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Development of language in children after cochlear implantation: A 
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ABSTRACT 

Background: For newborns and young children with congenital bilateral severe to profound sensorineural hearing loss who benefit 

little from properly fitting hearing aids, pediatric cochlear implantation (CI) is the recommended course of treatment. Pediatric CI 

significantly improves speech and language development. The development of speech and language is often faster than pre-CI rates. 

Materials and Methods: A narrative review of published literature was conducted by using databases like Google Scholar, Scopus, 

PubMed, and Medline. Key references were identified through searching the database and manual screening of reference lists from 

seminal papers. There were 45 out of the 70 publications (24 case reports, 20 case series, and 26 original studies) received from 

different databases included in this PRISMA Flow diagram for study selection. Results: The outcomes of CI in pediatric patients are 

highly variable. The consistent speech therapy, involvement of family, and early intervention are vital for maximizing language skills. 

For young children with severe-to-profound sensorineural hearing loss (SNHL), CI is a surgical substitute for conventional 

amplification (hearing aids) that can promote spoken language development. Post-implant spoken language outcomes are still very 

diverse, ranging from strong speech recognition and age-appropriate language to little improvement in sound detection with limited 

speech perception and language delays, despite notable advancements in cochlear implant device technology and surgical safety.  By 

considering post-implant language development predictions into intrinsic and extrinsic elements and emphasizing clinically useful 

tactics to maximize therapies, this narrative review incorporates data from the literature. Conclusion: Early CI in children followed 

by early auditory verbal therapy (AVT) is helpful for optimum speech and language development. Regular follow-up and active 

participation by parents are required to optimize the outcomes. The duration of AVT after pediatric cochlear implantation has an 

impact on the hearing and language development of a child. 
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n pediatric age, deafness adversely affects language 

acquisition as well as educational and social-emotional 

development. Children with bilateral congenital severe to 

profound sensorineural hearing loss usually have limited 

access to sounds that are required for age-appropriate 

development of receptive and expressive language.  Cochlear 

implants (CI) are helpful to provide profoundly deafened 

children with hearing sensitivity within the speech range [1]. 

A CI is the most successful of all prostheses of the nervous 

system [2]. CI is indicated in patients with severe to profound 

hearing loss caused by loss of cochlear hair cells, and there is 

no significant improvement after use of a conventional 

hearing aid for 3 to 6 months [3].  

The speech sounds required for the age-appropriate 

development of language are typically inaccessible to children 
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with bilateral congenital severe to profound sensorineural 

hearing loss [4]. CI is very helpful for the acquisition of 

spoken language [4]. It is now becoming standard care for pre-

lingually deaf children who derive limited benefits from the 

use of hearing aids [5]. Children who have received CI before 

two and even one year of age, get better results [5].  Most of 

the children receive Auditory Verbal Therapy (AVT) for two 

years at par with their normal hearing peers.  

Following pediatric CI, the development of speech and 

language is still very diverse, reflecting the combined impact 

of the child's intrinsic limitations and modifiable extrinsic 

factors. Developmental profile, imaging, and genetic testing 

can identify the intrinsic causes, such as inner ear deformity  
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and neurodevelopmental comorbidities. Clinical optimization 

should focus on the extrinsic variables since they are typically 

actionable [6]. Prompt CI among children with severe to 

profound hearing loss, followed by early AVT, is helpful for 

optimum speech and language development. 

METHODS OF LITERATURE SEARCH 

Research articles on pediatric CI and language development 

were sought after. This started by looking through online 

databases, including Google Scholar, Scopus, PubMed, and 

Medline, which covered the research that has been published 

up to this point.  This scoping review assessed subtotal 

petrosectomy and followed the Preferred Reporting Items for 

Systematic Reviews and Meta-Analyses (PRISMA) 

guidelines. The manuscript includes the specific search terms 

and Boolean operators used, e.g., " pediatric cochlear 

implantation and language development ". Once the data had 

been extracted from all articles, numerical and thematic 

analyses were conducted. All search results were reviewed 

based on inclusion and exclusion criteria. The data included 

all age groups and both genders with pediatric cochlear 

implantation and language development. Articles were 

initially screened by their titles to determine eligibility, 

followed by a thorough review of each abstract to ensure they 

met the inclusion criteria. The studies included in this review 

are restricted to the English language and cover publications 

from 1998 to 2025.  

 

 

Fig.1: Methods of literature search. 

The citations were employed manually to locate further 

research articles after the search strategy turned up published 

article abstracts. Articles were excluded as per the criteria, 

such as non-peer-reviewed articles, non-original research, 

reviews, case reports, letters, editorials, and insufficient 

information on pediatric CI and language development. The 

evaluation assessed whether observational studies, 

comparative studies, case series, case reports, and randomized 

controlled trials were appropriate. There were 45 of the 70 

publications (24 case reports, 20 case series, and 26 original 

studies) received from different databases included in this 

PRISMA Flow diagram for study selection (Figure 1). The 

synthesis of findings was conducted by use of quantitative and 

qualitative methods.  This review article discusses the 

prevalence of hearing loss, speech development, cochlear 

implantation in pediatric age, and assessment of speech and 

language development. 

RESULTS 

Prevalence of Hearing impairment 

Most people worldwide experience hearing impairment, the 

most prevalent sensory loss [7]. The effects of hearing 

impairment include lower speech ability and inability to 

comprehend speech signals, delayed language acquisition, 

economic and educational regression, social isolation, and 

stigmatization. Approximately 360 million people worldwide, 

or 5.3% of the world's population, have hearing impairments.  

CIs: Mechanism and Time of Treatment 

For pre-lingually deaf children who benefited little from 

hearing aids, CI has become the standard of care since its 

introduction in the 1980s. The eligibility for CI has increased 

along with the benefits; infants are now fitted with implants 

earlier in infancy and with less severe impairment than in the 

past. By introducing electrically generated afferent impulses 

to the central nervous system (CNS) that had not previously 

been stimulated or had ceased to be stimulated by sound, the 

structure and function of the CNS are being deliberately 

altered as a medical intervention [9]. Although the 

replacement of synthetic stimulus is not flawless, it is a 

significant advancement in helping deaf children acquire their 

language skills.  

The CI makes use of the CNS’s adaptability to this 

artificial stimulation, as well as the ability of genetically 

supplied pathways. Most implanted children before the age of 

2 years can develop speech and language at a rate equal to 

similarly aged children with normal hearing [10]. Intervening 

in the bilateral severe to profound hearing loss with CI is 

based on behavioral data suggesting language performance. 

The language development is more accurate the earlier 

children can be implanted [11]. The neural plasticity seen 

throughout crucial stages of auditory-based learning may be 

exploited by early CI [12]. Early implantation is beneficial for 

both receptive and expressive language, according to one 

study [13]. While children with intellectual disabilities exhibit 

slower language development, those with CIs and regular 

intellectual development exhibit more consistent language 

improvements. Furthermore, even while spoken language 

learning is adequately audible, intellectual disability typically 

co-occurs with diseases like autism spectrum disorders [14]. 
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CI and speech perception 

Several areas of auditory functioning, including detection, 

discrimination, resolution, and noise avoidance, are negatively 

impacted by hearing loss. These deficiencies can make it 

harder to perceive and produce speech, which is made worse 

by background noise. Reduced speech and hearing skills are 

strongly linked to depression and functional deterioration, 

which lowers quality of life [15]. Compared to their 

counterparts with normal hearing, children with congenital 

hearing loss have far worse speech and language abilities [16]. 

Speech and language production are hampered by auditory 

deprivation brought on by congenital hearing loss [17]. Poorer 

neuroplasticity is the consequence of less sensory activation 

[18].  

CI can reverse the sensory deprivation by stimulating the 

auditory nerve [19]. Speech and language impairment may 

result from delayed diagnosis and treatment of hearing loss. 

Early detection of hearing loss in babies can be achieved by 

newborn hearing screening programs. The advancement of 

infant hearing screening, early detection, and treatment of 

hearing loss, along with advancements in CI technology, has 

increased the number of pediatric patients receiving hearing 

loss management. Children with congenital hearing loss, if 

diagnosed and treated early, have significantly improved 

speech and language skills in comparison to children 

diagnosed and treated late [20]. CI in pre-lingual hearing 

impairment provides greater access to speech and language 

via heightened auditory skills and speech perception [21].  

Language development following pediatric CI remains 

quite varied across several domains, despite advances in 

medical interventions, including CI. While some pediatric 

patients merely make an improvement in recognizing 

environmental sounds, many acquire open-set word and 

sentence identification in speech perception. Performance 

varies greatly throughout listening in terms of noise, spatial 

hearing, and listening effort in more complicated situations, 

such as classroom listening [22]. These vary from robust 

speech-in-noise understanding and accurate sound localization 

with minimal fatigue, which can limit daily learning 

opportunities [23].  

Many factors influence speech perception in children with 

hearing impairment. Early identification of deafness, early 

intervention, and early hearing technology are important 

factors in developing language skills [24]. The 

implementation of universal newborn hearing screening is 

beneficial for early detection of hearing loss and allows 

parents who prefer spoken communication to make early 

decisions concerning CI, hearing aids, and at-home speech 

and language therapy equipment. CIs are thought to improve 

speech perception [25].  

In fact, it has been demonstrated that some of the 

pervasive neurocognitive effects of sensory loss can be 

reversed or rearranged when CIs restore sensory function [26]. 

Many hearing-impaired children achieve speaking abilities 

that are comparable to those of their hearing peers following 

CI; there is significant variation [27]. Age at implantation is a 

significant factor in the heterogeneity of results in children 

who are congenitally deaf [28]. In fact, children who receive 

CIs before the age of 24 months had better phonological skill 

development [29]. CI, however, is insufficient for a youngster 

to acquire sufficient hearing abilities. One explanation for this 

is that the CI's acoustic signals are still deteriorated [30]. The 

CI provides only partial acoustic information, which can result 

in difficulties perceiving some phonetic contrasts. The limited 

phonological skills may, in turn, impact spoken language 

development [31].  

In acoustically degraded conditions, lip reading has been 

shown to improve auditory speech perception. However, lip 

reading alone is not enough for deaf children to develop 

perfect speech perception. Lip reading only provides access to 

10 to 30% of a word or a sentence [32]. The use of a 

complementary communication tool is often recommended to 

families and professionals to sustain the development of 

speech perception. Poor speech perception is often associated 

with special education placements. Placement in special 

education settings has similarly been related to lower 

receptive vocabulary scores in bilateral cochlear recipients 

[33]. The relationship between age at mainstream and speech 

perception can be explained by stronger speech perception 

skills permitting access to mainstream education or resulting 

from earlier access to mainstream education. Positive parent-

child interactions, placement in a mainstream education 

setting, and AVT are the microsystem factors associated with 

better speech perception outcomes.  

The study demonstrated a correlation between robust 

parent-child interactions and enhanced speech perception, 

with improved language outcomes [34]. In addition, the mode 

of communication was not a significant predictor of speech 

perception. The disparity in outcomes may be attributed to 

variations in analysis and measurement techniques used across 

studies. The choice of communication mode may also reflect 

other contextual factors in the ecology of the child, such as 

education setting or parental language. A bilingual home 

environment may be at greater risk for speech perception [35]. 

Bilingual bilaterally implanted children show significantly 

worse outcomes than monolingual bilaterally implanted 

children in a composite German language measure [36]. 

However, this study does not comment on duration, quality, or 

quantity of the language input that the children received in the 

language testing; the nature of the relationship between 

bilingualism and speech perception requires more examination 

of effect strength, significance, and direction before 

conclusions can be drawn. The duration of AVT after 

pediatric CI has an impact on the hearing and speech 
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development of a child. The regular follow-up and active 

participation by parents are needed to maximize the outcomes 

[37]. Early CI in a congenitally deafened child with strict 

AVT provides satisfactory hearing and language development. 

Duration of AVT after pediatric CI has an impact on the 

hearing and language development of a child [38]. 

Language development in pediatric age 

Even with advancements in the technology of CI, language 

development following pediatric CI remains highly variable 

across several domains. With respect to speech perception, 

many children achieve open-set word and sentence 

recognition, whereas others progress only to recognizing 

environmental sounds [39]. The performance of students in 

complex classrooms varies greatly in terms of listening effort, 

spatial hearing, and noise. It includes speech-in-noise 

comprehension, precise sound localization with little fatigue, 

and noticeable challenges in noisy environments. Daily 

learning possibilities may be limited by significant weariness 

and inadequate localization [40]. Intelligible connected speech 

and persistent articulation faults are among the criteria of 

language expressive skills that are measured, along with 

speech production and articulation [39].  

Large variability in language development across receptive 

and expressive domains is reflected in these differences in 

spoken language comprehension and production, ranging from 

near-age-appropriate skills to persistent delays, with 

longitudinal data showing continuous improvement 

throughout the early school years [39,40]. Early age CI is very 

critical for achieving favorable language development [41]. 

Post-implant language development is influenced by 

additional elements that can be classified as either intrinsic or 

external (Figure 2). These elements work together to 

contribute to the variation in postoperative language 

development among young cochlear transplants [42]. 

 

Figure 2. Determinants of language outcomes after 

pediatric cochlear implantation. 

Assessment of language development 

Prosody, syntax, and semantics are used to establish language 

structure. The effectiveness of the CI for language 

development is now assessed using metrics of prosody, 

syntax, and semantics development [43]. CIs in prelingual 

children are helpful to promote the development of language 

in the prelingually deaf child [43,44].  The language 

development in prelingual children following CI also affects 

the broader issues of quality of life, including educational, 

economic, and social attainment. Measures of language 

expression abilities and speech generation and articulation 

range from continuous articulation faults to intelligible 

connected speech [45].  

These variations in spoken language comprehension and 

production are indicative of a broad range in language 

development across receptive and expressive domains, from 

near-age-appropriate abilities to enduring delays, with 

longitudinal data showing continuous improvement 

throughout the early school years. For most congenitally deaf 

children implanted before the age of one year, the CI is 

effective in improving receptive and expressive language 

deficiencies [39].  

Limitation and future recommendation 

Bilateral CI in pediatric patients can develop complex 

expressive and receptive spoken language [43]. In bilateral CI, 

children use significantly more audition and vocalization in 

communication in the early post-implantation time than their 

unilateral implanted child. Bilateral CI enhances the 

development of the central auditory system by bilateral 

cortical stimulation, ensures that the better ear is often 

implanted, and provides recipients with a backup if one device 

fails [49]. Although there are some limitations in choosing 

bilateral, including more time for surgery or two different 

surgeries, higher expenses, and the inability to preserve one 

ear for newer treatment. 

CONCLUSION 

Children with congenital severe to profound hearing loss can 

counteract the detrimental effects of hearing and language 

acquisition by constant use of CIs. Prompt CI among children 

followed by early AVT is helpful for optimum speech and 

language development. Regular follow-up and active 

participation by parents are required to optimize the outcomes. 
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