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ABSTRACT

Background: Technological advancements in cochlear implant systems have shifted clinical focus from audibility restoration to functional
auditory and speech-language integration. However, the determinants of long-term developmental outcomes in children using bilateral slim
modiolar electrode systems remain underexplored. Objective: To examine longitudinal changes and predictive factors influencing auditory
performance and speech-language development in children implanted with bilateral CI632 slim modiolar electrodes and CP1150 sound
processors. Methods: A longitudinal observational study evaluated pediatric bilateral cochlear implant users at 6-, 12-, and 24-months post-
implantation. Functional outcomes were assessed using CAP, MAIS, MUSS, SIR, and speech perception in noise measures. Regression models
were applied to identify predictors of outcome variability. Results: Significant improvements were observed across all outcome measures over 24
months (p < 0.001). Age at implantation and duration of consistent device use were strong predictors of speech intelligibility and auditory
integration scores. Bilateral implantation demonstrated progressive enhancement in real-life listening behaviors. Conclusion: Early implantation
and consistent auditory-verbal therapy significantly influence long-term auditory and speech-language development in children using slim

modiolar electrode systems.
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INTRODUCTION

Cochlear implantation in children has evolved from providing sound
detection to facilitating functional communication competence. While
bilateral implantation improves spatial hearing and speech perception
in noise, less attention has been given to the developmental trajectory
ofauditory integration and speech intelligibility over time.

Technological refinements such as slim modiolar electrode arrays aim
to optimize neural proximity and current focusing. However, clinical
success depends not only on device features but also on age at
implantation, therapy consistency, and neural plasticity.

Understanding predictors of long-term developmental outcomes is
essential for evidence-based clinical decision-making. This study
investigates longitudinal auditory and speech-language development
in children with bilateral cochlear implants and examines influencing
factors.

MATERIALSAND METHODS
Study Design
Prospective longitudinal cohort study.

Participants

Children aged 3-12 years with bilateral severe-to-profound
sensorineural hearing loss implanted with CI632 electrodes and fitted
with CP1150 processors.

All participants underwent structured Auditory-Verbal Therapy for 12
months.

OUTCOME VARIABLES

Unlike the previous article (which emphasized localization), this study
focuses on:

1. Functional auditory integration (MAIS)

2. Expressive speech use (MUSS)

3. Everyday auditory performance (CAP)

4. Speech intelligibility progression (SIR)

5. Speech perception resilience in noise

RESULTS
1. Developmental Progression Over Time
Table 1: Longitudinal Functional Outcome Progression

Measure |6 Months (12 Months (24 Months |Significance
MAIS 18+4 28+5 35+3 p <0.001
MUSS 15+£5 26+ 4 34+4 p <0.001
CAP 32+1 51«1 6.5+0.8 p <0.001
SIR 2.1+0.6 |3.8+0.7 46+0.5 p <0.001

All measures demonstrated statistically significant improvement over
time.

2. Predictors of Outcome

Regression Analysis Revealed:

» Ageatimplantation significantly predicted SIR at 24 months (=-
0.62,p<0.01).

* Daily device usage hours significantly predicted MAIS
improvement (B=0.58,p<0.01).

»  Therapy consistency predicted MUSS progression (p <0.05).

3.Functional Listening in Noise
Table 2: Speech Perception Resilience In Noise

Condition 6 Months 12 Months 24 Months
Quiet 72% 80% 85%
+10 dB SNR 60% 70% 75%
+5 dB SNR 45% 55% 63%
0 dB SNR 28% 38% 48%

Progressive adaptation to complex listening environments was
observed.

DISCUSSION
Unlike cross-sectional outcome studies, this investigation emphasizes
developmental progression and predictive modelling.

Key Findings:
Early implantation enhances speech intelligibility outcomes.

Consistent device usage improves auditory integration.

Structured therapy significantly supports expressive language
development.

Bilateral stimulation supports adaptive listening in noise over time.

The results reinforce the role of neural plasticity and environmental
stimulation in pediatric cochlear implant outcomes.

CLINICALIMPLICATIONS

+ Implantation before critical language period improves
intelligibility.

*  Monitoring daily processor usage is clinically important.

¢ Therapy intensity directly impacts expressive speech outcomes.

¢ Outcome variability can be predicted and counseled.

CONCLUSION
Functional auditory and speech-language development in pediatric
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bilateral cochlear implant users progresses significantly over two
years. Age at implantation and therapy consistency are major
determinants of long-term communicative success.

This study shifts focus from device-based outcomes to developmental
trajectory and predictive factors, offering important insights for
clinical practice.
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