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Abstract: Background/Objectives: This study aimed to evaluate the progress in auditory
speech perception in a group of children with cochlear implants and additional disabilities,
whose implants were implanted at a public hospital in southern Chile between 2013 and
2019. This population has historically been excluded from research due to uncertainties
regarding their outcomes. Methods: All pediatric patients who received cochlear implants
between 2013 and 2019 were considered for inclusion. After obtaining informed consent,
relevant data were collected from their medical records. A total of 18 children met the
inclusion criteria. Data analysis was performed using Jamovi software. Results: The
minimum age at cochlear implant activation was 2 years, and the maximum was 16.1 years.
The median Category of Auditory Performance (CAP) score was 0 pre-implantation and
increased to 2 to 12 months post-implantation. Conclusions: Cochlear implantation pro-
vides clear benefits for children with additional disabilities. Although gains in auditory
perception may be limited in some cases, implantation enables access to the world of
sound. Even when oral language development is not fully achieved, parents frequently
report positive changes in their children’s interaction with their environment, suggesting
an overall improvement in quality of life.

Keywords: cochlear implantation; speech perception; deafness with additional disabilities;
pediatric implantation

1. Introduction

Hearing loss, or deafness, is defined as the inability to perceive sounds within normal
levels, especially at frequencies of 500, 1000, 2000, and 4000 Hz. According to the World
Health Organization (WHO), its prevalence in newborns has remained stable in recent
years [1]. However, the age of detection has decreased thanks to the implementation of
neonatal hearing screening programs [2,3], which allow for early intervention through
hearing aids or cochlear implants, leading to better outcomes in auditory perception and
language development.

In some cases, hearing loss is accompanied by other developmental disabilities, such
as autism spectrum disorder (ASD), cerebral palsy, global developmental delays, or genetic
syndromes. It is estimated that up to 40% of children with hearing loss have associated
conditions that may interfere with early detection and the implementation of effective
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auditory interventions. These comorbidities generate substantial clinical heterogeneity,
complicating the evaluation of outcomes and limiting the generalizability of existing
studies [4,5]. According to Nufiez-Batalla et al. [5], among individuals with deafness
and additional disabilities, 20% present with more than one associated condition. These
multiple disabilities can significantly hinder adequate progress in language development
due to their cumulative impact on communication abilities.

For many years, children with hearing loss and additional disabilities were excluded
from cochlear implant programs due to uncertainties about their outcomes [6,7]. However,
recent studies have shown that this intervention can produce significant benefits in auditory
perception, quality of life, and social interaction, even if gains in oral language development
are more modest [5,8,9]. In Chile, the gradual incorporation of cochlear implants into the
public health system has expanded access to more diverse populations, including children
with associated disabilities, provided that certain anatomical and functional criteria are
met [10-13].

Despite these advances, there remains a lack of research specifically analyzing cochlear
implantation outcomes in children with additional disabilities [6,8,14]. While it is recog-
nized that language development in this population is often lower compared to peers
with typical hearing, the extent to which an implant enables functional improvements in
auditory perception is still unclear [8]. This lack of evidence limits clinical decision-making
and family guidance [15,16]. Therefore, it is essential to study this specific group using
objective and contextually relevant measures.

In this context, the present study focuses on auditory speech perception—a core
component of language development and a key indicator of cochlear implant outcomes.
This ability can be evaluated using a range of clinically validated tests. In Chile, where this
study was conducted, assessment protocols typically include evaluations of suprasegmental
perception, vowel and consonant recognition, and open-set sentence lists, among others [17].
These tests generate scores that are classified according to the Categories of Auditory
Performance (CAPs), which provide insight into the listening skills acquired by individuals
using hearing aids or cochlear implants. The CAP scale, developed by Archbold et al. [18],
categorizes functional listening abilities along a hierarchical continuum—from the detection
of environmental sounds to understanding speech over the telephone with a familiar
interlocutor. Its simplicity and adaptability to children with limited verbal expression make
it a particularly valuable tool for clinical follow-up and outcome assessments across diverse
populations [5,19].

Beyond its clinical utility, the CAP scale is a user-friendly tool designed for straightfor-
ward application and interpretation, even by non-specialist professionals and caregivers.
It facilitates consistent monitoring of auditory development over time and allows for the
quantification of auditory receptive abilities in individuals with profound hearing impair-
ment within clinical contexts [20,21]. The scale assesses auditory perception across multiple
domains, including awareness, identification, and interpretation of auditory stimuli pro-
cessed by the central nervous system. Table 1 outlines the eight hierarchical levels of the
CAP scale, providing a structured overview of functional listening abilities.

This study aims to evaluate progress in auditory speech perception in a group of
children with hearing loss and associated conditions, 12 months after cochlear implant
activation. By focusing on a historically underrepresented population, this work seeks
to provide empirical evidence to guide future interventions, inform inclusive public pol-
icy design, and expand the understanding of cochlear implant benefits beyond spoken
language development.
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Table 1. Category of Auditory Performance.

0 No awareness of environmental sounds
1 Awareness of environmental sounds
2 Response to speech sounds
3 Identification of environmental sounds
4 Discrimination of some speech sounds without lip reading
5 Comprehension of common sentences without lip reading
6 Conversation comprehension without lip reading
7 Use of the telephone with a known speaker
Ref. [18].

2. Materials and Methods
2.1. Participants and Study Design

This was a longitudinal observational study involving pediatric patients who received
cochlear implants at Dr. Guillermo Grant Benavente Regional Clinical Hospital in Concep-
cién, Chile, between August 2013 and December 2019. The sampling was non-randomized
and based on convenience, limiting the sample to those who met the clinical and procedural
inclusion criteria. Of the 64 children who received cochlear implants during this period
through public health funding, 57 provided informed consent to participate. However,
only 18 met the full eligibility criteria for this study.

The discrepancy between the initial 57 and the final 18 participants was primarily
due to the following reasons: failure to meet specific eligibility criteria (e.g., absence of
associated disabilities or incomplete audiological data), inconsistent use of the cochlear
implant, and missing follow-up assessments 12 months post-activation. No control group
was included in this study due to its descriptive nature and focus on a historically under-
represented population.

2.2. Eligibility Criteria
Participants included in the final sample had to meet the following criteria:

- A confirmed diagnosis of severe or profound bilateral sensorineural hearing loss.

- At least one additional disability affecting neurodevelopment and/or a syndromic
diagnosis associated with HL.

- Anatomically intact auditory nerves and a cochlea without malformations, confirmed
via imaging.

- Receipt of a unilateral cochlear implant through the public health system.

- Completion of auditory speech perception assessments both pre-implantation and 12
months post-activation.

- Consistent use of the cochlear implant sound processor.

- No postsurgical complications requiring reimplantation.

2.3. Demographics

The final sample consisted of 18 children (6 girls and 12 boys), aged between 2.0 and
16.1 years at the time of cochlear implant activation. Additional diagnostic details are
provided in Table 2.
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Table 2. Additional disabilities.

Additional Disabilities Frequency % of Total % Accumulated
Global developmental delay 2 11.1% 11.1%
Autism spectrum disorder, cleft of soft and hard palates 1 5.6% 16.7%
Waardenburg syndrome 1 5.6% 22.2%
Autism spectrum disorder 1 5.6% 27.8%
Prematurity, microcephaly, hypothyroidism 1 5.6% 33.3%
Cerebral palsy (spastic tetraparesis), prematurity, 1 5.6% 38.9%
hydrocephalus, global developmental delay, epilepsy ' ’
Waardenburg syndrome, mild intellectual disability 1 5.6% 44.4%
Global deve.lopmental delay, hypotony, autism 1 5 6% 50.0%
spectrum disorder
Prematurity, cytomegalovirus, retinitis 1 5.6% 55.6%
Prem-aturl’Fy, g%o.bal developmental delay, 1 5.6% 61.1%
learning disability
Severe spinal cord aplasia, learning disability 1 5.6% 66.7%
Global developmental delay, learning disability 1 5.6% 72.2%
Extrapyramidal cerebral palsy, global developmental delay, 1 5.6 77 89
microcephaly, prematurity o o
Prematurity, mixed cerebral palsy 1 5.6% 83.3%
Prematurity, global developmental delay, strabismus 1 5.6% 88.9%
Prematurlty, severe hemolytic disease due to Rh- 1 5 6% 94.49%
mother, retinopathy
Usher syndrome, corneal dystrophy 1 5.6% 100.0%

2.4. Speech Perception Testing Procedures

Auditory speech perception was evaluated using speech perception tools recom-
mended by the Chilean Ministry of Health. These included assessments of suprasegmental
perception, vowel and consonant recognition, and sentence discrimination tasks. Based
on the combined results, each participant was assigned a corresponding CAP category.
All testing procedures were conducted by a certified speech and language pathologist at
the hospital.

The assessments were carried out during routine follow-up sessions, each lasting
between 45 min and 1 h, in a designated speech therapy room. Although the environment
was quiet, it was not acoustically treated. Auditory stimuli were presented verbally by the
speech—language therapist; however, the intensity of the stimuli was not quantified using
a sound level meter. Pre-implantation assessments were conducted within 1-2 months
prior to cochlear implant surgery, while post-implantation evaluations were performed
12 months after device activation, as part of the routine follow-up protocol.

2.5. Statistical Analysis

Descriptive statistics were used to summarize demographic and clinical data. The
distribution of key variables was assessed using the Shapiro-Wilk test, and due to non-
normality, non-parametric methods (Wilcoxon signed-rank test) were used to compare
CAP scores pre- and post-implantation.

All statistical analyses were conducted using Jamovi software (version 2.3.28). These
methods were chosen based on the nature of the data (ordinal and small sample size)
and were supported by recommendations from previous studies using CAP scales in
similar populations.
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3. Results

The final sample consisted of 18 children with a median age of cochlear implant
activation of 3.10 years (range: 2.0-16.1 years). The mean age at hearing loss detection
was 1.6 years (median = 0.9 years), although data for this variable were missing in two
cases. Table 2 summarizes the types and frequencies of additional disabilities present in the
study population.

At baseline (pre-implantation), most participants scored 0 on the CAP scale, indicating
no awareness of sound. Twelve months after cochlear implant activation, the median CAP
score increased to 2. The range of improvements observed was from 0 to 2 CAP levels, with
a median improvement of 1.

Table 3 summarizes these descriptive statistics and sample distribution. The 201 stan-
dard deviations indicate a high degree of dispersion in the age at detection, and 202 indi-
cates the age at implant activation, reflecting a wide range of values.

Table 3. Descriptive analysis of the sample.

A_DETEC A_Act CAP_Preimp CAP_Post Dif Pre-Post

N 16 18 18 18 18
Lost 2 0 0 0 0
Average 1.61 4.67 0.722 1.94 1.17
Median 0.950 3.10 0.00 2.00 1.00
Standard Deviation 1.53 3.83 1.07 1.06 0.707
Minimum 0.110 2.00 0 1 0
Maximum 5.00 16.1 3 5 2
Shapiro-Wilk W 0.782 0.721 0.706 0.796 0.807
Shapiro-Wilk p-value 0.002 <0.001 <0.001 0.001 0.002

A_DETEC: age detection HL/D; A_Act: age of activation CI; CAP_Preimp: CAP pre-implantation; CAP_Post:
CAP post-implantation; Dif_Pre-Post: difference between pre- and post-implantation.

Given the small sample size and non-normal distribution of the data (confirmed by
the Shapiro-Wilk test, p < 0.05), the Wilcoxon signed-rank test was used to compare audi-
tory perception scores before and after implantation. The analysis revealed a statistically
significant improvement in CAP score post-implantation (p < 0.001) as shown in Table 4.

Table 4. Wilcoxon signed-rank test.

Mean EE of the

CAP_Preimp CAP_Post

Statistic P Difference  Difference Effect Size
W of Biserial
0 0.002 <0.001 ~1.50 0.152 correlation ~1.00
Wilcoxon
of ranges

Note: H, uMeasure 1 — Measure 2 # 0. @ Two pairs of values were repeated.

Figure 1 illustrates the distribution of CAP scores before and after cochlear implanta-
tion. While improvements were observed among most participants, two children showed
no change in auditory perception over the 12-month period.

Figure 2 illustrates a smoothed regression curve depicting the relationship between
age at cochlear implant activation and improvement in auditory performance. A non-
linear trend was observed: children implanted before the age of four demonstrated a
steeper and more rapid trajectory of improvement. This was followed by a deceleration
in progress between ages four and eight, and a modest upward trend thereafter. These
patterns underscore the nuanced influence of age at implantation on auditory outcomes,
suggesting that the timing of activation may differentially impact auditory development
across age groups.
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Figure 1. Pre-/post-IC speech perception.
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Figure 2. Progress according to activation age.

The results indicate that the relationship between age at activation and improvement
in auditory speech perception is both complex and non-linear. The data suggest that the
effect of activation age on auditory gains varies across different developmental stages. This
may account for the presence of inflection points, where age activation appears to exert a
more pronounced influence on the degree of improvement observed.

4. Discussion

The results of this study support the existing literature indicating that cochlear implan-
tation provides measurable benefits in auditory perception for children with hearing loss
and additional disabilities [6,8,14,22]. After 12 months of device activation, most children
in the sample demonstrated progression on the CAP scale, with a median improvement
from 0 to 2. Although many remain in the lower Categories Of Auditory Performance, even
modest gains in this population are clinically meaningful given the complex neurodevelop-
mental challenges they face [5,23].

One of the most compelling findings was the non-linear relationship observed between
age at activation and auditory progress. While children implanted before the age of 4
generally showed faster and more consistent improvement [21,24], the data revealed a
second upward trend in progress among children implanted after age 8 [25]. This pattern
may reflect underlying neurodevelopmental heterogeneity or the influence of cumulative
auditory deprivation [26]. Although this trend has been alluded to in past studies, our
data highlights its significance in children with complex conditions and warrant further
investigation through modeling approaches like generalized linear mixed-effects models.

Moreover, the interplay between specific disabilities and auditory progress emerged
as a potentially important area of study. While our sample was not large enough to perform
subgroup analyses, anecdotal observations suggest that children with global developmental
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delay or visual impairments may respond differently than those with ASD or severe motor
impairments. For example, children with ASD showed more variability in CAP progression,
possibly due to attentional or behavioral factors. These trends merit further investigation
into larger, stratified samples [4-6,27].

Another novel contribution of this study is its contextual focus on a publicly funded
cochlear implant program in southern Chile, which has only recently begun including chil-
dren with additional disabilities. The results emphasize the value of expanding eligibility
criteria to include more diverse populations, as minimal auditory gains can enhance quality
of life and support nonverbal communication strategies in children with limited language
acquisition potential [5,6,8].

Although the findings align with previous reports that emphasize early implan-
tation as a key predictor of success [9,28,29], our data underscore that timing alone is
insufficient [5,6,8,15]. Individual developmental profiles, access to consistent auditory
training, and family involvement play equally important roles in auditory progress.
These factors should be considered in future studies and in clinical practice when
counseling families.

Despite its contributions, the study has several limitations. The small sample size
restricts the statistical power of our analysis and limits the generalizability of findings [6,14].
The absence of a control group precludes comparisons with children without additional
disabilities, making it difficult to isolate the impact of comorbidities on cochlear implant out-
comes. Additionally, while the CAP scale is a valid and widely used tool to assess auditory
performance [18,19], it may not capture subtle auditory behaviors or progress in preverbal
children. The integration of additional outcome measures, such as the IT-MAIS [30] or
LittlEARS [31], would provide a more comprehensive evaluation of auditory development.

Given these considerations, the results presented here support the value of cochlear
implantation in children with hearing loss and additional disabilities, even when progress
is modest by conventional standards. Achieving CAP categories 2 or 3 within the first year—
equivalent to responding to speech and recognizing environmental sounds—represents
a substantial improvement in auditory access. For children with severe neurodevelop-
mental challenges, this access may enhance environmental interaction, support nonverbal
communication strategies, and contribute meaningfully to overall development [4,5,32,33].
However, expectations regarding cochlear implant outcomes in this population must be
tailored to their individual developmental profiles. A strictly linguistic objective may
not always be appropriate. To capture the broader impact of auditory rehabilitation—on
quality of life, autonomy, and social participation—future research should incorporate
multidimensional assessments and family-centered outcome measures [7,14,32,34].

Future research should adopt more robust methodological approaches. Specifically,
the inclusion of a control group—such as children with cochlear implants but without
additional disabilities—would strengthen causal inferences. Studies should also employ
advanced statistical methods, such as generalized linear mixed-effects models, to bet-
ter model the effects of age at implantation, type of disability, training intensity, and
family involvement.

Beyond auditory perception, there is a growing need to evaluate broader and more
comprehensive outcome measures, including language development, cognitive function,
and quality of life. Multidimensional assessment tools and long-term follow-up beyond
12 months will provide a more complete picture of how cochlear implantation contributes
to the developmental trajectory of these children.

Lastly, future studies should examine the role of family support, early intervention
services, and educational inclusion as mediating factors in auditory and language outcomes.
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A family-centered, interdisciplinary approach remains essential to optimizing success in
this diverse and underrepresented population.

5. Conclusions

This study highlights the positive impact of cochlear implantation on auditory per-
ception in children with hearing loss and additional disabilities, even when improvements
appear modest on traditional scales. Although many participants remained in lower CAP
categories after 12 months, their increased awareness of environmental and speech-related
sounds represents a meaningful step toward greater communication and interaction with
their environment.

These findings support the inclusion of children with complex developmental pro-
files in cochlear implant programs, provided that expectations are tailored and support
systems are in place. Early implantation, consistent use of the device, and individualized
auditory rehabilitation appear to be key factors in promoting auditory progress in this
diverse population.
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