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A B S T R A C T

Objectives: This study aimed to evaluate the impact of Auditory Verbal Therapy (AVT) on spoken language and 
pragmatic skills five years after cochlear implantation in children enrolled in rehabilitation programs of varying 
durations (0, 1, 3 years).
Methods: The design was a retrospective cohort study, including 87 children with cochlear implants, grouped 
based on the duration of AVT: 19 in the 0-year group, 33 in the 1-year group, and 35 in the 3-year group. 
Language and pragmatic skills were assessed five years post-implantation, using the Clinical Evaluation Language 
Fundamentals.
Results: Significant differences were found in language development five years post-implant, with children 
receiving 3 years of AVT achieving higher Core Language Scores (CLS) and Expressive Language Index (ELI) 
scores than those with 0 or 1 year of AVT. No significant differences were found between the 0- and 1-year 
groups. The percentage of children performing within the normal range increased from 47 % (CLS) and 53 % 
(ELI) in the 0-year AVT group, to 61 % (CLS + ELI) in the 1-year AVT group, and 83 % and 80 %, respectively, in 
the 3-year AVT group. No group differences were found in pragmatic skills.
Conclusion: This study underscores the critical importance of early and extended AVT in facilitating optimal 
language development in children with cochlear implants. After five years, children who received 3 years of AVT 
continued to outperform those who received only 0 or 1 year of AVT. Longitudinal studies are needed to assess 
whether the effects of AVT on language and pragmatic skills persist or evolve over time.

1. Introduction

Children born today with severe-to-profound hearing loss can 
develop age-appropriate spoken language abilities and most of the 
children attend mainstream schools with their normal-hearing peers 
[1–5]. This progress is largely attributable to early diagnosis through 
neonatal hearing screening (NHS), timely access to advanced digital 
Hearing Aids (HA), and bilateral Cochlear Implants (CI) if required, 
combined with enrolment into family-centered auditory-verbal inter
vention [6,7]. The importance of early identification and intervention is 
underscored by the 1-3-6 benchmarks [8], and supported by extensive 
research showing that children implanted before 12 months of age 
achieve significantly better language outcomes than those implanted 
later [9–12]. Implantation between 6 and 9 months is considered safe 
and may reduce the effects of auditory deprivation while promoting 

more natural and synchronized language development [13–15]. In 
addition, etiology may influence language outcomes. Certain etiologies, 
such as congenital Cytomegalovirus (cCMV) or syndromic hearing loss, 
have been associated with slower or more variable language develop
ment [16,17]. Considering these factors allows for more accurate 
interpretation of intervention effects.

Auditory Verbal Therapy (AVT) is an evidence-based intervention 
that emphasizes parent-professional collaboration and specific strategies 
to stimulate the child’s auditory cortex, aiming to achieve optimal 
listening and spoken language outcomes [3]. In AVT, practitioners adopt 
a diagnostic approach in collaboration with the parents, targeting 
measurable goals that transcend the perception of acoustic elements to 
encompass all aspects of spoken language (semantic, pragmatic, and 
syntactic) and extend to broader areas of personal and social develop
ment [18].
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A systematic review by Binos et al. examined the effectiveness of 
AVT in supporting language development in children with CI [19]. 
Across the included studies, findings indicated that children receiving 
AVT developed language skills comparable to their peers with typical 
hearing, particularly in receptive vocabulary and speech perception. 
Studies by Dettman et al. [20], Percy-Smith et al. [1], and Thomas & 
Zwolan [21] showed that children in AVT programs outperformed peers 
in other intervention models, including oral and total communication 
approaches. A study by Fulcher et al. highlighted the impact of early 
identification of hearing loss and intervention, showing language ca
pabilities within normal limits (WNL) [22]. In addition, AVT was found 
to support social participation and integration into mainstream school 
settings. However, the review also highlighted the need for more 
well-controlled and long-term studies [19].

In 2011, the Danish Health Authority recommended AVT as the 
primary auditory intervention for children with CI [23]. Prior to this, the 
former schools for the deaf played a significant role in providing guid
ance to parents in West Denmark. A Danish study from 2012 showed 
that nearly all children with CI from this part of Denmark received 
rehabilitation from local or regional speech and language therapists 
[24]. The methodology was entirely up to the professional in the 
different municipalities/regions [1]. While intervention in Denmark 
today aims to include parents, this was not necessarily the case before 
AVT was recommended as best practice. Seventy-one percent of parents 
reported that they did not participate actively in the rehabilitation 
process [24]. In contrast to earlier rehabilitation, AVT particularly fo
cuses on strengthening parental involvement and providing 
auditory-verbal guidance focusing on listening and spoken language.

Since January 2012, all families of children with CI were offered 1 
year of AVT at one of the two pediatric CI centers following implanta
tion. From 2017 to 2020, a national project extended this to a 3-year 
AVT program, for all children with bilateral hearing loss <40 dB. Re
sults from the 3-year AVT project demonstrated significant language 
progress during the intervention period [25]. However, it remains un
clear whether these gains are sustained over time, whether children with 
shorter AVT durations are able to catch up, and whether pragmatic 
language skills develop in parallel with spoken language.

While numerous studies have demonstrated that children with CI and 
AVT often achieve age-appropriate spoken language, research on prag
matic skills, i.e. how the children use their language skills in conversa
tion and different social settings, have reported divergent results. A 
recent scoping review by Bongioletti et al. examined conversational and 
pragmatic language development in children with hearing loss [26]. The 
review, which included 36 studies, found that children often struggle to 
master the use of conversational and pragmatic skills, even when their 
spoken language abilities are age-appropriate (ibid.). These difficulties 
were observed across different communication modalities and persisted 
even in children with early intervention. For example, Goberis et al. 
found that children with hearing loss demonstrated delays in pragmatic 
language use compared to their hearing peers, particularly in areas such 
as topic maintenance and conversational repair [27]. Similarly, Most 
et al. reported that both children with HA and those with CI showed 
poorer performance on pragmatic tasks compared to typically hearing 
children [28]. The authors emphasized the need for interventions that 
go beyond structural language and actively target pragmatic and 
conversational skills, highlighting a gap in current approaches. These 
findings underline the importance of evaluating broader language use in 
children with CI, which the present study aims to address.

The objective of the present study is to evaluate the long-term impact 
of auditory-verbal intervention on spoken language outcomes and 
pragmatic skills five years after cochlear implantation in children 
enrolled in AVT programs of varying durations (0, 1, or 3 years). Our 
hypotheses are: 1) that children who received three years of AVT will 
demonstrate stronger spoken language and pragmatic skills compared to 
those with shorter or no AVT, and 2) that children who received only one 
year of AVT may partially close the gap over time, but will not reach the 

same level of language proficiency as those with longer intervention.
Understanding the long-term effects of AVT is essential for opti

mizing pediatric CI rehabilitation and informing national standards for 
early intervention. In addition, this understanding will help determining 
whether further intervention is needed later in life and how best to 
support their ongoing development.

2. Methods

This was a retrospective cohort study design. Data has been collected 
with permission from the local institutional review board. Data included 
language assessments (explained below), etiology of hearing loss, 
gender and age at implantation. The study was conducted in compliance 
with the Declaration of Helsinki.

2.1. Participants

A total of 157 children with bilateral hearing loss received at least 
one CI before their sixth birthday at The Department of Otorhinolar
yngology, Aarhus University Hospital, Denmark (West Danish CI Cen
ter), between 2006 and 2018. Depending on the degree and progression 
of the hearing loss, children were implanted either unilateral or bilat
eral, simultaneously or sequentially. Of these, 87 children met the in
clusion criteria for the study, while 70 children were excluded for the 
following reasons: primary language other than Danish spoken at home 
(n = 19), both parents had hearing loss and used sign language as pri
mary language (n = 9), or children who did not participate in testing (n 
= 42). All children included in the study were implanted with Cochlear 
Nucleus implants, except for one child who was implanted with a CI 
from Advanced Bionics.

The 87 children included in this study represented three cohorts 
consisting of 19 children who had no AVT, 33 children who had 1 year of 
AVT, and 35 children who had 3 years of AVT. Baseline characteristics in 
terms of gender, status of NHS, age at implantation, and etiology of 
hearing, are provided in Table 1.

The proportion of children diagnosed via NHS was 79 % in the 0-year 
AVT group, 88 % in the 1-year AVT group, and 86 % in the 3-year AVT 
group. Median age at implantation was 20.4 months (0-year AVT 
group), 13.4 months (1-year AVT group), and 12.5 months (3-year AVT 

Table 1 
Demographic characteristics of tested CI recipients (n = 87).

Intervention 0 years of 
AVT

1 year of 
AVT

3 years of 
AVT

Total

(n = 19) (n = 33) (n = 35) (n = 87)

Gender
Male 6 (32 %) 18 (55 %) 12 (34 %) 36 (41 %)
Female 13 (68 %) 15 (45 %) 23 (66 %) 51 (59 %)
Hearing screening
diagnosed at NHS 15 (79 %) 29 (88 %) 30 (86 %) 74 (85 %)
passed NHS 4 (21 %) 1 (3 %) 5 (14 %) 10 (11 %)
no NHS 0 3 (9 %) 0 3 (3 %)
Age at Implantation
mean/median (months) 25.8/20.39 25.33/ 

13.41
23.18/ 
12.48

24.57/ 
14.18

Etiology
Heriditary HL 11 (58 %) 18 (55 %) 16 (46 %) 45 (52 %)
Connexin 26 (GJB2) 3 (16 %) 6 (18 %) 5 (14 %) 14 (16 %)
Pendred syndrome 

(SLC26A4)
8 (42 %) 8 (24 %) 6 (17 %) 22 (25 %)

Waardenburg (dif. 
variants)

0 3 (9 %) 0 3 (3 %)

other genetic etiologies 0 1 (3 %) 5 (14 %) 6 (7 %)
Environmental 

induced HL
2 (11 %) 4 (12 %) 5 (14 %) 11 (13 %)

CCMV 0 2 (6 %) 8 (14 %) 10 (11 %)
Meningitis 1 (5 %) 1 (3 %) 0 2 (2 %)
Other 1 (5 %) 1 (3 %) 0 2 (2 %)
Unknown 6 (32 %) 11 (33 %) 14 (40 %) 31 (36 %)
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group). In terms of etiology, hereditary hearing loss was the most 
common cause across groups, with Connexin 26 (GJB2) and Pendred 
syndrome (SLC26A4) being the most frequently identified genetic sub
types. Environmental causes were represented in all groups, and un
known etiology accounted for 32–40 % of cases across groups.

For the children in the 1- and 3- year AVT groups, AVT was delivered 
by certified auditory verbal (AV) therapists or AV practitioners at West 
Danish CI Centre. Treatment for hearing loss, including cochlear im
plantation and AVT, is covered by the Danish healthcare system and 
there were no additional costs associated with treatment, minimizing 
the impact of parents’ socioeconomic status.

2.2. Description of applied test

To assess language development five years post CI-operation, all 
eligible children were evaluated using the Clinical Evaluation of Lan
guage Fundamentals 4 (CELF-4) [29]. The CELF-4 is a widely used 
norm-referenced test designed to measure fundamental language skills. 
The CELF-4 provides a comprehensive evaluation of language abilities, 
where 13 different subtests are combined into seven separate composite 
indexes, measuring different aspects of receptive and expressive lan
guage such as semantics, grammar, syntax, phonological memory and 
working memory.

The present study specifically examined three key scores from the 
CELF-4: The Core Language Score (CLS), the Expressive Language Index 
(ELI), and the scaled score of the Pragmatics Profile (PP). The CLS and 
ELI indexes have a mean score of 100 and a standard deviation (SD) of 
15. A score of 100 ( ± SD) on this scale represents the performance of the 
typical child of a given age. The pragmatic profile has a score of 10 
representing the average performance of children at a given age.

2.3. Data analysis

Statistical analyses were conducted using Stata I/C (StataCorp, USA), 
with a significance threshold set at p < 0.05. Data normality across the 
three intervention groups was assessed through visual inspection using 
quantile-quantile (Q-Q) plots and box plots. For normally distributed 
data, a one-way analysis of variance (ANOVA) was applied to evaluate 
significant differences in mean scores among the groups. To verify the 
assumptions underlying ANOVA, Bartlett’s test was used to assess ho
mogeneity of variances, supplemented by a robust test for variance 
equality across groups. In cases where normality could not be assumed, 
the Kruskal-Wallis test was employed as a non-parametric alternative. 
Post-hoc comparisons were conducted using the Bonferroni correction to 
adjust for multiple testing. For comparisons of categorical variables 
across groups, chi-square tests were applied to assess potential associ
ations and differences in distributions.

A post hoc power analysis was conducted using the observed effect 
size for Core Language Score (η2 = 0.12) and Expressive Language Index 
(η2 = 0.11). With a total of 87 participants across three groups and an 
alpha level of 0.05, the analysis yielded statistical powers of 0.96 and 
0.83, respectively, indicating that the study was well-powered to detect 
medium-to-large group differences. For Pragmatics Profile scores, the 
effect size was small (η2 = 0.03) and a post hoc examination of statistical 
power indicated that the study had limited power (~0.22) to detect 
small differences in pragmatic skills.

3. Results

The three intervention groups were compared based on the variables 
etiology and age at first implantation. Examining these variables ensures 
group comparability and allows for a more accurate interpretation of the 
effects of intervention duration. No statistically significant differences 
were observed in the distribution of etiology across the groups (p-value 
= 0.923), nor in the median age at implantation among the groups (p =
0.699).

Table 2 summarizes the analyses of language scores for CLS, ELI and 
PP in the three groups.

A one-way ANOVA revealed a significant effect on AVT duration on 
Core Language Score (CLS) F (2,84) = 5.82, p = 0.0043, η2 = 0.12 
(moderate effect). Post-hoc Bonferroni tests showed that children 
receiving 3 years of AVT (M = 101.57, SD = 22.65) had significantly 
higher mean index scores than both the 0-year (M = 83.68, SD = 20.36, 
p = 0.012) and 1-year (M = 87.48, SD = 20.68, p = 0.022) AVT groups. 
No significant difference was found between the 0- and 1-year AVT 
groups (p = 0.1000) (Fig. 1.).

For CLS, 47 % of the children in the 0-year AVT group scored within 
the normal range (WNL), defined as an index score between 85 and 115. 
In the 1-year AVT group, 61 % scored WNL, while 83 % of children in the 
3 year AVT groups performed WNL. While the mean index score for 
children in the 0-year AVT group was below the normal range, the 3- 
year group reached the expected average level for typically devel
oping peers.

A significant effect was also found on the Expressive Language Index 
(ELI), F (2,84) = 5.30, p = 0.0068, η2 = 0.11 (moderate effect). Children 
in the 3 year AVT group (M = 102.49, SD = 21.76) scored significantly 
higher than those in the 0-year (M = 86.26, SD = 20.42, p = 0.021) and 
1-year (M = 88.88, SD = 19.52, p = 0.024) AVT groups (Fig. 2). No 
significant difference was found between the 0- and 1-year AVT groups 
(p = 1.000). The percentage of children performing WNL increased from 
53 % for children in the 0-year AVT group, to 61 % in the 1-year AVT 
group, and to 80 % in the 3-year AVT group.

In contrast, no significant difference was found in Pragmatics Profile 
(PP) scores, F (2,81) = 1.36, p = 0.2619, η2 = 0.03 (small effect), 
indicating that AVT had no measurable impact on the development of 

Table 2 
Language outcomes five years post CI implantation, distributed according to 
duration of AVT.

Mean 
(SD)

F-test p- 
value

SE η2* min- 
max

WNL* 
85–115 
(%)

CLS:
0 years of 

AVT 
(n=19)

83.68 
(20.36)

0.0043 4.67 0.12 44–118 9/19 (47 
%)

1 year of 
AVT 
(n¼33)

87.48 
(20.68)

3.60 44–120 20/33 (61 
%)

3 years of 
AVT 
(n¼35)

101.57 
(21.88)

3.70 45–142 29/35 (83 
%)

ELI:
0 years of 

AVT 
(n¼19)

86.26 
(20.42)

0.0068 4.68 0.11 47–119 10/19 (53 
%)

1 year of 
AVT 
(n¼33)

88.88 
(19.52)

3.40 49–123 20/33 (61 
%)

3 years of 
AVT 
(n¼35)

102.49 
(21.76)

3.68 51–141 28/35 (80 
%)

PP: WNL 7–13 
(%)

0 years of 
AVT 
(n¼19)

9.16 
(3.93)

0.2619 0.9 0.03 1–15 16/19 (84 
%)

1 year of 
AVT 
(n¼31)

10.48 
(3.92)

0.7 1–18 28/31 (90 
%)

3 years of 
AVT 
(n¼34)

10.76 
(2.73)

0.47 1–15 32/34 (94 
%)

CLS= Core Language Score, ELI = Expressive Language Index, PP= Pragmatics 
Profile * WNL = within normal limits (or above). F-tests show differences among 
the three groups. SE=Standard Error.
*Effect Sizes are reported as eta-squared (η2).
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pragmatic skills (Fig. 3). Pragmatic skills were within the average range 
for children in all groups: 3-year AVT group (M = 10.76, SD = 2.73), 1- 
year AVT group (M = 10.48, SD = 3.92), and 0-year (M = 9.16, SD =
3.93) (Fig. 3.). The percentage of children performing WNL increased 
from 84 % in the 0-year AVT group to 94 % in the 3-year AVT group.

4. Discussion

This study found that children who received three years of Auditory 
Verbal Therapy (AVT) achieved significantly higher scores in both Core 
Language Score (CLS) and Expressive Language Index (ELI) compared to 
children who received one year or no AVT. The moderate effect size (η2 

= 0.12 for CLS, η2 = 0.11 for ELI) suggests that the duration of AVT has a 

meaningful impact on language outcomes in children with cochlear 
implants. These results support our first hypothesis, demonstrating that 
a longer duration of AVT is associated with stronger spoken language 
outcomes, even five years post-implantation.

In contrast, no significant differences were observed in pragmatic 
language use, as measured by the Pragmatics Profile (PP), across the 
three groups. These findings, and the broader context of pragmatic 
development in children with hearing loss, are discussed further below. 
While our second hypothesis suggested that children who received only 
one year of AVT might partially close the gap over time but still perform 
below the level of those with longer intervention, our data did not show 
a clear gradient in performance, as there was no significant difference 
between the 0- and 1-year AVT groups. As such, we cannot confirm the 
second hypothesis based on the current findings.

The role of parental involvement, highlighted in our introduction, 
may help explain these results. Studies have shown that parental 
sensitivity and engagement in intervention are strong predictors of long- 
term spoken language outcomes [30,31]. Longer AVT programs may 
allow for more sustained parent-professional collaboration and repeated 
opportunities for parents to integrate strategies into everyday life, which 
may contribute to the lasting effects seen in children who received three 
years of AVT.

Previous research supports the efficacy of AVT in promoting age- 
appropriate spoken language development in children with CIs. As 
mentioned in the introduction, Binos et al. [19] found that children 
receiving AVT developed language skills comparable to their peers with 
typical hearing and outperformed peers in other intervention models. 
Furthermore, early identification of hearing loss combined with early 
intervention was associated with language abilities within normal limits 
(WNL). The study by Fulcher et al. [22] showed that by 3 years of age, 
93 % of early identified children in early auditory intervention scored 
WNL for speech; 90 % were WNL for understanding vocabulary; and 95 
% were WNL for receptive and expressive language. Progress was 
maintained and improved so that by 5 years of age, 96 % were WNL for 
speech, with 100 % WNL for language (ibid). These findings reflect data 
from the Danish national 3-year AVT project (2017–2020), which 
showed that the percentage of children achieving average or 
above-average receptive vocabulary increased from 56 % at one year to 
84 % at three years [13].

However, as noted by Binos et al., the long-term effects of AVT 

Fig. 1. Boxplot of mean Core Language index scores for children in three 
rehabilitation groups. Boxes show the interquartile range (25th–75th percen
tile), the horizontal line shows the median (50th percentile), and the × marks 
the mean. Whiskers show the range excluding outliers, and dots are outliers. 
Normative mean index score is 100. Square brackets with p-values show sig
nificant group differences.

Fig. 2. Boxplot of mean Expressive Language scores for children in three 
rehabilitation groups. Boxes show the interquartile range (25th–75th percen
tile), the horizontal line shows the median (50th percentile), and the × marks 
the mean. Whiskers show the range excluding outliers, and dot is an outlier. 
Normative mean index score is 100. Square brackets with p-values show sig
nificant group differences.

Fig. 3. Boxplot of mean Pragmatics Profile scaled scores for children in three 
rehabilitation groups. Boxes show the interquartile range (25th–75th percen
tile), the horizontal line shows the median (50th percentile), and the × marks 
the mean. Whiskers show the range excluding outliers, and dots are outliers. 
Normative mean scaled score is 10.
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remain an area of interest, underscoring the need for more well- 
controlled and longitudinal studies [19]. A longitudinal Danish study 
by Wischmann et al. examined the long-term development of language 
fundamentals in children with hearing impairment at the school level 
[5]. In their study, all children received early AVT for three years, fol
lowed by three years of Auditory Verbal guidance at school. During 
these three years, their language development continued to progress, 
suggesting sustained benefits of structured intervention (ibid). However, 
as the study only included a control group of normally hearing children, 
it remains unknown whether development would have stagnated in the 
absence of continued guidance.

Our study offers new insights into the long-term effects of AVT by 
evaluating spoken language outcomes five years after cochlear implan
tation. The results show that 47 % (CLS) and 53 % (ELI) of the children 
who received no AVT scored within normal limits, compared to 61 % 
(CLS + ELI) of those who received one year of AVT, and 83 % (CLS) and 
80 % (ELI) of those who received three years of AVT. These findings 
underscore that, even five years post-implantation, children in the 0- 
and 1-year AVT groups have not fully caught up in language develop
ment compared to their peers who received three years of AVT. Notably, 
the children in this study, who received three years of AVT did not 
receive structured auditory intervention after the conclusion of therapy, 
suggesting a lasting effect of early intensive intervention.

As expected, language development varied across participants. This 
is consistent with other studies that have found differences based on 
whether children have additional needs. A study from Auditory Verbal 
UK found that 97 % of children without additional needs who partici
pated in an AV program for more than two years achieved age- 
appropriate language skills [32]. In contrast, children with additional 
needs exhibited a slower rate of language development, but by the end of 
their individualized AV program, 50 % had reached age-appropriate 
language scores [32]. These findings are similar to results from the 
Danish 3-year AVT project, which also showed slower – yet positive – 
progression in children with hearing loss and additional challenges. 
Among children with additional difficulties, 75 % achieved 
age-appropriate spoken language, while the number was 87 % for 
children without additional difficulties [25].

Our study did not separate children with additional needs into a 
distinct subgroup, partly due to challenges in establishing clear exclu
sion criteria. However, children with severe additional difficulties were 
not able to participate in testing and were therefore excluded by default. 
It remains possible that some children with mild additional needs are 
included in the sample and have not yet reached their full language or 
pragmatic potential five years post-implantation.

4.1. Pragmatics

Earlier studies reviewed by Bongioletti et al. have shown that even 
children with age-appropriate vocabulary and grammar often struggle 
with pragmatic aspects of communication, such as turn-taking, 
conversational repair, and adapting language to different social set
tings [26–28]. As these structural aspects are crucial for communication, 
Goberis et al. used the Pragmatic Checklist to investigate how children 
with hearing loss perform pragmatically compared to their peers with 
normal hearing [27,33]. The results showed that at age 5, children with 
normal hearing mastered 98 % of the items, with mastery defined as 75 
% of children using complex language at each item. By age 7, children 
with normal hearing mastered 100 % of the items, while children with 
hearing loss mastered 69 % [27]. This aligns with a study by Most et al., 
which found that children with hearing loss, regardless of whether they 
used HA or CI, performed more poorly pragmatically compared to 
children with normal hearing [28].

In our study, however, all groups scored within the normal range on 
the Pragmatics Profile (PP), regardless of AVT duration. This finding 
regarding pragmatic skills contrasts with much of the existing literature 
but may reflect improvements in early intervention over the past 

decade. Although no significant differences were found between groups 
in Pragmatics Profile scores, the observed effect size was small (η2 =

0.03). A post hoc examination of statistical power indicated that the 
study had limited power (~0.22) to detect small differences in prag
matic skills. Therefore, the absence of significant findings regarding 
pragmatic development should be interpreted with caution. Factors such 
as universal newborn hearing screening, early cochlear implantation, 
and access to family-centered AVT are helping to narrow the pragmatic 
gap between children with and without hearing loss. A Danish study 
from 2022 [5] also found that 85 % of children with CI scored within 
normal limits on PP, which supports this interpretation.

A possible explanation for the high scores regarding pragmatics 
could relate to measurement limitations. The PP is a parent-reported 
questionnaire and may not capture subtle pragmatic difficulties. It’s 
also possible that children not able to complete more complex speech 
and language testing were unintentionally excluded from the sample, 
leading to an overestimation of average scores.

Bongioletti et al. emphasize that intervention for children with 
hearing loss should include targeted support for pragmatic and 
conversational skills [26]. AVT focuses on language development in a 
pragmatic functional setting. The findings of this study suggest that not 
only should we have high expectations for language development, but 
we can also raise our expectations for pragmatic skills. This is because 
children who receive cochlear implants today have stronger foundations 
for developing age-appropriate skills across all aspects of language.

4.2. Limitations

One limitation of this study is its retrospective design, which means 
that the data collected may not account for all potential variables 
influencing language development and pragmatic skills. Additionally, 
the study did not explore the long-term maintenance of these language 
and pragmatic skills beyond five years post-implantation. Future 
research could benefit from longitudinal studies that follow these chil
dren into adolescence to assess whether the effects of AVT on language 
and pragmatic skills persist or evolve over time.

Furthermore, while this study focused on children with bilateral 
hearing loss and cochlear implants, future research could explore 
whether these findings are transferable to children with unilateral and 
mild hearing loss or those who have different etiologies of hearing loss.

4.3. Future perspective

This cohort represents a new generation of children with CI. Further 
research is needed to assess the long-term effects of AVT on both spoken 
language and pragmatic skills. It remains uncertain whether children 
who have received less than 3 years of AVT will catch up with their peers 
over periods longer than five years. Future studies should continue to 
monitor spoken language development longitudinally and examine its 
relationship with pragmatic abilities, social well-being, and listening 
fatigue.

5. Conclusion

In summary, this study underscores the critical importance of early 
and extended auditory verbal rehabilitation in facilitating optimal lan
guage development in children with cochlear implants. After five years, 
children who received 3 years of AVT demonstrated superior language 
outcomes compared to those with 0 or only 1 year of AVT, who did not 
catch up. While 3 years of AVT led to significant improvements in core 
and expressive language abilities, the impact on pragmatic skills was less 
pronounced. Further exploration of the correlation between language 
and pragmatics is needed to better support children with hearing loss.

K. Aaberg et al.                                                                                                                                                                                                                                 International Journal of Pediatric Otorhinolaryngology 194 (2025) 112371 

5 



CRediT authorship contribution statement

Kirsten Aaberg: Writing – original draft, Visualization, Project 
administration, Methodology, Formal analysis, Conceptualization. Ida 
Jensen Friis: Writing – original draft, Methodology, Investigation, 
Formal analysis, Conceptualization. Camilla Bennick Slynge: Writing – 
review & editing. Anders Britze: Writing – review & editing. Louise 
Devantier: Writing – review & editing, Supervision.

Funding

None.

Declaration of competing interest

The authors declare that they have no known competing financial 
interests or personal relationships that could have appeared to influence 
the work reported in this paper.

References

[1] L. Percy-Smith, et al., Auditory verbal habilitation is associated with improved 
outcome for children with cochlear implant, Cochlear Implants Int. 19 (1) (2018) 
38–45.

[2] L. Percy-Smith, et al., Language development for the new generation of children 
with hearing impairment, J. Clin. Med. 10 (11) (2021).

[3] W. Estabrooks, H.M. Morrison, K. MacIver-Lux, Auditory-verbal Therapy: Science, 
Research, and Practice, vol. 1, Plural Publishing, 2020.

[4] C. Yoshinaga-Itano, R.L. Baca, A.L. Sedey, Describing the trajectory of language 
development in the presence of severe-to-profound hearing loss: a closer look at 
children with cochlear implants versus hearing aids, Otol. Neurotol. 31 (8) (2010) 
1268–1274.

[5] S. Wischmann, et al., History re-written for children with hearing impairment, Int. 
J. Pediatr. Otorhinolaryngol. 152 (2022) 110991.

[6] A.N. Fulcher, et al., Factors influencing speech and language outcomes of children 
with early identified severe/profound hearing loss: clinician-identified facilitators 
and barriers, Int. J. Speech Lang. Pathol. 17 (3) (2015) 325–333.

[7] A. van Wieringen, J. Wouters, What can we expect of normally-developing children 
implanted at a young age with respect to their auditory, linguistic and cognitive 
skills? Hear. Res. 322 (2015) 171–179.

[8] C. Yoshinaga-Itano, Principles and guidelines for early intervention after 
confirmation that a child is deaf or hard of hearing, J. Deaf Stud. Deaf Educ. 19 (2) 
(2014) 143–175.

[9] T.Y.C. Ching, et al., Learning from the longitudinal outcomes of children with 
hearing impairment (LOCHI) study: summary of 5-year findings and implications, 
Int. J. Audiol. 57 (sup2) (2018) S105–s111.

[10] S. Hoff, et al., Safety and effectiveness of cochlear implantation of young children, 
including those with complicating conditions, Otol. Neurotol. 40 (4) (2019) 
454–463.

[11] S. Dettman, et al., Speech perception and language outcomes for infants receiving 
cochlear implants before or after 9 Months of age: use of category-based 
aggregation of data in an unselected pediatric cohort, J. Speech Lang. Hear. Res. 64 
(3) (2021) 1023–1039.

[12] S.J. Dettman, et al., Long-term communication outcomes for children receiving 
cochlear implants younger than 12 Months: a multicenter study, Otol. Neurotol. 37 
(2) (2016) e82–e95.

[13] E. Karltorp, et al., Cochlear implants before 9 months of age led to more natural 
spoken language development without increased surgical risks, Acta Paediatr. 109 
(2) (2020) 332–341.

[14] J.R. Leigh, S.J. Dettman, R.C. Dowell, Evidence-based guidelines for 
recommending cochlear implantation for young children: audiological criteria and 
optimizing age at implantation, Int. J. Audiol. 55 (Suppl 2) (2016) S9–s18.

[15] J. Cottrell, et al., Cochlear implantation in children under 9 Months of age: safety 
and efficacy, Otol. Neurotol. 45 (2) (2024) 121–127.

[16] I. Cejas, M.F. Hoffman, A.L. Quittner, Outcomes and benefits of pediatric cochlear 
implantation in children with additional disabilities: a review and report of family 
influences on outcomes, Pediatr. Health Med. Therapeut. 6 (2015) 45–63.

[17] V.J.C. Kraaijenga, et al., Cochlear implant performance in children deafened by 
congenital cytomegalovirus-A systematic review, Clin. Otolaryngol. 43 (5) (2018) 
1283–1295.

[18] D. Ling, Foundation of spoken language for hearing-impaired children. Washington 
DC: Alexander Graham Bell Association for the Deaf, 1989.

[19] P. Binos, E. Nirgianaki, G. Psillas, How effective is auditory-verbal therapy (AVT) 
for building language development of children with cochlear implants? A 
systematic review, Life (Basel) 11 (3) (2021).

[20] S. Dettman, et al., Communication outcomes for groups of children using cochlear 
implants enrolled in auditory-verbal, aural-oral, and bilingual-bicultural early 
intervention programs, Otol. Neurotol. 34 (3) (2013) 451–459.

[21] E.S. Thomas, T.A. Zwolan, Communication mode and speech and language 
outcomes of young cochlear implant recipients: a comparison of auditory-verbal, 
oral communication, and total communication, Otol. Neurotol. 40 (10) (2019) 
e975–e983.

[22] A. Fulcher, et al., Listen up: children with early identified hearing loss achieve age- 
appropriate speech/language outcomes by 3 years-of-age, Int. J. Pediatr. 
Otorhinolaryngol. 76 (12) (2012) 1785–1794.

[23] Sundhedsstyrelsen, Kliniske retningslinjer for pædiatrisk cochlear implantation, 
efterbehandling og monitorering [Clinical guidelines for pediatric cochlear 
implantation, rehabilitation, and outcomes, National Board of Health), 2012.

[24] L. Percy-Smith, et al., Significant regional differences in Denmark in outcome after 
cochlear implants in children, Dan Med. J. 59 (5) (2012) A4435.
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