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TECHNICAL REPORT
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ABSTRACT
Objective: This study evaluated the outcomes of the Oticon Medical Neuro Zti cochlear implant and the
Neuro 2 sound processor.
Design: Neuro One users were upgraded to Neuro 2. Monosyllabic word identification was evaluated in
adults with Neuro One after �5months, with Neuro 2 at upgrade, and with Neuro 2 after 3months. Self-
reported listening ability, satisfaction, and usability were measured in adults and children.
Study sample: Participants were 44 adults and 26 children.
Results: Speech identification scores in quiet and noise were 58% and 45% with Neuro One and 67%
and 55% with Neuro 2 after 3months, respectively. Hearing impairment duration and number of active
electrodes significantly predicted speech identification in noise with Neuro 2. Significantly higher ques-
tionnaire ratings were obtained for Neuro 2 than Neuro One regarding listening ability in complex listen-
ing situations, comfort and music, as well as nine aspects of satisfaction and usability.
Conclusion: This study demonstrates the clinical superiority of the Neuro 2 sound processor over Neuro
One in terms of speech identification in quiet and in noise and reported patient benefit and satisfaction.
Given the study design, sources of improvement may include factors unrelated to the sound proces-
sor itself.
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Introduction

Upgrade of cochlear implant sound processors

Since the first cochlear implants, tremendous improvements have
been made to the implant systems, to surgical techniques, and to
rehabilitative care, leading to constantly improving outcomes for
their users. Developments in electrode design, coding strategies,
and sound processing features have led to increased benefits
(Blamey et al. 2013; Di Lella et al. 2010; Lazard et al. 2010). As a
result, patients can often benefit from an upgrade of their sound
processor (Mauger et al. 2014; Mosnier et al. 2014; Plasmans
et al. 2016).

Studies showing that cochlear implant users can benefit from
newer sound processors typically use a paired research design
where within-subject comparisons are made after a habituation
period to the new sound processor (e.g. Mauger et al. 2014;

Mosnier et al. 2014; Plasmans et al. 2016). The present study
concerns the latest cochlear implant system of Oticon Medical
(Smørum, Denmark), which the following section describes.

Oticon Medical neuro cochlear implant system

Oticon Medical has developed a cochlear implant system consist-
ing of the Neuro Zti implant and the Neuro sound processor ser-
ies (first generation: Neuro One; second generation: Neuro 2). The
small and robust Neuro Zti implant has been available since 2015.
A titanium flat base and a zirconia casing protect its receiver,
which is fixed to the temporal bone with a dedicated fixation sys-
tem using two titanium screws (Guevara et al. 2010). The Neuro
Zti implant uses a stimulation mode that combines a common-
ground and a monopolar pathway. It uses pseudo-monophasic
electrical pulses with an anodic active phase and a capacitive
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discharge for charge balancing (Cogan 2008). The pulse amplitude
is fixed, and the pulse duration is modulated to code loudness
(Di Lella et al. 2010). The Neuro Zti implant is compatible with
two electrode arrays, the Classic and the EVO, both with
20 channels.

Neuro one sound processor

The sound processor Neuro One became available in 2015.
Compared to its predecessors, the Digisonic series (Bergeron and
Hotton 2016), it offers Coordinated Adaptive Processing (CAP),
which includes wide input dynamic range signal acquisition and
constant automated environment detection from the Inium
Sense platform that selects several signal processing strategies
including Voice Track (noise reduction) and Voice Guard (out-
put compression). Voice Track uses Wiener filter-based multi-
band single-channel noise reduction to significantly improve
speech intelligibility in noise as well as sound quality (Guevara
et al. 2016). Voice Guard applies back-end, post-spectral analysis
compression to lead to a wide input dynamic range of up to
80 dB to maximise available information from the input signal.
Voice Guard has been shown to improve identification of both
soft and loud speech in 20 adult patients, compared to logarith-
mic wide-band compression (Lorenzi et al. 2004; Bozorg-Grayeli
et al. 2016). Other features found to be useful for hearing aid
users, namely Free Focus (automatic adaptive directionality) and
Wind Noise (dual-microphone wind noise reduction algorithm),
are borrowed from Oticon’s hearing aids. For more information
regarding CAP, see Segovia-Mart�ınez, Gnansia and Hoen (2016).

Neuro 2 sound processor

Neuro 2 has been available since 2018: signal processing and
coding strategies are unchanged from Neuro One to Neuro 2.
Neuro 2 introduces improved design with smaller size and
lighter weight as well as new powering options such as recharge-
able batteries. Several studies have shown that visual appearance,
wearing comfort on the ear, and robustness/reliability were key
drivers for cochlear implant choices for both adults and parents
of children (Chundu and Stephens 2013; Clamp et al. 2013;
Geyer et al. 2006).

Whilst Neuro One is powered by two non-reusable 675 zinc-
air batteries with life of approximately 3 days, in addition Neuro
2 can be powered by rechargeable lithium-ion batteries: the user
can choose between a smaller battery (120 mAh) with life of
approximately 1 day or a larger battery (200 mAh) with life of
approximately 2 days. Neuro 2 incorporates additional ergonomic
and mechanical design features, including more resistant micro-
phones and antenna cables and a facility to check that the micro-
phones are working, that are especially relevant for children.

Whilst professionals adjust the Neuro One with the DigiMap
4.0 fitting software, professionals adjust the Neuro 2 with a new
fitting software, Genie Medical CI. The user interface of the new
software was designed to facilitate adjustments of CI parameters.

Rationale for the study

This study upgraded habituated users of the Oticon Medical
Neuro One sound processor to the Neuro 2 sound processor.
These are the first published results pertaining to the Neuro 2
cochlear implant system. To quantify real-world clinical effective-
ness of the Neuro 2, a clinical study with a large and

heterogenous sample of participants composed of both adults
and children cochlear implant users was conducted.

The study adopted a repeated-measures crossover within-sub-
jects design. However, treatment order was not counterbalanced:
all participants were Neuro One users at enrolment and were
upgraded to Neuro 2. Word identification in quiet and in noise
was measured before and after the sound processor upgrade
from Neuro One to Neuro 2. Although there are no changes to
the signal processing and coding strategies between Neuro One
and Neuro 2, we expected that the standard clinical care that
patients received during the study procedure and the mapping
changes including activation of sound processing features
described above would lead to improved performance, self-
reported listening ability, and satisfaction and usability.

Both adults and children were included as it was of interest
to assess user satisfaction and usability towards the Neuro 2
sound processor both in adults and in children. We hypothesised
that the sound processor upgrade would lead to greater satisfac-
tion and usability. Word identification was measured in adults
(�15 years old) only because development of speech and lan-
guage is expected in children during the habituation period. This
confounding factor cannot be controlled for and can lead to
biases. Furthermore, it was of interest to recruit children of all
ages and therefore some children would not have been able to
complete a speech identification task.

Aim of the study

This study had two aims related to the upgrade of patients from
the Neuro One to the Neuro 2 sound processors together with
the provision of standard clinical care: (1) Document any
changes in speech identification scores in adults, and (2)
Document any changes in satisfaction towards self-reported lis-
tening ability, satisfaction, and usability in adults and children.

Materials and methods

Participants

All enrolled participants were: (1) recipients of one or two
Oticon Medical cochlear implant Neuro Zti from one of the par-
ticipating centres, (2) users of the Neuro One sound processor
for �5months at enrolment, (3) eligible for universal health
coverage through France’s social security, and (4) able to under-
stand both oral and written French. There were no age restric-
tions on participation.

Study design and procedures

Nine French cochlear implant centres were included, located in
Bordeaux, Lille, Lyon, Nancy, Nantes, Paris (Piti�e-Salpêtri�ere and
Necker Hospital for Sick Children), and Nice (Nice University
Hospital and Nice-Lenval).

Each centre invited their patients who met the inclusion crite-
ria to take part in the study. Patients who agreed to participate
attended three study visits over 3.5months to replace their
Neuro One sound processor with the Neuro 2 sound processor,
to perform any required adjustments to the Neuro 2 sound pro-
cessor, and to measure outcomes. Participants, or their parents
in the case of children, provided written informed consent before
enrolment. The study was conducted in accordance with the
Declaration of Helsinki and the ethics committee Comit�e de
Protection des Personnes Est-III approved its design and methods

154 V. FRANCO-VIDAL ET AL.



(IRB: 2017-A01188-45). The study was registered in the U.S.
National Library of Medicine clinical trial database
(NCT03288753). Participants kept their Neuro 2 sound processor
after the end of the study and their travel expenses were reim-
bursed. Participants received no other financial incentive.

Each participant attended three study visits. The testing and/or
questionnaire time for each study visit lasted approximately
45minutes for adults and 15minutes for children. Participants, or
their parents in the case of children, completed the questionnaires.

Visit 1. For adult participants, speech identification was tested
with the Neuro One sound processor. The participants com-
pleted the listening ability questionnaire as well as the
satisfaction and usability questionnaire for the Neuro One
sound processor.

Visit 2 (15 days after Visit 1). The patient’s sound processor
was upgraded from Neuro One to Neuro 2. For adult partici-
pants, speech identification was tested with the Neuro 2 sound
processor. The participants completed the listening ability ques-
tionnaire as well as the satisfaction and usability questionnaire
for the Neuro 2 sound processor. The scores of the Visit 2 ques-
tionnaires are not reported as participants had not benefited
from enough experience with their Neuro 2 sound processors to
be able to provide reliable results.

Visit 3 (3months after Visit 2). For adult participants, speech
identification was tested with the Neuro 2 sound processor. The
participants completed the listening ability questionnaire as well
as the satisfaction and usability questionnaire for the Neuro 2
sound processor.

Cochlear implant mapping

Patients received standard clinical care. Adult patients were fitted
with at least two programmes to cover their listening needs: one
programme for quiet environments, which was used for the
speech identification task in quiet, and one programme for noisy
environments, which was used for the speech identification task
in noise. (Adult patients who had difficulty handling the sound
processor were fitted with a single programme.) The settings of
the programmes varied from one participant to another, based
on their needs and preferences, but the main difference for most
patients was more noise reduction and more directionality in the
noise programme: Voice Track can be set as off, low (20% sup-
pression factor), medium (50% suppression factor), or high (70%
suppression factor; Guevara et al. 2016). As this was a clinical
effectiveness trial, participants were tested with their usual pro-
grammes. If required, some fine-tuning of the cochlear implant
maps to address any reported patient needs could occur at
planned or extra visits. Twelve participants required extra visits
between Visit 2 and Visit 3.

Measures

Speech identification in quiet and in noise

Speech identification was tested in a cochlear implant-only con-
dition in adult participants, i.e., participants with hearing aids
removed those for the speech identification test. An open-set
monosyllabic word identification task was used. The French
Lafon cochlear implant word lists (Lafon 1972) were presented
in a sound-proof test booth at 65 dB SPL from a front loud-
speaker located one metre away from the participant. Each word
contains three phonemes. The recording contains 20 lists of 17
words per list and examples of words include: fil (thread), mur

(wall), and vol (flight). Two conditions were tested: in quiet and
in noise. For the noise condition, in addition to the monosyllabic
words, a speech-shaped noise was presented at 55dB SPL from the
same front loudspeaker (signal-to-noise ratio SNR of þ10dB).

At each of the three visits, in each of the two conditions
(quiet and noise), patients were presented with two lists of
monosyllabic words, for a total of 34 words per condition. Each
patient was presented with a total of 12 lists (three visits x two
conditions x two lists per condition per visit): lists were picked
at random and, to reduce learning effects, no patient was pre-
sented with the same list twice. Word order within each list was
however not counterbalanced. The percentage of correctly identi-
fied phonemes for each test condition was scored.

Listening ability questionnaire

A 16-item questionnaire was custom made to measure self-
reported listening ability in different real-life listening situations
(see Supplementary Appendix A for English translation from the
authors; please contact the authors for more information).
Example items include “In a quiet environment, I can have a con-
versation with someone I know, for example a family member or
friend” and “On the telephone I can understand someone I do
not know”. Seven response options were provided: Strongly dis-
agree, Disagree, Slightly disagree, Neither agree nor disagree,
Slightly agree, Agree, and Strongly agree. Response options were
coded from 1 to 7, with higher scores representing better listen-
ing ability.

Satisfaction and usability questionnaire

A 30-item questionnaire was custom made to measure satisfac-
tion and usability with the Neuro 2 sound processor. The ques-
tionnaire was developed as no validated measure of sound
processor satisfaction and usability was readily available. The
items were designed to tap into four topics: (1) size and appear-
ance, (2) battery options, (3) handling and usability, and (4) ben-
efits reported by the user and by family and friends. Examples of
items include “I am satisfied with the size and appearance of my
sound processor” and “It is easy for me to change the battery of
my sound processor”. We focus the reporting on 15 items for
which seven response options were provided: Strongly disagree,
Disagree, Slightly disagree, neither agree nor disagree, Slightly
agree, Agree, and Strongly agree. Response options were coded
from 1 to 7, with higher scores representing higher satisfaction
and usability.

Data analysis

A two-way repeated measures analysis of variance (ANOVA)
investigated the effect of condition and study visit on speech
identification scores in quiet and in noise. Post hoc Tukey’s tests
were performed. Prior to running the ANOVA, assumptions
were confirmed with Kolmogorov–Smirnov’s test showing nor-
mal distribution of the dependant variables, probability plots
(residuals and expected values, showing normal distribution of
the residuals), and Levene’s test showing homogeneity of varian-
ces (homoscedasticity).

A multivariate analysis, that is, a linear regression model, was
conducted to identify the significant predictors of speech identifi-
cation scores in noise with the Neuro 2 after three months. Six
potential predictors were identified: age, duration of hearing
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impairment, duration of CI experience, duration of Neuro
experience, number of active electrodes, and CI configuration
(CI unilateral with or without contralateral HA and bilateral CI).
A full model approach was used: all six potential predictors were
entered at once in the linear regression model.

A factor analysis with varimax rotation was conducted on the
listening ability questionnaire scores. Three factors had eigenvalues
greater than 1. The factor scores were normally distributed
(Shapiro-Wilk test not significant), and therefore, t-tests were con-
ducted to compare factor scores with the Neuro One and with the
Neuro 2 after 3months, combined for adults and children.

Wilcoxon signed-rank tests were used to compare scores on
the satisfaction and usability questionnaire with the Neuro One
and after 3months with the Neuro 2, combined for adults and
children. A non-parametric test was used as the scores were not
normally distributed.

Missing data were not imputed. Factor scores on the listening
ability questionnaire were averaged across the data available for
each participant. Analyses were run with the statistical package
Statistica 13.

Results

Table 1 presents the 70 participants in terms of their demo-
graphics, whether hearing impairment (in the implanted ear in
case of unilateral implantation) occurred before or after language
acquisition and its duration, as well as a summary of their coch-
lear implant history. A total of 44 adults and 26 children were
recruited. The sample reflects the characteristics of the popula-
tion of cochlear implant users in France. Hearing impairment
occurred post-lingually for most adults, but pre-lingually for
most children. Most adults were implanted in one ear only, while
most children were implanted in both ears. Of the 41 partici-
pants implanted unilaterally, 28 used a contralateral hearing aid.
Participants had on average used their Neuro One sound pro-
cessor(s) for 9–10months. Implants had between 7 and 20 active
electrodes. For participants implanted bilaterally, if the number
of active electrodes was different in both implants, an average
was calculated.

Minor recruitment deviations from the protocol

Recruitment resulted in three minor deviations from the proto-
col. First, the protocol proposed to recruit 90 participants (45
adults and 45 children), while it was only possible to recruit 70
participants (44 adults and 26 children). Second, one teenager
aged 16 was inadvertently included in the group of children,
although the protocol stated that participants �15 years old
should be included in the group of adults: the consequence is
that this participant did not complete the word identification
task. Third, one child aged 2 with 3months of experience with
the Neuro One was included in the study, although the protocol
stated that participants should have �5months of Neuro experi-
ence. The research team chose to keep this participant’s data in
the analyses as the children in this study did not complete word
identification task and therefore habituation to the Neuro One
sound processor was not as critical for children as for adults.

Speech identification in quiet and in noise

Figure 1 reports open-set monosyllabic word identification per-
formance in quiet and in noise (þ10 dB SNR) for the adult par-
ticipants. As expected, performance in terms of % of correctly
identified phonemes was better in quiet (mean of 58.3% SD ¼
22.7% and 67.4% SD ¼ 19.3% for Neuro One and Neuro 2 after
3months, respectively) than in noise (mean of 44.5% SD ¼
23.1% and 54.8% SD ¼ 20.8% for Neuro One and Neuro 2 after
3months, respectively).

A repeated-measures ANOVA showed that both the factors
condition [F(1,38) ¼ 116.0, p< 0.001] and study visit [F(2,76) ¼
18.0; p< 0.001] were significant, while the interaction condi-
tion�study visit was not significant [F(2,76) ¼ 0.49; p¼ 0.62].
Post hoc Tukey tests revealed that speech identification in quiet
was significantly higher at Visit 2 (Neuro 2; p¼ 0.01) and at
Visit 3 (Neuro 2 3months later; p< 0.001) than at Visit 1
(Neuro One). The improvement in scores in quiet from Visit 2
to Visit 3 did not reach statistical significance. Furthermore,
speech identification in noise was significantly higher at Visit 2
(Neuro 2; p¼ 0.008) and at Visit 3 (Neuro 2, 3months later;
p< 0.001) than at Visit 1 (Neuro One), and significantly higher
at Visit 3 (Neuro 2, 3months later; p¼ 0.003) than at Visit 2
(Neuro 2).

The partial eta-squared was calculated to describe effect size:
for condition partial g2 ¼ .75 and for study visit, g2 ¼ .32. An
effect leading to g2 > .14 is considered large (Cohen 1988).

Factors associated with speech identification in noise with
neuro 2

The following six factors were considered as potential predictors
of speech identification in noise with the Neuro 2 after 3months:
age, duration of hearing impairment, duration of CI experience,
duration of Neuro experience, number of active electrodes, and
CI configuration (CI unilateral with or without contralateral HA
and bilateral CI). These six potential predictors were entered
into a linear regression model which included 40 participants, as
speech identification in noise scores were available for 41 of the
44 adults and duration of hearing impairment was missing for
one of these participants.

The model was significant with F (6, 33) ¼ 2.91: number of
active electrodes (b¼ 0.43, p¼ 0.006) and hearing impairment
duration (b ¼ �0.31, p¼ 0.045) remained significant for an
adjusted R2 of .23. In other words, speech identification in noise

Table 1. Description of the 70 participants.

Adults (n¼ 44) Children (n¼ 26)

Demographics
Gender n (%)
Male 22 (50%) 13 (50%)
Female 22 (50%) 13 (50%)

Age, in years mean (SD) [range] 57.2 (15.2) [23–80] 5.0 (3.3) [2–16]
Hearing impairment
Onset n (%)
Pre-lingual 4 (9%) 24 (92%)
Post-lingual 40 (91%) 2 (8%)

Duration, in years mean (SD) [range] n¼ 43
22.2 (15.2) [1.5–68]

4.4 (3.0) [1.5–15]

Cochlear implantation
Type
Unilateral NeuroZTi 30 (68%) 11 (42%)
Controlateral hearing aid 20 (67%) 8 (73%)
Bilateral NeuroZTi 14 (32%) 15 (58%)

Experience with Neuro
One sound processor, in months
mean (SD) [range]

9.9 (4.9) [5–24] n ¼ 22
9.4 (5.3) [3–26]

Active electrodes, out of
potential 20 mean (SD) [range]

18.2 (1.8) [14–20] n ¼ 16
18.9 (3.2) [7–20]

This is reported for 44 adults and 26 children. If data were missing, the effective
sample size is reported.
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in this population of adult Neuro 2 cochlear implant users
increases with number of active electrodes and decreases with
hearing impairment duration. However, the model accounts for
only approximately 23% of the variance observed in speech iden-
tification scores in noise.

Listening ability

We ran a factor analysis with varimax rotation on the listening
ability questionnaire. Three factors had eigenvalues greater than
1: we named these factors simple listening situations (5 items),
complex listening situations (6 items), and music and comfort (5

items). For each participant, we computed an average percentage
score for each factor with Neuro One and also with Neuro 2.

Average listening ability was for the simple listening situations
factor 70.4% for Neuro One and 72.7% for Neuro 2, for the com-
plex listening situations factor 60.4% for Neuro One and 62.9%
for Neuro 2, and for the music and comfort factor 59.0% for
Neuro One and 64.4% for Neuro 2. Figure 2 portrays these
results. We ran paired t-tests for each factor. Scores with Neuro
2 proved to be significantly higher than scores with Neuro One
for the factors complex listening situations (t¼ 3.14, p¼ 0.003)
and music and comfort (t¼ 3.25, p¼ 0.002), but not for the fac-
tor simple listening situations (t¼ 1.53; p¼ 0.131).

Neuro One
N = 64

Neuro 2
N = 60

Neuro One
N = 67

Neuro 2
N = 61

Neuro One
N= 64

Neuro 2
N= 61

0

20

40

60

80

100

%
sc

or
es

on
lis

te
ni

ng
ab

ili
ty

qu
es

tio
nn

ai
re

co
m

bi
ne

d
fo

ra
du

lts
an

d
ch

ild
r e

n

Factor
“simple listening 

situations”
6 items

Factor 
“complex listening 

situations”
5 items

Factor 
“music 

and comfort”
5 items

Figure 2. Box-plot of self-reported listening ability scores for the Neuro One and the Neuro 2 sound processors for the three factors, combined for adults and chil-
dren. The middle line represents the median, theþ sign, the mean, the lower and upper boundaries of the boxes, the 25th and 75th percentiles, the whiskers, the 5th

and 95th percentiles, and the dots, the outliers. As some data were missing, the number of data points is reported.

Neuro One
N = 44

Neuro 2
at upgrade

N = 43

Neuro 2
3 months later

N = 41

Neuro One
N = 44

Neuro 2
at upgrade

N = 43

Neuro 2
3 months later

N = 41

0

20

40

60

80

100

M
on

os
yl

la
bi

c
w

or
ds

(o
pe

n-
se

t)
%

co
rr

ec
tp

ho
ne

m
e

id
en

tif
ic

at
io

n

Quiet Noise
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Satisfaction and usability

Nine of the 15 items showed significantly greater satisfaction and
usability with the Neuro 2 compared to the Neuro One. These
items target size and appearance (Z¼ 5.48, p< 0.001), wearing com-
fort (Z¼ 4.36, p< 0.001), clarity of instructions (Z¼ 2.49, p¼ 0.01),
battery lifetime (Z¼ 4.86, p< 0.001), battery options (Z¼ 5.76,
p< 0.001), ease of changing battery (Z¼ 2.02, p¼ 0.04), antenna
retention (Z¼ 2.95, p¼ 0.003), robustness of the sound processor
(Z¼ 2.52, p¼ 0.01), and robustness of the accessories (Z¼ 3.30,
p< 0.001). Figure 3 presents results for these nine questionnaire
items for all participants. For the other six items, ratings did not
differ significantly between the Neuro One and the Neuro 2: these
covered ease of changing volume, ease of changing programme, ease
of replacing cable, overall ease of use, benefit reported by others, and
overall satisfaction (all ps > 0.05).

Discussion

Summary of results

This is the first report of outcomes with the Oticon Medical
Neuro 2 sound processor. This multicentric clinical evaluation
measured outcomes in 44 adults and 26 children at three study
visits: with the Neuro One sound processor after �5months of
usage, with the Neuro 2 sound processor at upgrade, and with
the Neuro 2 sound processor after 3months of use. In adults,
speech identification in quiet shows scores of 58% with Neuro
One and 67% with Neuro 2 after 3months. In noise, scores were
45% with Neuro One and 55% after 3months with Neuro 2.
Self-reported listening ability was significantly improved in com-
plex listening situations as well as for music and comfort. In
adults and children, Neuro 2 led to high levels of satisfaction
and usability, with the smaller size and weight, introduction of
rechargeable batteries, usability, and robustness all appreciated.

Differences observed in speech identification results

Speech identification results were significantly better with Neuro
2 than with Neuro One and the effect size was large. As the
available signal processing and coding strategies are the same in
both sound processors, this could appear surprising. However, at
least three reasons could explain this difference in scores.

First, as mentioned above, participants received standard clin-
ical care during the study and were tested with their usual

programmes. Although this was not measured systematically for
all participants, there was a tendency for more signal processing
to be applied in the Neuro 2 programmes than in the Neuro
One programmes, that is, the CAP signal processing features
were more likely to have been engaged in the Genie Medical CI
fitting software. This is because patients reported during the
study visits 2 and 3 needs that more signal processing, for
example, automatic adaptive directionality and noise reduction,
could address and because the new fitting software, Genie
Medical CI, eases professionals’ adjustments of parameters. The
professionals involved in the study reported adjusting the maps
of most participants during the study. It is possible that refining
of the maps led to significantly improved outcomes.

Second, participants benefited from 3.5months of extra CI
experience from Visit 1 to Visit 3. Most participants had less
than one year of Neuro One experience at enrolment, yet a pre-
vious study showed that CI users improved their speech identifi-
cation ability over the year following implantation (Lazard et al.
2010). The Neuro One outcomes at Visit 1 might have been
measured too early and therefore not a real representation of a
plateau in performance or habituation. Performance could also
have improved due to increased experience with the test proce-
dures (i.e. procedural learning).

Third, hearing aid device users are motivated to perform well
with new technology: they do better in speech tests when they
believe they are trialling new hearing aids (Dawes et al. 2011;
2013). This supports the idea that speech identification tests are
a behavioural measure sensitive to motivation as the Framework
for Understand of Effortful Listening underlines (Pichora-Fuller
et al. 2016). As the participants in this study were not blinded to
the sound processor with which they completed the speech iden-
tification task, they might have been motivated to perform better
with the latest sound processor.

Comparisons with other studies

Another recent multicentric evaluation, this time of the latest
Cochlear Nucleus CI532 cochlear implant system, recruited
patients from several countries and their French patients were
tested after 6months of CI experience with the same Lafon mono-
syllabic words as in the present study and with the same scoring
at the phoneme level (Hey et al. 2019). It should be noted that the
words were presented at 65dB SPL in the present study, while
they were presented at 60 dB SPL in the Hey study. While the
samples and the test conditions were slightly different, and

Figure 3. Satisfaction and usability scores for the Neuro One and the Neuro 2 sound processors, combined for adults and children. As some data were missing, the
number of data points is reported.
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therefore, direct comparisons should not be attempted, the 40
patients of the Hey et al study scored on average 55–60% in quiet,
which is comparable to the results of the present study. Earlier
studies have scored Lafon words at the word level therefore lead-
ing to lower scores that are not directly comparable to the present
study (e.g. Esquia Medina et al. 2013; Mosnier et al. 2017).

Importance of number of active electrodes and
deafness duration

When investigating factors related to speech identification in
noise in the sample of 44 adults, number of active electrodes was
positively correlated and deafness duration was negatively corre-
lated with the outcome. This follows the results of a retrospective
study of over 2000 patients showing the importance of these fac-
tors towards outcomes (Blamey et al. 2013; Lazard et al. 2012).
Although the maximal number of channels that cochlear implant
users can derive benefits from is open to debate, some recent
work suggests that this could be at least 20 active electrodes
(Croghan, Duran and Smith 2017).

Self-reported listening ability, satisfaction, and usability

Adults and children reported greater listening ability for two of
the three factors identified in the factor analysis, that is, complex
listening situations as well as music and comfort.

Furthermore, adults and children reported higher satisfaction
and usability with several aspects of the Neuro 2, compared to the
Neuro One: size and appearance, wearing comfort, clarity of
instructions, battery lifetime, options (rechargeable and single-use),
and changing ease, antenna retention, and robustness of the sound
processor and accessories. This shows how both adult users and
parents of paediatric users highly value the appearance, wearing
comfort, and robustness of cochlear implant sound processors
(Chundu and Stephens 2013; Clamp et al. 2013; Geyer et al. 2006).

Strengths and limitations. This study benefited from a multicen-
tric design where participants were recruited from nine cochlear
implant centres. In total, 44 adults and 26 children participated
in three study visits spread over 3.5months.

However, the clinical effectiveness approach means that a heter-
ogenous sample of participants was recruited. Standard clinical
practice was followed and maps were adjusted during the study,
and therefore participants did not complete the speech identifica-
tion tasks with the same signal processing settings. Furthermore,
some participants received fine-tuning during the study whilst
others did not, based on their expressed needs. Also, it could have
been interesting to counterbalance treatment order (Neuro One ver-
sus Neuro 2) or to repeat another round of measures with Neuro
One to isolate the effects of signal processing versus habituation;
however, this was beyond the scope of this observational upgrade
study. Furthermore, it would have been interesting to test patients
not only in a cochlear implant only configuration, but also in a
best-aided configuration, i.e., with a contralateral hearing aid for the
28 patients (40% of the sample) who wore one. This could have led
to a different pattern of results. Nonetheless, this study summarises
realistic outcomes in a mixed caseload of cochlear implant users
with a recent sound processor.

It would also have been relevant to use a validated measure
of listening ability, such as the 60-item Nijmegen Cochlear
Implantation Questionnaire (NCIQ; Hinderink, Krabbe and Van
Den Broek 2000), which measures quality of life, or more

specifically physical, psychological and social functioning. This
would have allowed comparisons between results of the present
study with those of other studies. However, it would have
resulted in participants having to complete a total of almost 100
items, which is why we created a shorter 16-item custom ques-
tionnaire to measure listening ability. Interestingly, two of the
factors that emerged from our factor analysis, Simple listening sit-
uations and Complex listening situations, are equivalent to two of
six factors of the NCIQ. In our sample, music and comfort
loaded into a separate factor, while it is part of the advanced
sound perception factor in the NCIQ. The new Cochlear Implant
Quality of Life instruments (CIQOL; McRackan et al., Cochlear
Implant Quality of Life Development Consortium 2019), which
were carefully developed, show strong psychometric properties,
and are available in a version with 35 items and a version with
10 items, are very relevant measures for future similar studies.

Future research should also include adaptive tasks of sentence
comprehension in noise such as the Vocale Rapide dans le Bruit
(VRB), a French version of the QuickSpeech-In-Noise (SIN) Test
(Leclercq, Renard and Vincent 2018). While the speech test
reported here, the Lafon monosyllabic words, was performed at a
fixed SNR in a speech-shaped noise, the VRB test is adaptive
and therefore performed at different SNRs in a four-talker babble
noise, making its results particularly informative of functioning
in different listening situations.

Conclusion

The latest sound processor of Oticon Medical, Neuro 2, enables
speech identification in quiet and in noise for adults and leads to
high levels of patient satisfaction both for adults and children.
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