and Nijmegen CI Questionnaire (NCIQ) at preimplantation and at 6 and 12 months of CI
use. All groups had significantly increased HUI-3 scores at both intervals. The SSD group showed
significant benefit on the SSQ12 at visit 3, the AHL group showed significant benefit on the SSQ12
and most NCIQ subdomains at both intervals, and the Uni group showed significant benefit with
both tests at both intervals. Unilateral CI recipients demonstrate improved QoL within the first 12
months of device use. Regular assessment with generic and disease-specific questionnaires has the
potential to play an important role in personalizing treatment and possibly in increasing access to CI
provision.

Keywords: cochlear implant; quality of life; rehabilitation; patient reported outcome measure; single-
side deafness; asymmetrical hearing loss

1. Introduction

Cochlear implant (CI) use can provide a host of benefits, including a significantly
improved health-related quality of life (HRQoL) [1–4]. As part of a trend towards viewing
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the effects of CI use holistically, participants’ self-assessed HRQoL is now more frequently
used as an assessment measure in studies. HRQoL assessments are generally questionnaires
or surveys and can be generic or disease specific. Generic measures, such as the Health
Utilities Index (HUI-3) [5] or the Assessment of Quality of Life (AQoL)-8D [6], can be used
to compare the effects of different interventions on HRQoL, e.g., benefit derived from CI
use vs. derived from receiving a partial nephrectomy [7]. Disease-specific assessments
appear to be more sensitive to changes in HRQoL after hearing implant provision than
generic assessments; thus, they are an excellent tool to assess or monitor a candidate’s
or user’s HRQoL [8,9]. Numerous disease-specific tests exist for hearing loss in general,
e.g., the Speech, Spatial, and Qualities of Hearing scale (SSQ12) [10]; for specific device
types, e.g., the Nijmegen Cochlear Implant Questionnaire (NCIQ) [11] or the Abbreviated
Profile of Hearing Aid Benefit (APHAB) [12]; and for specific indications, e.g., single-sided
deafness (SSD) [13] or bimodal users [14].

Having CI candidates and users self-assess their HRQoL with these generic- and
disease-specific tools has several benefits. Firstly, they are, by definition, user-centric,
so they assess the real-life effects of CI use. Secondly, regular pre- and postoperative
assessments with disease-specific HRQoL measures could also allow the therapist to gauge
the user’s satisfaction over time. Based on the answers, further rehabilitation sessions
could be tailored to focus on situations that a user finds meaningful and challenging,
thereby facilitating personalized therapy. Moving beyond the level of the individual CI
candidate/user, generic assessments, unlike disease-specific assessments, can generate
quality-adjusted life years (QALYs). This is important because QALYs are essential for
creating the cost-benefit assessments that inform hearing healthcare policy. Thus, the results
of generic assessments should enable more people to benefit from access to hearing devices
because while the clinical benefits of intervention on many conditions are well-established,
the cost-effectiveness is sometimes not [e.g., [7]].

To explore and quantify the usefulness of generic and disease-specific assessments, the
aims of the present study were to (1) investigate changes in HRQoL after unilateral CI treat-
ment across different indications in a multi-centric/multinational set-up and (2) propose
how HRQoL measures could be used to individualize CI counselling and rehabilitation.

2. Materials and Methods
2.1. Participants

The participants in the present study were all also included in Lassaletta et al. [3].
In short, the inclusion and exclusion criteria were that they had to have postlingual hearing
loss, have never used a hearing implant on the to-be-implanted side, be at least 10 years
old, and give their informed consent.

A point of deviation from the aforementioned study is that the present study focuses
only on CI treatment and rehabilitation; as such, users of middle ear implants (the VIBRANT
SOUNDBRIDGE group) and bone conduction implants (the BONEBRIDGE group) were
excluded. Moreover, out of the 111 original CI users, the electric-acoustic stimulation users
(corresponding to the SONNET EAS audio processor group, n = 10) had to be excluded due
to having an insufficient n for meaningful inferential statistics to be performed. Therefore,
all of the remaining 101 participants in the present study were unilateral CI users with SSD,
asymmetric hearing loss (AHL), or bilateral severe-to-profound deafness (herein called
“unilateral”). SSD was defined as having a pure tone average of ≥70 dB HL in the poorer
ear and ≤30 dB HL in the better ear. AHL defined as having a pure tone average of ≥70 dB
HL in the poorer ear and between >30 and ≤55 dB HL in the better ear. Pure tone average
is defined as the mean threshold at pure-tone frequencies of 0.5, 1, 2, and 4 kHz.

Prior to surgery, all candidates were given a thorough audiological workup. Radio-
logical examinations, including temporal bone computerized tomography and magnetic
resonance imaging, were routinely performed. The decision of whether to proceed with
implantation was made after consultation with a multidisciplinary team. Surgery was per-
formed by an experienced surgical team. The CIs were activated (i.e., first fitting) within the
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first month post-surgery, whereafter recipients began rehabilitation with speech language
professionals.

2.2. Assessments and Intervals

The three study intervals were at pre-activation, at 6 months of device use, and at
12 months of device use. Participants completed the questionnaires via paper and pencil.

2.2.1. Generic QoL

Generic QoL was assessed in all participants via the HUI-3 at all three intervals [5].
Scores on the HUI-3 range between 0.00 (i.e., dead) and 1.00 (i.e., in perfect health). Negative
scores represent states that are considered worse than being dead. Mean differences of
0.03 are considered clinically important, and smaller differences, such as 0.01, can also be
meaningful and important in some contexts [5]. To calculate the HUI-3 scores, all questions
had to be answered by the study participant. Participants with missing items were not
included in the analysis.

2.2.2. Disease-Specific QoL

Disease-specific QoL was assessed at all three intervals via the SSQ12 [10] and the
NCIQ [11].

The SSQ12 consists of 12 items with a visual analogue scale between 0–10, in which
higher scores indicate better HRQoL. It was used to measure hearing abilities across three
subdomains: speech perception, spatial hearing, and general qualities of hearing. In this
study, we analyzed only the total score.

The NCIQ consists of three general domains (physical, psychological, and social)
that can be split into the following 6 subdomains: basic sound perception, advanced
sound perception, and speech production (in the physical domain); self-esteem (in the
psychological domain); and activity limitations and social interaction (in the social domain).
All 60 items in the NCIQ are answerable on a 5-point Likert scale. Before calculating final
scores, the items were reversed if applicable and then transformed; therefore, higher scores
indicate better HRQoL. Scores from each subdomain were calculated based on the average
of these transformed values. A maximum of three missing answers (i.e., not answered or
“not applicable”) per subdomain was allowed. Subdomain scores were calculated according
to the corrected scoring table published in 2017 [15].

2.3. Bias

Data of participating study sites were pooled. The selection criteria set for this study
allowed for the enrolment of a homogeneous population within the context of a clinical
routine, a real-life setting that allowed a non-biased pooling of the results. All study sites
followed the same agreed-upon protocol to prevent a treatment-by-center interaction.

2.4. Statistics

The mean with the range (minimum and maximum values) were used to report
participant demographic characteristics (e.g., age); the median with the interquartile range
(IQR) were used to describe the distribution of the study outcomes; absolute and relative
frequencies were used to present qualitative data.

Only participants with pre-operative QoL results (1st visit) and at least one post-
activation QoL result were included in the final analyses.

According to the results of the Kolmogorov–Smirnov test and the Shapiro–Wilk test,
data were not approximately normally distributed. Hence, non-parametric statistical tests,
such as the Wilcoxon signed-rank test for pairwise comparisons and the Friedman test to
examine changes over time, were applied.

The Wilcoxon signed-rank test was used to assess the change in HRQoL by comparison
of post-activation QoL results with pre-operative QoL results in different CI treatment
groups. To adjust for multiple comparisons (Visit 1 to Visit 2 and Visit 1 to Visit 3), the
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Bonferroni correction had to be applied when interpreting the p-values. Hence, a p-value of
p ≤ 0.025 instead of p ≤ 0.05 is considered as the significance level.

Statistical analyses were performed with IBM SPSS Statistics Version 25 (IBM, Armonk,
NY, USA).

3. Results
3.1. Participants

Participants were 101 adult unilateral CI users, who were divided into groups based
on their preoperative hearing (see Table 1). As stated in the Methods, EAS users from
Lassaletta et al. [3] had to be excluded. This accounts for why the present study has 101
and not 111 CI users.

Table 1. Mean and range (minimum and maximum) ages and duration of deafness for each group of
participants (SSD = single-sided deafness; AHL = asymmetrical hearing loss; Unilateral = unilateral
CI user with bilateral deafness). Note: variations in n are due to missing data.

n Age at Time of
Testing (Years) n Age at Implantation

(Years) n Duration of Deafness in
Implanted Ear (Years)

SSD 17 39.5 (16.4–66.4) 16 39.9 (16.8–66.1) 15 25.3 (9–67)

AHL 26 64.6 (28.3–79.6) 22 64.6 (29.0–78.4) 17 18.8 (2–48)

Unilateral 58 58.7 (24.1–84.7) 52 60.3 (26.2–85.8) 41 20.2 (2–63)

All participants were implanted with a MED-EL (Innsbruck, Austria) CI system (see
Table A1 in Appendix A for further details). For further demographic data, please see the
CI users (minus the EAS group) in Lassaletta et al. [3].

3.2. Generic QoL

A statistically significant increase in HUI-3 score was found in the SSD group between
visit 1 and visit 3 (p = 0.005) and in the unilateral group between visit 1 and visit 2 (p < 0.001)
and visit 1 and visit 3 (p = 0.001).

A clinically significant improvement (an increase of ≥0.03) between visit 1 and visit 2
and visit 1 and visit 3 was reached in all groups (Figure 1). See Table A2 in Appendix A for
median and interquartile scores for each group and at each visit.
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Figure 1. Health Utilities Index (HUI-3) scores for each group at each visit. Mean values are depicted
as black squares and the medians as horizontal lines. The black circles represent outliers. Higher
scores indicate better quality of life (QoL). CI = cochlear implant, SSD = single-sided deafness,
AHL = asymmetric hearing loss, Unilateral = unilateral CI user with bilateral deafness.
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3.3. Disease-Specific QoL
3.3.1. SSQ12

A statistically significant increase (in total score) was found for all groups at both
compared intervals. For the SSD group, significance was p = 0.034 between visit 1 and visit
2 and p = 0.020 between visit 1 and visit 3. For the AHL and unilateral groups, significance
was p < 0.001 between both tested intervals (See Figure 2). See Table A3 in Appendix A for
median and IQR of total scores for each group at each visit.
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interval. Mean values are depicted as black squares and the medians as horizontal lines. The black
circles represent outliers. Higher scores indicate better quality of life (QoL). CI = cochlear implant,
SSD = single-sided deafness, AHL = asymmetric hearing loss. Unilateral = unilateral CI user with
bilateral deafness.

3.3.2. NCIQ

For the SSD group, a significant increase was found in basic sound perception between
visit 1 and visit 3 (p = 0.016) and in activity limitations between visit 1 and visit 3 (p = 0.003).

For the AHL group, a significant increase was found in basic sound perception between
visit 1 and visit 2 (p = 0.005) and visit 1 and visit 3 (p = 0.001), in advanced sound perception
between visit 1 and visit 2 (p = 0.006) and visit 1 and visit 3 (p = 0.001), in advanced speech
production between visit 1 and visit 2 (p = 0.014) and visit 1 and visit 3 (p = 0.001), in
self-esteem between visit 1 and visit 2 (p = 0.016) and visit 1 and visit 3 (p = 0.010), and in
activity limitations between visit 1 and visit 2 (p = 0.009).

For the unilateral group, a significant increase was found in all subcategories between
visit 1 and visit 2 and between visit 1 and visit 3. The p value was p < 0.001 for all
comparisons except advanced sound perception between visit 1 and visit 2 (p = 0.008),
activity limitations between visit 1 and visit 3 (p = 0.001), and social interaction between
visit 1 and visit 2 (p = 0.013) and visit 1 and visit 3 (p = 0.002) (see Figure 3). See Table A4 in
Appendix A for the median and IQR of the total scores for each group at each visit.
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3.4. Audio Processor Daily Use

Most participants in each group reported using their CI for ≥12 h per day at both
postoperative intervals. At visit 2, 100% of SSD participants, 100% of AHL participants,
and 93.9% of unilateral participants used the CI for >9 h per day. At visit 3, this decreased
to 87.5% for SSD participants, stayed at 100% for AHL participants, and rose to 97.6% for
unilateral participants (see Figure 4). See Table A5 in Appendix A for the percentage of
participants in each group who reported using their CI at each range/hours per day.
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4. Discussion

This study aimed to (1) investigate changes in HRQoL before and after CI provision
across different CI indications in a multi-centric/multinational set-up and (2) generate
a guidance for clinicians on how HRQoL measures could be used to individualize CI
counselling and rehabilitation. The first aim was successful: HRQoL data were collected
from a relatively large sample of different types of adult CI users; we hope to achieve the
second aim in this section of the paper when we argue that the regular clinical use of both
generic and disease-speaking HRQoL assessments should better enable each CI recipient
to benefit from individually-tailored rehabilitation and help to generate data that can be
used to demonstrate the cost-effectiveness of CI provision, thereby expanding eligibility
criteria and reimbursement.

Regarding the HRQoL results, each group’s scores significantly increased upon CI use
on the generic measure and at least one of the disease-specific measures. This indicates the
beneficial effects of CI use in adult unilateral CI users, regardless of the hearing status of
their contralateral ear. These results were expected because it is well known that CI use
benefits HRQoL in this population [16–18].

Digging deeper into the results, the SSD group had significant improvements on the
HUI-3, on the SSQ12 at 12 m but not at 6 m, and only on 2/6 subdomains of the NCIQ at
12 m; in contrast, the unilateral group had significant improvements at all intervals and on
all measures. The AHL group had scores similar to the unilateral group, with significant
increases on the HUI-3 and SSQ12, but only 5/6 subdomains of the NCIQ at 6 m and 4/6
subdomains at 12 m (see Table 2).

Table 2. Did scores increase significantly between those intervals? Significance for each test for
each group at each interval. Note: For HUI-3, clinical significance is reported here. For the SSQ12
and NCIQ, results are of statistical significance. CI = cochlear implant, SSD = single-sided deafness,
AHL = asymmetric hearing loss, Unilateral = unilateral CI user with bilateral deafness.

SSD AHL Unilateral

Intervals 1 v 2 1 v 3 1 v 2 1 v 3 1 v 2 1 v 3

HUI-3 Yes Yes Yes Yes Yes Yes

SSQ12 (total score) No Yes Yes Yes Yes Yes

NCIQ
Basic sound perception No Yes Yes Yes Yes Yes

Advanced sound perception No No Yes Yes Yes Yes
Advanced speech production No No Yes Yes Yes Yes

Self-esteem No No Yes Yes Yes Yes
Activity limitations No Yes Yes No Yes Yes
Social interactions No No No No Yes Yes

Total 5/16 13/16 16/16

These results indicate that the likelihood of significant HRQoL benefit on particular
questionnaires may correspond with the amount of hearing loss in users’ contralateral
ear. While it is known that increases in pre- vs. post-implantation speech perception do
not necessarily correlate with increases in HRQoL [19,20], this is probably more relevant
when comparing the same type of CI users, and not when comparing users with different
severities of hearing loss (e.g., a unilateral CI user with bilateral deafness vs. a unilateral CI
user with SSD). It stands to reason that a unilateral CI user with bilateral deafness would
derive greater HRQoL benefit than a unilateral CI user with SSD; for someone with bilateral
deafness, CI use is the difference between functional deafness and the ability to hear,
whereas someone with SSD has one ear with normal hearing so they can already participate
in the world of sound without a CI, albeit with a diminished ability to understand speech
in noise and localize sound [21]. Thus, it may be of future benefit to clinicians to establish if
different types of CI users (e.g., with SSD, bilateral CI users, EAS users, etc.) can be expected
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to score within certain ranges at certain intervals on individual HRQoL questionnaires.
Such norm curves could help clinicians establish expectations prior to implantation and,
post-implantation, may help troubleshoot during rehabilitation. While such norm curves
would necessarily be broad because multiple factors can influence CI users’ HRQoL [22],
their existence could still be of clinical value.

The ability to compare a single user’s HRQoL scores against a norm curve also points
the way towards HRQoL questionnaires’ ability to enhance opportunities for individual-
ized treatment/rehabilitation. The regular use of HRQoL assessments should allow several
benefits. Preoperatively, they could be used to assess and shape patient expectations [23,24].
This could be of real benefit because patients’ preoperative expectations are an impor-
tant factor in candidacy and assessment [25] and could shape their perception of their
postoperative performance [26]. Postoperatively, they could be used as a part of hearing
rehabilitation to monitor individual CI users’ progress over time. This could allow for an
“individualized rehabilitation approach”, wherein clinicians could use the results to tailor
future rehabilitation sessions to each user’s strengths, weaknesses, and goals. A record
of results should also serve as a useful reminder for the CI user and/or therapist that
progress has been made if it seems to have stalled. We would particularly advocate using
disease-specific assessments for this because they appear to be more sensitive than their
generic counterparts [3]. Future studies may find it useful to examine if our hypothesis
that the regular use of HRQoL questionnaires will lead to more fulfilling rehabilitation
is correct.

Nonetheless, generic QoL assessments have a vital role to play. Unlike disease-specific
assessments, generic assessments can be used to generate QALYs, which is a generic
quantification of disease burden. QALYs are particularly important because they can be
used to demonstrate that specific treatments in specific patient groups are a cost-effective
use of a health care system’s finite resources. This can be used as a powerful argument for
expanding local eligibility criteria and cost coverage, thereby enabling those who might
not have received a CI (or a bilateral CI) to benefit from its use. Some recent CI-related
publications to this end include Nijmeijer et al. [27], Skarzynski et al. [28], and Cutler
et al. [29]. Thus, while generic assessments may be less clinically valuable for individual
candidates/users, they are invaluable for enabling future candidates to benefit from CI use.
In the present study, we did not use the HUI-3 to generate QALYs because it was outside of
our research question. This underscores that while generic QoL assessments can be used
to generate QALYs, they do not necessarily always need to be used to that end. Further,
future studies, e.g., a review study, could use the data herein for such a purpose.

High rates of daily use should indicate that the user derives benefit from the device.
A recent study by Lindquist et al. [30], who used datalogging and a disease-specific measure
(the Cochlear Implant Quality of Life (CIQOL)-10 Global measure)), assessed adult CI
users with SSD and found that average daily wear time was positively associated with
postoperative HRQoL scores; however, data on the relationship between daily device use
and HRQoL are limited. While a decline in a user’s daily use time is not necessarily due to
reduced benefit, it may alert clinicians that the user is experiencing less satisfaction with
device use, which is a cause for intervention.

The present study is not without limitations. Firstly, the follow-up time of 12 months
after first fitting, while not unusual in a study on CI recipients/users, is nonetheless still
relatively short, especially considering that CI users would be expected to continue using
a CI indefinitely. Future studies would benefit from longer follow-up times. Secondly,
it assesses only a subset of CI users (adult unilateral CI users of MED-EL devices). Future
studies would benefit from including more kinds of CI users, e.g., bilateral CI users,
pediatric CI users, etc. Further, while the HUI-3, SSQ12, and NCIQ are commonly used
assessments, multiple other assessments exist and could have been used. Regarding
which questionnaires to use, clinicians will have their preferences and we refrain from
recommending specific questionnaires. As Andries et al. [31] recently pointed out, there is
a lack of consensus on which measures are most appropriate, and there is no questionnaire
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that covers all outcome aspects. Nevertheless, we advocate using questionnaires that are
short, validated, and easy-to-use. Regardless of which assessments are used, one must
limit the choice of assessments so as to not unduly burden the user/candidate. Cost could
also play a role in questionnaire choice: some may find the HUI-3 license prohibitively
expensive for everyday clinical use, in which case, using a different generic assessment,
e.g., the Assessment of Quality of Life (AQoL)-8D [6], may be preferrable. Lastly, future
studies may find it beneficial to use data logging rather than user reporting to collect hours
per daily use. Studies on hearing aid users have found that subjective estimates of daily
device use are prone to overestimations of up to 2 h per day [32,33].

5. Conclusions

Many CI recipients enjoy a significantly increased quality of life (QoL) within the first
year of device use. Traditionally, postoperative success was largely based on clinically
assessed speech understanding in speech or in noise and, depending on the type of CI user,
perhaps sound localization. Increasingly, candidates’/users’ self-assessment of their QoL is
being seen as an integral part in showing a fuller, real-life picture of the benefits of CI use.
The benefits of preoperative and regular postoperative QoL testing are multiple: results
chart an individual user’s progress over time and can be used by clinicians/therapists to
identify challenges individual users are facing so to better address them in future sessions.
This kind of individualized rehabilitation is probably better conducted with disease-specific
measures, of which there are several for people with hearing loss.

The regular use of generic measures could also be of substantial benefit. Generic
measures, such as the HUI-3 used herein, can be used to generate QALYs, which can
be used to generate the cost-benefit analyses used to demonstrate that CI provision is
an efficient use of limited resources. Therefore, in short, the preoperative and regular
postoperative use of QoL assessments could potentially enable clinicians/rehabilitationists
to better provide personalized care/training and be a key to enabling more people to benefit
from CI use. Lastly, regarding QoL assessments, it is important to be judicious in choosing
which ones to use. Some assessments are time- and energy-consuming and may not be
optimal for all candidates/users.
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Appendix A

Table A1. Cochlear implant, audio processor, and electrode array provision for each group.
SSD = single-sided deafness, AHL = asymmetric hearing loss, Unilateral = unilateral CI user with
bilateral deafness.

SSD AHL Unilateral

Cochlear implant
SONATATI 8 10 15

SYNCHRONY 7 7 6
SYNCHRONY PIN 0 5 15

CONCERTO 1 2 9
CONCERTO PIN 1 1 2

Missing 0 1 11
Total 17 26 58

Audio processor
SONNET 12 17 39
RONDO 4 2 8
OPUS 2 0 3 5
Missing 1 4 6

Total 17 26 58

Electrode array
FLEX28 8 13 30
FLEX24 4 6 9
FLEX20 1 2 1

FLEXSOFT 0 1 0
MEDIUM 0 1 0

COMPRESSED 0 1 3
STANDARD 4 1 4

Missing 0 1 11
Total 17 26 58

Table A2. HUI-3 median and interquartile range for each group (SSD = single-sided deafness;
AHL = asymmetrical hearing loss; Unilateral = unilateral CI user with bilateral deafness) at each
visit.

n Visit 1 n Visit 2 n Visit 3

SSD 16 0.61 (0.54–0.89) 15 0.83 (0.74–0.88) 14 0.85 (0.77–0.96)

AHL 22 0.48 (0.35–0.67) 20 0.68 (0.55–0.79) 19 0.74 (0.65–0.81)

Unilateral 45 0.45 (0.36–0.56) 43 0.67 (0.55–0.79) 40 0.69 (0.50–0.74)
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Table A3. SSQ12 median and interquartile range of the total scores for each group at each visit
are shown. An asterisk * indicates statistical significance (Bonferroni correction: p ≤ 0.025). SSD =
single-sided deafness; AHL = asymmetrical hearing loss; Unilateral = unilateral CI user with bilateral
deafness.

Visit n Total
Wilcoxon Signed-Rank Test (p-Values 2-Sided)

V1 vs. V2 V1 vs. V3

SSD

1 17 5.1 (4.2–6.4)

0.034 0.020 *2 16 6.1 (4.8–6.8)

3 16 6.6 (5.8–7.0)

AHL

1 25 2.8 (1.2–2.5)

<0.001 * <0.001 *2 24 4.5 (3.3–6.5)

3 23 5.2 (4.0–6.5)

Unilateral

1 42 2.3 (1.2–2.5)

<0.001 * <0.001 *2 42 4.4 (2.8–5.6)

3 38 4.8 (3.4–6.1)

Table A4. NCIQ median and interquartile range (IQR) of subdomain scores for each group at each
visit. An asterisk * indicates statistical significance (Bonferroni correction: p ≤ 0.025). SSD = single-
sided deafness; AHL = asymmetrical hearing loss; Unilateral = unilateral CI user with bilateral
deafness.

Visit 1 Visit 2 Visit 3 Wilcoxon Signed-Rank Test
(p-Values 2-Sided)

n Median (IQR) n Median (IQR) n Median (IQR) V1 vs. V2 V1 vs. V3

SSD

Basic sound
perception 14 68.8 (60.6–82.5) 11 80.0 (63.8–83.8) 12 86.3 (68.8–90.6) 0.046 0.016 *

Advanced sound
perception 11 92.5 (70.0–97.5) 10 95.0 (80.0–97.5) 9 97.5 (82.5–97.5) 0.159 0.237

Advanced speech
production 10 76.3 (54.4–90.0) 10 85.0 (70.0–93.1) 7 80.0 (67.5–91.3) 0.028 0.237

Self-esteem 10 65.0 (58.8–74.4) 9 72.5 (70.0–82.5) 9 75.0 (72.5–82.5) 0.107 0.051

Activity limitations 15 82.5 (71.3–86.3) 14 87.5 (80.6–95.0) 14 93.8 (85.6–97.5) 0.074 0.003 *

Social interactions 6 68.8 (58.8–76.9) 6 75.0 (69.4–82.5) 5 75.0 (72.5–77.5) 0.042 0.068

AHL

Basic sound
perception 18 56.3 (35.6–66.9) 18 65.0 (48.1–75.0) 17 72.5 (67.5–77.5) 0.005 * 0.001 *

Advanced sound
perception 19 72.5 (55.0–83.8) 17 82.5 (67.5–87.5) 18 78.8 (75.0–86.9) 0.006 * 0.001 *

Advanced speech
production 21 52.5 (35.0–75.0) 19 70.0 (52.5–80.0) 19 72.5 (62.5–85.0) 0.014 * 0.001 *

Self-esteem 19 60.0 (50.0–68.8) 14 70.0 (64.4–74.4) 17 72.5 (65.0–75.0) 0.016 * 0.010 *
Activity limitations 12 62.5 (45.6–75.6) 12 75.0 (69.4–80.6) 10 77.5 (71.9–79.4) 0.009 * 0.033
Social interactions 8 46.3 (27.5–60.0) 6 70.0 (63.8–72.5) 8 65.0 (58.1–69.4) 0.068 0.043

Unilateral

Basic sound
perception 42 35.0 (20.0–49.4) 39 62.5 (48.8–81.3) 36 71.3 (59.4–80.6) <0.001 * <0.001 *

Advanced sound
perception 35 70.0 (52.5–78.8) 36 82.5 (68.8–92.5) 30 83.8 (67.5–95.0) 0.008 * <0.001 *

Advanced speech
production 40 32.5 (15.0–48.1) 35 50.0 (38.8–61.3) 34 57.5 (48.1–64.4) <0.001 * <0.001 *

Self-esteem 41 42.5 (30.0–52.5) 35 65.0 (45.0–73.8) 35 62.5 (55.0–77.5) <0.001 * <0.001 *

Activity limitations 29 40.0 (30.0–70.0) 27 77.5 (55.0–86.3) 25 77.5 (75.0–85.0) <0.001 * 0.001 *

Social interactions 20 47.5 (27.5–55.6) 14 65.0 (52.5–73.1) 17 67.5 (60.0–77.5) 0.013 * 0.002 *
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Table A5. Percentage of participants from each group who reported using their CI at each range of
hours/day. AHL = asymmetrical hearing loss; SSD = single-sided deafness; Unilateral = unilateral CI
user with bilateral deafness.

Hours per Day

n 3–5 6–8 9–12 12–15 >15

AHL
Visit 2 19 0% 0% 36.8% 52.6% 10.6%

Visit 3 24 0% 0% 41.7% 50.0% 8.3%

SSD
Visit 2 16 0% 0% 12.5% 62.5% 25.0%

Visit 3 16 6.3% 6.3% 25.0% 50.0% 12.5%

Unilateral
Visit 2 49 0% 6.1% 32.7% 44.9% 16.3%

Visit 3 42 0% 2.4% 28.6% 57.1% 11.9%
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