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Abstract 

Background Cochlear implantation (CI) is an electronic hearing device that is surgically implanted to bypass dam-
aged portions of the ear and directly stimulate the auditory nerve. Nowadays, CI prospects for children with profound 
hearing loss (HL) have been significantly improved. Now, most implanted children can expect similar audiological 
outcomes to those with moderate to severe HL with aids depending on the time of loss and cognitive function.

Aim This study aimed at assessing the progress in all aspects of language acquisition and the effect of various factors 
on the outcome of cochlear implantation in children undergoing auditory training for at least 2 years after surgery.

Results The results showed the effectiveness of early implantation in terms of improvement in linguistic skills, indi-
cated by significant change of language age scores when compared before and after surgery (median age 1.167 years 
to 4.75 years with p value < 0.0001). Significant improvement in degree of hearing level (HL median from 100 dB to 25 
with p value < 0.0001), in addition to its effect on improving the general IQ (mean from 82.42 ± 9.46 to 88.61 ± 8.13 
with p value = 0.006) and abstract IQ scores (mean from 83.48 ± 9.81 to 94.45 ± 10.41 with p value = 0.0001).

Conclusion CI children showed significant improvement in speech perception, auditory skills, and IQ scores as well 
as receptive and expressive language after CI denoted by the improvement of language age. Significant improvement 
was found in early implantation age (under 2 years) in the postoperative degree of hearing level and in language test 
scores in comparison to older aged children.
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Background
Hearing loss (HL) is the most common sensory deficit 
in children particularly in developing countries; one to 
three of every 1000 live births per year have sensorineural 

hearing loss (SNHL), with a profound > 90  dB HL (deci-
bels Hearing Level) deficit. Depending on their age at the 
onset of HL, it can be roughly divided into pre-lingual 
HL (more common) and post-lingual HL (less common). 
The lack of auditory input from surroundings and speech 
during early childhood disturbs the normal development 
of the auditory system and prohibits the development of 
speech and language aptitudes [1, 2].

Profound bilateral HL is an uncommon but signifi-
cant cause of morbidity in the pediatric community. The 
prevalence rate of hearing loss was estimated from 6 
randomly selected governorates, and it was found to be 
16% with no significant sex difference. Marsa Matrouh 
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had the highest prevalence in Egypt 25.7%, and North 
Sinai was the lowest with 13.5%. Children aged from 0 
to 4  years had the highest prevalence 22.4%. The com-
monest cause was found to be otitis media with effusion 
30.8% [3]. Without adequate treatment, children fail to 
develop linguistic abilities and communicative skills, with 
a significant impact on education, socio-emotional devel-
opment, and future professional prospects [4].

Several studies have reported positive benefits of pedi-
atric CI on language perception skills, speech intelligibil-
ity, and voice monitoring [5, 6]. However, several factors 
account for the heterogeneity of outcomes. Intrinsic 
factors such as gender, IQ, socioeconomic status, age of 
onset of HL, or associated disabilities may predispose 
children to better or poorer outcomes with the implant. 
Conversely, extrinsic factors such as age at implantation, 
educational, and re-educational strategies may play an 
important role in the variability of several outcomes [7].

In order to prevent these serious impacts of HL on 
children, they should receive appropriate and adequate 
auditory rehabilitation including counseling, fitting with 
proper amplification device either hearing aids or coch-
lear implant and comprehensive auditory training pro-
gram imminently [8].

Upon reviewing the literature, some studies were con-
ducted in Egypt in different governorates regarding epi-
demiology, etiology, and rehabilitation outcome [9–11]. 
Since there were no studies conducted in Alexandria 
concerned with the outcome of cochlear implanted chil-
dren. This aroused the need to carry out this study to 
assess the progress after 2 years of cochlear implantation. 
The rationale of this study is to better understand the fac-
tors that promote spoken language development after CI.

This study aimed at assessing the progress in all aspects 
of language acquisition and the effect of various factors 
on the outcome of cochlear implantation in children 
undergoing auditory training for at least two years after 
surgery.

Methods
Patients
A retrospective longitudinal study of the pediatric patient 
database was conducted at the Unit of Phoniatrics, in the 
outpatient clinic of Alexandria Main University hospital. 
It was conducted within the period of 6 months starting 
January 7, 2019. The ethics committee of the Faculty of 
Medicine, Alexandria University (IRB NO: 00012098, 
FWA NO: 00018699) approved the study (0,105,978). 
The recorded data of 33 children were evaluated in this 
study. All patients suffered from prelingual deafness and 
had normal mental function with no other comorbidities. 
Inclusion criteria involved hearing-impaired children of 

both sexes, who underwent CI for at least 2 years, good 
audiological profile after CI (normal hearing level or mild 
hearing loss).

Methods
All study participants were assessed by phoniatricians of 
at least 3  years’ experience in phoniatrics practice, and 
the IQ was assessed by expert psychometrists of more 
than 20  years’ experience at the Unit of Phoniatrics, in 
the outpatient clinic of Alexandria Main University hos-
pital. All data was obtained from the database of the chil-
dren records.

Pre‑operative
All study participants underwent the following protocol 
of assessment including the following:

A. Elementary diagnostic procedures

• History taking including the following:

➢ Personal data, parents’ consanguinity, and socio-
economic status

➢ Age of hearing loss discovery and causative 
factor (if known)
➢ Pre-implant residual hearing
➢ Hearing aids (age when it was fitted, lateral-
ity, and regularity of hearing aid use)

➢ Medical history and relevant pre-natal, peri-natal, 
and post-natal events

• Audiological evaluation (pure tone audiometry)
• Lip reading, sound detection, and auditory per‑

ceptual assessment (APA) to obtain:

➢ Levels of receptive language skills (RLS GM) after 
Geers and Moog [12, 13]

▪ I: Demonstrates awareness that the mouth and/or 
voice convey information

▪ II: Demonstrates comprehension of a few 
words or expressions
▪ III: Demonstrates the ability to learn new 
words
▪ IV: Demonstrates the ability to acquire new 
comprehension vocabulary in phrases and 
sentence

▪ V: Demonstrates comprehension of successive 
phrases and sentences
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➢ Levels of expressive language skills (ELS GM) 
after Geers and Moog [12, 13].

▪ I: Demonstrates awareness that vocalizations are 
used to communicate

▪ II: Demonstrates the ability to use a few sylla-
bles, words or expressions
▪ III: Demonstrates the ability to learn new 
expressive vocabulary
▪ IV: Demonstrates the ability to acquire new 
expressive vocabulary fairly readily
▪ V: Demonstrates the ability to join 2 or 3 
words together
▪ VI: Demonstrates the ability to combine verbs 
and nouns in phrases or sentences
▪ VII: Demonstrates the ability to use sentences 
containing a modifying word or phrase
▪ VIII: Demonstrates the ability to use sentences 
containing more than one type of modifying 
word or phrase

▪ IX: Demonstrates the ability to use sentences con-
taining more than one verb form

➢ Categories of auditory performance (CAP) 
[14]

▪ 0: No awareness of environmental sounds
▪ 1: Awareness of environmental sounds
▪ 2: Response to speech sounds (e.g., ‘‘go’’)
▪ 3: Identification of environmental sounds
▪ 4: Discrimination of some speech sounds 
without lip-reading
▪ 5: Understanding of common phrases without 
lip-reading
▪ 6: Understanding of conversation without lip-
reading

▪ 7: Use of telephone with known listener

➢ Speech intelligibility rating criteria (SIR) [15]

• Category 1: Connected speech is unintelli-
gible. Pre-recognizable words in spoken lan-
guage, primary mode of communication may 
be manual.

• Category 2: Connected speech is unintelligi-
ble. Intelligible speech is developing in single 
words when context and lip-reading cues are 
available.

• Category 3: Connected speech is intelligible 
to a listener who concentrates and lip-reads.

• Category 4: Connected speech is intelligible 
to a listener who has a little experience of a 
deaf person’s speech.

• Category 5: Connected speech is intelligible 
to all listeners. Child is understood easily in 
everyday contexts.

• Speech and language rehabilitation prior to 
implantation: (duration and regularity were 
recorded)

B. Clinical diagnostic procedures

• Formal language testing using the following:

❖Test of acquired communication skills (TACS) for 
children younger than 2 years [16].
❖Arabic Language Test (ALT) for children older 
than 2  years. Assessing receptive language, expres-
sive language, semantics, pragmatics, prosody, and 
articulation. The child’s score is then compared to 
the mean of his age group to determine the child’s 
language age and language defects [17].

• Articulation testing using Arabic articulation 
test (if it was available in the child’s records) [18]

• Psychometric evaluation

❖Vineland social maturity scale (VSMS) to assess 
Social quotient [19]

❖Stanford Binet Scale 4th edition to assess 
mental age, verbal intelligence quotient, abstract 
intelligence quotient, and general intelligence 
quotient [20]

❖Denver Developmental Screening Test (DDST), 
DENVER II for children less than 2 years [21]

Operative history

➢ Age at the time of implantation
➢ Unilateral/bilateral cochlear implant
➢ Brand: (Advance Bionics (AB), Cochlear, MED-
EL, Oticon)
➢ Implant type
➢ Site of insertion: (round window, extended round 
window, Boney cochleostomy)

Postoperative
Post-CI: Children were reassessed using same proto-
col same as pre-cochlear implantation in addition to the 
following:
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• Speech and language rehabilitation after implanta-
tion: place, duration, regularity, number of sessions, 
and type of parents’ involvement; active/passive 
involvement; and their commitment to required 
tasks.

Data management and statistical analysis
Data were collected, coded, revised, and entered the Sta-
tistical Package for Social Science (Rstudio) version 2.3.2. 
The data were presented as numbers and percentages for 
the qualitative data, mean, standard deviations, and ranges 
for the quantitative data with parametric distribution and 
median with interquartile range (IQR) for the quantita-
tive data with non-parametric distribution. Chi-square 
test and Fisher’s exact test were used in the comparison 
between two groups with qualitative data. Paired t test was 
used in the comparison between paired two groups (before 
and after) with quantitative data and parametric distribu-
tion and Wilcoxon paired test was used in the comparison 
between two groups with quantitative data and non-para-
metric distribution. The confidence interval was set to 95% 
and the margin of error accepted was set to 5%. So, the p 
value was considered significant if < 0.05.

Results
Descriptive results
The study included 19 (57.6%) males and 14 (42.4%) 
females. The age of all cases ranged from 3.11 to 
13.1 years with a median (IQR) of 8.9 (6.8–10.4) years. 
The age of hearing loss ranged from 0.0 to 48.0 months 
with a median (IQR) of 15 (8.0–20.0) months. The eti-
ologies of hearing loss were unknown in 30 patients 
(90.9%), meningitis in two patients (6.06%), and otitis 
media in one patient (3.03%). The age of hearing aids 
fitting ranged from 1.0 to 21.0  months with a median 
(IQR) of 9.0 (5.0–13.50) months. Twenty patients 
(60.6%) used binaural hearing aids, 11 patients (33.3%) 
used a monoaural right hearing aid, and two patients 
(6.1%) used no hearing aids. The majority of our 
patients (75.7%) used their hearing aids regularly while 
18.2% used them irregularly. Positive parent involve-
ment was reported in 75.8% (25 patients) of all cases.

At the time of the CI operation, the age of the patients 
ranged between (0.58–7.0) years with a median of 4 
(2.5 to 5.0) years. All patients (33) received unilateral 
implants (right side). The implants brands were MED-
EL, cochlear, and Oticon implants which were used in 
22 (66.67%) patients, 7 (21.21%) patients, and 4 patients 
(12.12%), respectively. Boney cochleostomy insertion 
was performed in 14 patients (42.2%), and round win-
dow insertion was conducted in 10 patients (30.3%) 

while extended round window insertion was carried 
out in 9 patients (27.3%) as shown in Tables 1 and 2.

Comparative results

a. Comparison of Levels of Receptive Language Skills 
(RLS GM) before and after operation was demon-
strated in Fig. 1. The levels of RLS GM before and after 
the operation were distributed as the following: 15 
patients (45.5%) before the operation and one patient 
(3.03%) after the operation demonstrated comprehen-
sion of a few words or expressions, 12 patients (36.4%) 
before the operation and no patient after the opera-
tion demonstrated awareness that the mouth and/or 
voice convey, 3 patients (9.09%) before the operation 
and 7 patients (21.2) after the operation demonstrated 
the ability to learn new words, two patients (6.06%) 
before the operation and 8 patients (24.2%) after oper-
ation demonstrated the ability to acquire new com-
prehensive vocabulary in phrases and sentences, and 
one patient (3.03%) before operation and 17 patients 
(51.5%) after the operation demonstrated comprehen-
sion of successive phrases and sentences. There was 
no statistically significant difference between RLS GM 
before and after the operation (p = 0.854).

b. Comparison between Levels of Expressive Language 
Skills (ELS GM) before and after operation illus-
trated in Fig.  2. The preoperative levels of ELS GM 
were distributed as the following: 15 (45.5%) patients 
demonstrated the ability to use a few syllables, words, 
or expressions; 12 (36.4%) patients demonstrated 
awareness about the used vocalization to communi-
cate; 3 (9.09%) patients demonstrated the ability to 
learn new expression; and 33 patients (9.09%) dem-
onstrated the ability to acquire new expressive vocab-
ulary readily.

The postoperative levels of ELS GM were distributed 
as the following: 8 patients (24.2%) demonstrated the 
ability to join 2 or 3 words together, 6 patients (18.2%) 
demonstrated the ability to learn new expressions, 6 
patients (18.2%) demonstrated the ability to combine 
verbs and nouns in phrases or sentence, three patients 

Table 1 Distribution of all studied cases according to their age 
and gender

Age (years) Min. – Max 3.11–13.1 years

Median (IQR) 8.9 (6.8–10.4)

Gender (n = 33) Female 14 (42.4%)

Male 19 (57.6%)
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(9.09%) demonstrated the ability to acquire new 
expressive vocabulary fairly readily, and two patients 
(6.06%) demonstrated the ability to use a few syllables, 
words, or expressions.

There was no statistically significant difference between 
ELS GM levels before and after the operation (p=0.208).

 iii. Comparison of Categories of Auditory Perfor-
mance (CAP) before and after Operation sim-
plified in Fig.  3. Regarding preoperative CAP, 12 
patients (36.4%) responded to speech sound, 6 
patients (18.2%) had no awareness to the environ-
mental sounds, 6 patients (18.2%) discriminated 
some speech sounds without lip-reading, 4 patients 

(12.1%) were aware of environmental sounds, and 
3 patients (9.09%) identified the environmental 
sounds. Regarding postoperative CAP, 14 patients 
(42.3%) understood the common phrases without 
lip-reading, 11 patients (33.3%) understood the con-
versation without lip-reading, and 7 patients (21.1%) 
had no awareness of environmental sounds. There 
was no statistically significant difference between 
CAP before and after the operation (p = 0.737).

 iv. Fig.  4 illustrated the comparison of Speech Intel-
ligibility Rating (SIR) Criteria before and after the 
operation. Comparison of SIR before and after the 
operation showed the following, among 27 patients 
(81.8%) before the operation and no patient after 

Table 2 Distribution of all studied cases according to demographic data

Age of hearing loss (months) Min. – Max 0.0–48.0 (months)
Median (IQR) 15.0 (8.0 to 20.0)

Causes of hearing loss (n = 33) Meningitis 2 (6.06%

Otitis media 1 (3.03%)

Unknown 30 (90.9%)

Age of hearing aids fitting (months) Min – Max 1.0–21.0 (months)

Median (IQR) 9.0 (5.0 to 13.50)

Laterality of hearing aids (n = 33) Binaural 20 (60.6%)

Mono aural right 11 (33.3%)

No hearing aids 2 (6.1%)

Regularity of using hearing aids (n = 33) Irregular 6 (18.2%)

No hearing aids 2 (6.1%)

Regular 25 (75.7%)

Parents’ involvement (n = 33) Negative 8 (24.2%)

Positive 25 (75.8%)

Fig. 1 Comparison of levels of receptive language skills (RLS GM) before and after operation
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the operation, unintelligible pre-recognizable words 
in spoken language primary mode of communi-
cation was manual, among two patients (6.06%) 
before the operation and three patients (9.09%) 
after the operation, unintelligible intelligible speech 
is developing in single words with context and lip-
reading, two patients (6.06%) before operation, and 
10 patients (30.3%) after operation were intelligible 
to the listener who concentrates and lip-reading, 
two patients (6.06%) patients before operation and 
16 patients (48.5%) after the operation were intel-
ligible to a listener who has a little experience of a 

real person’s speech; finally, no patient before the 
operation and 4 patients (12.1%) after the operation 
were intelligible to all listeners and child understood 
easily in everyday contexts. There was no statisti-
cally significant difference between SIR before and 
after the operation (p = 0.813).

 v. The Comparison of Stanford Binet IQ improve-
ment before and after the operation was shown 
in Table 3. There was a statistically significant dif-
ference before and after the operation, as regards 
language age (years), abstract IQ score, general IQ 
score, general IQ categories, and audiological pro-

Fig. 2 Comparison between Levels of Expressive Language Skills (ELS GM) before and after operation

Fig. 3 Comparison of Categories of Auditory Performance (CAP) before and after operation
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file (p < 0.0001, P = 0.0001, p = 0.006, p = 0.052, and 
p < 0.0001, respectively).

Analysis of variable results

a. Univariate and multivariate linear regression showed 
no statistically significant difference as a separate 
variable or in the presence of all variables of gen-
eral IQ score (postoperative) and age of hearing loss 
(months), cause of hearing loss, age of hearing aids 
(months), duration of hearing deprivation till hear-
ing aids (months), duration of hearing deprivation 
from hearing loss till CI (years), duration of rehabili-
tation in years (preoperative), age at time of CI sur-
gery (years), implant brand, site insertion, and parent 
involvement as shown in Table 4.

b. Univariate and multivariate linear regression showed 
that there was a statistically significant difference 
between language age scores and age at the time of 
CI surgery as a separate variable (p = 0.006) and in 
the presence of other variables (adjusted p = 0.016). 
While no statistically significant difference was found 
between Arabic language test (years) (postoperative) 
and age of hearing loss (months), cause of hearing 
loss, age of hearing aids (months), duration of hear-
ing deprivation till hearing aids (months), dura-
tion of hearing depravation from hearing loss till CI 
(years), duration of rehabilitation in years (preopera-
tive), age at time of CI surgery (years), implant brand, 
site insertion, and parents involvement as shown in 
Table 5.

c. Univariate and multivariate linear regression showed 
that there was a statistically significant difference 
between audiological profile score and age of hear-
ing loss (months), age at time of CI surgery, and site 
of insertion (round window) as a separate variable 
(p = 0.017, p = 0.001, p = 0.019, respectively). No sta-
tistically significant difference was found between 
audiological profile score (postoperative) and age of 
hearing loss (months), cause of hearing loss, age of 
hearing aids (months), duration of hearing depriva-
tion till hearing aids (months), duration of hearing 
depravation from hearing loss till CI (years), duration 
of rehabilitation in years (preoperative), age at time 
of CI surgery (years), implant brand, site insertion, 
and parents’ involvement as shown in Table 6.

Discussion
Cochlear implantation (CI) has become the most suc-
cessful neural prosthesis, for auditory rehabilitation 
of children with severe to profound SNHL who fail to 
benefit from conventional amplification. Technologi-
cal developments in CI systems on which a sequence 
of speech coding strategies have been implemented 
seem to have resulted in improved speech perception. 
Nevertheless, changing selection criteria for implanta-
tion have coincided with growing technology and post-
CI speech perception advancement. The main goal of a 
CI is to use electric stimulation to restore functional 
hearing [22, 23].

This study investigated factors contributing to the com-
prehension and production of language by children with 

Fig. 4 Comparison of Speech Intelligibility Rating Criteria before and after operation
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Table 3 Comparison of median of language age and intellectual abilities of the studied population preoperative and postoperative

Preoperative Postoperative Test of significance

Language age (years)
 Min. – Max 0–3.208 years 2.25–7.75 years P < 0.0001*
 Median (IQR) 1.167 (1.0–1.67) 4.75 (2.75–6.25)

 VSMS:
 Min. – Max 1.0–17.0 75.0–97.0 P = 0.25

 Median (IQR) 11.0 (7.0–13.0) 78.0 (76.5–87.5)

Categories of Vineland Social Maturity Scale
 Borderline 25 (75.8%) 1 (3.03%) P = 0.99

 Mild 3 (9.09%) 0 (0.0)

 Average 2 (6.06%) 1 (3.03%)

 Slow learner 1 (3.03%) 1 (3.03%)

 No hearing aids 2 (6.06%) 0 (0.0)

Verbal IQ score
 Min. – Max 36.0–80.0 36.0–92.0 P = 0.614

 Mean ± (SD) 58.44 ± (16.11) 66.7 ± (16.57)

Verbal IQ categories
 Average 0 ± (0.0%) 4 ± (12.1%) P = 0.439

 Below average 1 ± (3.0%) 5 ± (15.2%)

 Mild 2 ± (6.1%) 14 ± (42.4%)

 Moderate 3 ± (9.1%) 3 ± (9.1%)

 No hearing aids 2 ± (6.1%) 0 ± (0.0%)

 Non testable 22 ± (66.7%) 0 ± (0.0%)

 Severe 1 ± (3.0%) 2 ± (6.1%)

 Slow learner 2 ± (6.1%) 5 ± (15.2%)

Abstract IQ score
 Min. – Max 55.0–100.0 78.0–120.0 P = 0.0001*
 Mean ± (SD) 83.48 ± (9.81) 94.45 ± (10.41)

Abstract IQ categories
 Excellent 0 ± (0.0) 2 ± (6.1%) P = 0.701

 Average 7 ± (21.2%) 20 ± (60.6%)

 Above average 0 ± (0.0) 1 ± (3.0%)

 Below average 16 ± (48.5%) 8 ± (24.2%)

 Borderline 1 ± (3.0%) 0 ± (0.0)

 Mild 2 ± (6.1%) 0 ± (0.0)

 No 2 ± (6.1%) 0 ± (0.0)

 Slow learner 5 ± (15.2%) 2 ± (6.1%)

General IQ score
 Min. – Max 52.0–100.0 73.0–112.0 P = 0.006*
 Mean ± (SD) 82.42 ± (9.46) 88.61 ± (8.13)

General IQ categories
 Above average 0 ± (0.0) 1 ± (3.0%) P = 0.052*
 Average 6 ± (18.2%) 14 ± (42.4%)

 Below average 16 ± (48.5%) 14 ± (42.4%)

 Borderline 1 ± (3.0%) 0 ± (0.0)

 Mild 2 ± (6.1%) 0 ± (0.0)

 No 2 ± (6.1%) 0 ± (0.0)

 Slow learner 6 ± (18.2%) 4 ± (12.1%)



Page 9 of 14Elhakeem et al. The Egyptian Journal of Otolaryngology           (2023) 39:42  

prelingual SNHL after at least 2 years of CI use. Studying 
the effect of different factors so that maximum implant 
benefit could be achieved [24].

The outcome varies in the studied children and 
depends among others on the age of implantation, 

residual hearing, mode of communication, and support 
of family, as well as the quality, regularity, and length of 
rehabilitation. These factors contribute to speech per-
ception abilities and were found to explain some of the 
variances in results [25, 26].

Table 3 (continued)

Preoperative Postoperative Test of significance

Audiological profile degree of HL in dB HL
 Min. – Max 90.0–110.0 20.0–35.0 P < 0.0001*
 Median (IQR) 100.0 (95.0–105.0) 25.0 (24.0–30.0)

Audio logical profile categories
 Profound 32 (97.0%) 0 (0.0) P = 0.485

 Severe 1 (3.0%) 0 (0.0)

 Mild hearing loss 0 (0.0) 16 (48.5%)

 Normal hearing 0 (0.0) 17 (51.5%)

P value < 0.05, significant; P value < 0.01, highly significant

Table 4 Multivariate linear regression of general IQ score (postoperative)

P value < 0.05, significant; P value < 0.01, highly significant

General IQ score (postoperative)

Mean ± (SD) Coefficient (univariable) Coefficient (multivariable)

Age of hearing loss (month)
88.6 ± (8.1)  − 0.03 (− 0.28 to 0.22, p = 0.807)  − 0.14 (− 0.56 to 0.28, p = 0.492)

Cause of hearing loss
 Meningitis 83.5 ± (2.1) - -

 Otitis media 75.0 ± (0)  − 8.50 (− 28.18 to 11.18, p = 0.385)  − 7.49 (− 28.98 to 14.01, p = 0.476)

 Unknown 89.4 ± (8.0) 5.90 (− 5.84 to 17.64, p = 0.313) 2.47 (− 12.60 to 17.54, p = 0.736)

Age of hearing aids fitting (months)
89.2 ± (8.0)  − 0.23 (− 0.73 to 0.27, p = 0.355)  − 0.23 (− 0.73 to 0.27, p = 0.355)

Duration of hearing deprivation till hearing aids (months)
88.6 ± (8.1)  − 0.34 (− 0.93 to 0.25, p = 0.252)  − 0.23 (− 0.97 to 0.50, p = 0.518)

Duration of hearing depravation from hearing loss till CI (years)
88.6 ± (8.1) 1.10 (− 0.32 to 2.53, p = 0.125) 0.23 (− 1.63 to 2.10, p = 0.796)

Duration of rehabilitation in years (pre‑operative)
89.1 ± (8.3)  − 0.12 (− 1.22 to 0.98, p = 0.820)  − 0.12 (− 1.22 to 0.98, p = 0.820)

Age of operation cochlear implantation CI (year)
88.6 ± (8.1) 0.52 (− 1.32 to 2.35, p = 0.569)  − 0.41 (− 3.99 to 3.18, p = 0.815)

Implant brand
 Cochlear 90.9 ± (12.1) - -

 MED‑EL 86.8 ± (6.1)  − 4.04 (− 10.76 to 2.68, p = 0.229)  − 3.82 (− 12.83 to 5.18, p = 0.386)

 Oticon 98.7 ± (0.6) 7.81 (− 2.87 to 18.49, p = 0.146) 5.71 (− 7.77 to 19.18, p = 0.387)

Site of insertion
 Boney cochleostomy 90.4 ± (9.1) - -

 Extended round window 90.0 ± (8.3)  − 0.36 (− 7.33 to 6.62, p = 0.917)  − 2.21 (− 10.49 to 6.08, p = 0.585)

 Round window 84.9 ± (5.7)  − 5.46 (− 12.21 to 1.30, p = 0.110)  − 4.47 (− 14.42 to 5.49, p = 0.360)

Parents’ involvement
 Negative 86.6 ± (5.6) - -

 Positive 89.2 ± (8.8) 2.61 (− 4.16 to 9.39, p = 0.437) 0.54 (− 7.75 to 8.83, p = 0.893)



Page 10 of 14Elhakeem et al. The Egyptian Journal of Otolaryngology           (2023) 39:42 

The present study of 33 cases consisted of 19 males 
(57.6%) and 14 (42.4%) females. This is consistent with 
the findings of Abdel Hamid et al. who reported approxi-
mately equal male to female distribution in children with 
SNHL. However, this is contradictory to earlier studies 
that showed male predominance in children with senso-
rineural hearing loss [27].

All cases were deafened under 3 years of age. The age 
of hearing loss ranged from 0.0 to 48.0 months and were 
implanted within the range between (0.58–7.0) years at 
the time with a median of 4 (2.5 to 5.0) years (most under 
age 5). Although most of the children were reportedly 
deaf from birth, 30 patients (90.9%). However, 9.09% of 
them had some known etiology of deafness after birth, 
meningitis in two patients (6.06%), and otitis media in 
one patient (3.03%). For the 33 children, the mean age at 
first hearing aid fit ranged from 1 to 21  months with a 
median of 9 (5.0–13.50) months [24].

The most common etiology of bilateral SNHL is 
unknown in agreement with the finding of Sanjay Mor-
zaria et  al. who discussed two studies that assessed 
patients with unknown SNHL prospectively to iden-
tify unrecognized causes. Although their methodology 
was unclear, the authors stated a diagnosis in 44% of 
unknown cases with prospective evaluation [28].

The timing of HL in all the subjects was pre-lingual; 
the age of hearing loss ranged from birth to 48 months, 
and the degree of hearing loss was bilateral severe to 
profound SNHL ranges from 90 to 110 dB HL in all 33 
cases. The pure-tone audiogram results showed sig-
nificant improvement in hearing at all frequencies after 
cochlear implantation. The subjects ranged from having 
normal hearing to having mild hearing loss (20–35  dB 
HL). This is to be expected because the direct stimula-
tion of the auditory nerve endings at the different sites 
in the cochlea leads to increased sound perception at all 
frequencies. This effect is seen in all subjects, unrelated 

Table 5 Multivariate linear regression of language test score (years) (postoperative)

P value < 0.05, significant; P value < 0.01, highly significant

Language test score (years)

Mean ± (SD) Coefficient (univariable) Coefficient (multivariable)

Age of hearing loss (months)
4.8 ± (1.9) 0.02 (− 0.04 to 0.08, p = 0.494)  − 0.09 (− 0.19 to 0.01, p = 0.063)

Cause of hearing loss
 Meningitis 5.0 ± (3.2) - -

 Otitis media 2.8 ± ( −)  − 2.25 (− 7.18 to 2.68, p = 0.358)  − 1.85 (− 6.80 to 3.11, p = 0.446)

 Unknown 4.8 ± (1.9)  − 0.15 (− 3.09 to 2.79, p = 0.918)  − 2.02 (− 5.50 to 1.45, p = 0.239)

Age of hearing aids fitting (months)
4.9 ± (1.9)  − 0.03 (− 0.16 to 0.09, p = 0.565)  − 0.03 (− 0.16 to 0.09, p = 0.565)

Duration of hearing deprivation till hearing aids (months)
4.8 ± (1.9)  − 0.04 (− 0.19 to 0.10, p = 0.540)  − 0.08 (− 0.25 to 0.09, p = 0.347)

Duration of hearing depravation from hearing loss till CI (years)
4.8 ± (1.9) 0.11 (− 0.24 to 0.46, p = 0.533)  − 0.20 (− 0.63 to 0.23, i = 0.345)

Duration of rehabilitation in years (preoperative)
5.0 ± (1.9) 0.08 (− 0.17 to 0.32, p = 0.534) 0.08 (− 0.17 to 0.32, p = 0.534)

Age of operation cochlear implantation CI (years)
  [0.58,7] 4.8 ± (1.9) 0.57 (0.18 to 0.96, p = 0.006) 1.05 (0.22 to 1.87, p = 0.016*)
Implant brand
 Cochlear 4.7 ± (2.3) - -

 MED‑EL 5.0 ± (1.8) 0.28 (− 1.48 to 2.03, p = 0.750)  − 0.45 (− 2.52 to 1.63, p = 0.659)

 Oticon 4.8 ± (2.6) 0.07 (− 2.72 to 2.86, p = 0.959)  − 1.32 (− 4.42 to 1.79, p = 0.387)

Site of insertion
 Boney cochleostomy 5.1 ± (1.9) - -

 Extended round window 5.1 ± (1.7) 0.07 (− 1.63 to 1.77, p = 0.936)  − 0.59 (− 2.50 to 1.32, p = 0.528)

Round window 4.1 ± (2.2)  − 0.97 (− 2.62 to 0.67, p = 0.238)  − 0.76 (− 3.06 to 1.53, p = 0.495)

Parents’ involvement
Negative 5.2 ± (1.8) - -

Positive 4.7 ± (2.0)  − 0.52 (− 2.14 to 1.11, p = 0.520)  − 0.28 (− 2.20 to 1.63, p = 0.760)
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to the brand or model of multichannel CI and site of 
insertion [29].

The collected data also showed a significant difference 
between age of hearing loss discovery and degree of hear-
ing level improvement after CI which stresses the impor-
tance of early hearing screening.

Children with HL which was diagnosed by 6 months 
of age with early intervention demonstrated signifi-
cantly better language and IQ scores than those in 
whom a hearing loss was identified after 6  months of 
age. Thus, the current candidacy criteria have been 
expanded to allow deaf children to access the benefits 
of CI as early as possible [30].

Regarding their hearing technology, 31 (93.99%) patients 
used HA, the age of HA fitting ranged from 1 to 21 months 
while 20 patients (60.6%) used binaural HA, 11 patients 
(33.3%) used a monoaural right HA, while two patients 
(6.1%) wore no HA because they underwent CI surgery 

when they were under 12 months old. Most of our patients 
(75.7%) used their hearing aids regularly while 18.2% used 
them irregularly. Positive parent involvement in terms 
of understanding and commitment to rehabilitation was 
reported in 75.8% (25 patients) of all cases prior to surgery.

All 33 cases got unilateral right CI afterward, this is 
consistent with the increased use of CI for hearing res-
toration for children with severe to profound HL due 
to earlier diagnosis and preference for earlier implanta-
tion these days [31].

Although improved, no statistically significant dif-
ference was found in levels of receptive language skills, 
levels of expressive language skills, CAP or SIR scores 
of the studied cases when compared before and after 
CI. This is contradictory to the findings of Bernhard 
Richter et  al. [13]. It might be attributed to the small 
number of cases included in this study.

Table 6 Multivariate linear regression of audiological profile score (postoperative)

P value < 0.05, significant; P value < 0.01, highly significant

Audiological profile score (postoperative)

Mean ± (SD) Coefficient (univariable) Coefficient (multivariable)

Age of hearing loss (month)

27.4 ± (4.8) 0.16 (0.03 to 0.30, p = 0.017*) 0.04 (− 0.18 to 0.27, p = 0.683)

Cause of hearing loss

 Meningitis 22.5 ± (3.5) - -

 Otitis media 20.0 ± (NA)  − 2.50 (− 13.84 to 8.84, p = 0.656)  − 5.01 (− 16.45 to 6.43, p = 0.372)

 Unknown 28.0 ± (4.6) 5.50 (− 1.26 to 12.26, p = 0.107) 0.62 (− 7.40 to 8.63, p = 0.874)

Age of hearing aids fitting (months)

27.7 ± (4.7)  − 0.01 (− 0.31 to 0.29, p = 0.937)  − 0.01 (− 0.31 to 0.29, p = 0.937)

Duration of hearing deprivation till hearing aids (month)

27.4 ± (4.8)  − 0.32 (− 0.66 to 0.02, p = 0.062)  − 0.21 (− 0.60 to 0.19, p = 0.285)

Duration of hearing depravation from hearing loss till CI (year)

27.4 ± (4.8) 0.22 (− 0.64 to 1.09, p = 0.600)  − 0.53 (− 1.52 to 0.46, p = 0.279)

Duration of rehabilitation in years (pre-operative)

27.7 ± (4.7) 0.10 (− 0.52 to 0.72, p = 0.739) 0.10 (− 0.52 to 0.72, p = 0.739)

Age of operation cochlear implantation CI (year)

27.4 ± (4.8) 1.58 (0.67 to 2.50, p = 0.001*) 1.09 (− 0.82 to 2.99, p = 0.249)

Implant brand

 Cochlear 27.3 ± (4.5) - -

 MED-EL 27.4 ± (5.1) 0.12 (− 4.24 to 4.48, p = 0.954) 0.37 (− 4.42 to 5.16, p = 0.874)

 Oticon 29.3 ± (4.0) 2.05 (− 4.88 to 8.98, p = 0.550)  − 0.79 (− 7.96 to 6.38, p = 0.821)

Site of insertion

 Boney cochleostomy 28.6 ± (4.1) - -

 Extended round window 29.3 ± (5.2) 0.76 (− 3.04 to 4.56, p = 0.685) 0.10 (− 4.31 to 4.51, p = 0.962)

 Round window 24.1 ± (3.8)  − 4.47 (− 8.15 to − 0.79, p = 0.019*)  − 2.44 (− 7.74 to 2.85, p = 0.348)

Parents’ involvement

 Negative 26.6 ± (4.6) - -

 Positive 27.7 ± (4.9) 1.05 (− 2.95 to 5.06, p = 0.595) 2.66 (− 1.75 to 7.07, p = 0.223)
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When comparing between pre- and post-CI a statisti-
cally significant increase in the abstract IQ and General 
IQ scores of the cases was found. Moreover, a sta-
tistically significant increase in the scores of the total 
language age in all cases was found when the mean dif-
ference of the scores of the TACS and Arabic language 
test was compared before and after the operation.

The presented data are consistent with the pediatric 
literature, demonstrating that children gain significant 
improvement in speech perception, auditory skills as well 
as receptive and expressive language following implanta-
tion [11, 32].

The improvement in the scores was enough to detect 
an overall significant improvement in the total language 
age. With different magnitude of progress, while this 
might be attributed to the scoring system of the Arabic 
language test, in which each subtest score is converted 
into an equivalent language age with a 6-month inter-
val between the equivalent ages. It is mainly due to the 
multivariate dependent variable nature of this study that 
makes each case has its own distinctive outcome.

Additionally, these results confirm the role of CI in the 
progress of language acquisition leading to an increase 
in the verbal intelligence scores with no statistically sig-
nificant difference found. This was confirmed by the 
improvement detected in the language skills of the cases.

The collected data show that language development 
and verbal intelligence develop faster in the younger age, 
and this might be due to an increase in the level of neural 
auditory plasticity in the first 6  years of life with maxi-
mum plasticity up to the first 4 years of life resulting in 
faster linguistic acquisition [33].

There was a statistically significant difference between 
language age scores and age at the time of CI. Results 
from this study suggest that early implantation is asso-
ciated with rate increases in the acquisition of language. 
These findings emphasize the need to develop objective 
tools to monitor the benefit of amplification in develop-
ing language acquisition and guide timely intervention 
with CI [32].

So, the sooner children with hearing loss received their 
cochlear implant, the better their language outcome. this 
statement is in agreement with other recent studies which 
reported that the age of implantation ranged from 6 to 
48 months due to the concept of a sensitive period [34].

It is contributed to the neural maturation processes 
of the auditory pathway, the active part of which starts 
in the first few months of life (after around 6.5 months) 
with what is termed canonical babbling. Clinical stud-
ies showed that artificial electrical stimulation results 
in inadequate maturation of the auditory pathway. 
Investigations into the cortical maturation of congeni-
tally deaf children who underwent prelingual cochlear 

implantation revealed both physiologically normal mat-
uration characteristics and characteristics that differed 
from the physiology of normal-hearing people [35, 36].

This is contrary to what was reported by Geers et  al. 
who stated that receiving an implant at 2 years of age was 
not of any significance in regard to linguistic gain over 
receiving it at 5 years of age [24]. While it is in agreement 
with the findings of Kirk et  al. [37] and Lee-Suk Kim 
et al. [38] who reported a significant advantage for chil-
dren getting implanted under 2 years compared with 3 to 
4 years of age.

This study included a follow-up of a few early 
implanted children suggests that age at implantation 
determines expressive language development, auditory 
skills, speech understanding, and oral linguistic develop-
ment. Therefore, young age at implantation is an impor-
tant determining factor of outcome as demonstrated in 
Tables 3 and 4 [39].

It also stated that early implantation age (under 2 years) 
makes a significant improvement in the degree of hear-
ing level postoperative in comparison to older aged chil-
dren furthermore in regard of surgical data we found that 
the round window technique for cochlear implant elec-
trode insertion gives better results as well, in agreement 
of the finding of Leong et  al. who concluded that the 
round window approach is a practical choice in CI sur-
gery since it permits an angle of insertion that minimizes 
intracochlear trauma so insertion of the electrode array 
through the round window allows for most anatomical 
variations in cochlear size and orientation to maximize 
full and accurate electrode array placement in the scala 
tympani, a feature generally considered to be associated 
with improved auditory outcomes [40].

Limitations of the study
It had to be mentioned that unfortunately, the number of 
subjects was relatively small as collecting data was con-
fined to a short period of time; and thus, statistical evalu-
ation was difficult. Consequently, this study only sheds 
light on the performance of a relatively small number of 
cochlear implanted children at a given time. Longer lon-
gitudinal prospective larger-scale multi-centric studies 
are needed to adequately assess their progress and the 
outcomes during the first few years post-implantation.

Conclusion
CI children showed significant improvement in speech 
perception, auditory skills, and IQ scores as well as 
receptive and expressive language after CI denoted by the 
improvement of language age. Significant improvement 
was found in early implantation age (under 2 years) in the 
postoperative degree of hearing level and in language test 
scores in comparison to older aged children.
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