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ABSTRACT

Introduction: Young children who experience severe-to-profound sensory-neural hearing loss (SNHL) face challenges
in developing spoken language since they are unable to detect acoustic-phonetic cues which are essential for speech
recognition.

Aim: The aim of this study was to examine the influence of age at implantation on children's language development to
detect whether early intervention with cochlear implantation in children with severe to profound SNHL results in better
linguistic outcomes.

Subjects and Methods: 60 children from the cochlear implant unit from the Kasr El Ainy hospital were recruited to
participate in this cross sectional study. They suffered from congenital bilateral severe to profound sensori-neural hearing
loss since birth. They all had unilateral cochlear implant. Their ages ranged from 2 - 7 years old, 30 of them received
cochlear implant prior to 5 years of age and the other 30 children received cochlear implant after 5 years of age. They all
underwent formal language assessments.

Results: Comparison between group I & group II in receptive, expressive and total language ages obtained by the Arabic
Language Test with & without visual cues showed a significant difference between group I (early) and group II(late).
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INTRODUCTION The effect of age at implantation on children's
language development has been a major focus of
Young children who experience severe-to-profound research. Two related issues are frequently discussed
sensory-neural hearing loss (SNHL) face challenges in and debated in the literature: ‘(a) whether the command
developing spoken language since they are unable to detect of language in children with CIs will become equivalent
acoustic-phonetic cues which are essential for speech to that of their hearing peers by the age of 4-5 years and
recognition. This is also the case when they are fitted with (b) whether the likelihood of this happening is greater
traditional amplification devices (hearing aids). Cochlear the earlier the children are implanted within the first
implantation is the treatment of choice for over half the 4 years of life’. There is evidence that children who
children identified with early, severe-to-profound SNHL!!. are implanted by the age of 24 months make better
linguistic progress than the children who are implanted
The cochlear implant candidacy assessment and criteria laterll.
forselection varies from centerto center. Based onthe current
Food and Drug Adminstration (FDA) guidelines, ‘children One explanation for the better linguistic progress that
must present with a significant hearing loss, demonstrate a is expected in children who receive their cochlear implant
lack of auditory development with appropriately fit hearing earlier rather than later due to the concept of the sensitive
aids, and have no medical contraindications for surgery’. period®l. According to theories of neuro-cognitive
The patient must also undergo a thorough medical work up development, there is a period of ‘heightened sensitivity
to exclude any contraindication for surgery!?. for language learning in young humans’.
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Infants who hear normally develop spoken language with
great ease primarily through their auditory channel. Young
infants can detect the differences among various acoustic
phonetic units specific to their native language, as well as
those of other languages to which they have had no exposurel®.

During the first few years of life, the developing brain
largely depends on external stimulation to form meaningful
neural connections and a functional network, which can
support behavioral learning!®.

When sensory input such as hearing is absent, the
consequences on brain development can be devastating.
Normal auditory responses from the brain are either
delayed or non-existent in deaf humans, indicating that
brain maturation is highly dependent upon appropriate
stimulation. A cochlear implant can provide a deaf child
with the stimulation necessary for the central auditory
pathways to develop, cochlear implantation which occurs
within a development time period of maximal neuronal
plasticity, i.e., a sensitive period, results in the most optimal
outcomes for the implanted child!™.

Auditory deprivation caused by deafness has a direct
relation to the severe impairment of speech and language
development in children®™. The lack of sensory activity
which leads to poorer neuro-plasticity is incriminated for
that. However, this deleterious effect can be reversed by
the provision of sensory stimulation such as delivered by
hearing aids or cochlear implantation®.

Research and observation suggest that spoken
language performance outcomes are best for those who
are implanted very young when language is typically
developing . This is the time when the brain most readily
masters language . For children implanted at the youngest
ages (prior to 18 months ), spoken language appears
to emerge most naturally. As children are implanted
at progressively later ages, outcomes and rate of
development are varied!”,

For children who have had experience hearing and who
have lost their hearing later, a similar rule applies: The
shorter the time period of deafness, the more likely they
are to benefit from a cochlear implant. Today, children are
being implanted at ages as young as their first year of life.
Additionally, research has shown better results for children
implanted at a very young agel'!l.

Other researchers debate that any child may be able
to benefit from a cochlear implant regardless of his or
her age. However, for children who have become deaf
before learning to speak, success is more likely if they are
implanted at a young age!'?.

The debate of the appropriate age of implantation
continues and up to the authors’ knowledge research is still
lacking on Egyptian Arabic speaking children to detect

the influence of age at the time of implantation on the
linguistic outcomes of those children to confirm or cancel
the existence of the relation in Arabic speaking populations.

Aim

The aim of this study was to examine the influence of
age at implantation on children's language development
to detect whether early intervention with cochlear
implantation in children with severe to profound SNHL
results in better linguistic outcomes.

SUBJECTS AND METHODS

Sixty children from the cochlear implant unit from
the Kasr El Ainy hospital were recruited to participate in
this cross sectional study. They suffered from congenital
bilateral severe to profound sensori-neural hearing loss
since birth and they all fitted the criteria for cochlear
implant candidacy set by the Egyptian National Health
Insurance Committee for Cochlear Implantation. They all
had unilateral cochlear implant.

Their ages ranged from 2 - 7 years old at the time of the study,
30 of them received cochlear implant prior to 5 years of age and
the other 30 children received cochlear implant after 5 years of age.

All 60 children were attending speech language therapy
sessions at Phoniatric unit, Kasr El Ainy hospital where
this study was performed. The children received their
language therapy in frequency twice weekly 1:1 30 minutes
sessions. All children were Egyptian Arabic speaking who
came from nearly the same socioeconomic standard.

Inclusion criteria for children were as follow:
1. Scores of IQ assessment is 85 or above.
2. Children with bilateral severe to profound sensory-
neural hearing loss and received unilateral cochlear

implant.

3. Children received speech, language and auditory
training for one year.

4. All children were growing up in a monolingual
environment (Arabic language).

5. The children and their parents attended Kasr El Aini
hospital for regular language therapy as well as for
audiological and technical management of the device.

Exclusion criteria were as follow:

1. Previous failed cochlear implant.

2. Structural or motor speech problems apparent on oral
examination.
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3. Additional developmental disorders (psychological-
neurological-motoric).

Methods:
Study time: From January 2014 to June 2014.

All children were subjected to the following assessment
protocol:

A. Parent interview and history taking, including
personal, family, peri-natal, developmental and
medical history.

B. Parent questionnaire: An Arabic questionnaire
was devised during initial period of the study and
was given to all parents to fill prior to the test of
the children. The doctor was present to explain
any unclear items and to ensure that all items
were fulfilled. The questionnaire consisted of 50
statements, parents were instructed to consider
whether they agree or disagree with each statement
and indicate their response with number that they
think best describe them and their child: 0 indicated
Disagree, 1 indicated Neutral and 2 indicated Agree.

Parent questionnaire included the following items:
1. Information about parents.
2. Communication abilities of the child.
3. Social skills of the child.
4. Academic achievement of the child.

5. If cochlear implant change in the future of
their child.

6. Rehabilitation demands of their child.
7. Satisfaction of the parents with their child's
communication, social and academic

abilities.

8. Stresses of parents they feel about their child.

9. Relationships of parents
surrounding their child.

with people

10. Communication with people surrounding
the child.

C. Standardised Arabic language test:[']

The test was performed either in one or more sessions
according to the ability of the child. The test was done
with and without visual cues. The test time ranged from 30
minutes to 1 hour. The test was used to assess: semantic,
receptive, expressive, and total language.

D. Modified preschool language scale (Arabic edition)!'¥]

Modified PLS - 4 is composed of two subscales,
receptive language scale which is composed of 62 items
and expressive language scale which is composed of 71
items. This test was used to assess receptive, expressive
and total language. The Total language was obtained by
adding both receptive and expressive language.

Statistical Analysis

Data was analyzed by Microsoft Office 2003 (excel)
and Statistical Package for Social Science (SPSS) version
16. Parametric data was expressed as mean + SD, and non
parametric data was expressed as number and percentage
of the total. Comparing the mean + SD of two groups was
done using paired and unpaired student's t test. Measuring
the mutual correspondence between two values was done
using the Spearman correlation coefficient. Determining
the extent that a single observed series of proportions
differs from a theoretical or expected distribution was done
using the Chi square test {P value > 0.05 is considered
non-significant, P value < 0.05 is considered significant,
P value < 0.01 is considered highly significant}.

RESULTS:

Comparison between total, semantic, expressive and
receptive language ages with and without visual cues in
group (I) as obtained by the Arabic Language Test showed
that there was no significant difference between all of them
as shown in (Table 1).
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Table 1: Comparison in group I between the assessment of total
language age with visual cues and total language age without
visual cues as done by Arabic language Test:

The results obtained for the Modified preschool language
scale (Arabic edition) showed significant difference between
group ( I ) and group ( II ) in receptive language (mean in
group (1) was (26.2) and group ( II ) was (23.7), expressive
language (mean in group (1) was (26.1) and group (1) was
(24.1) and total language (mean in group ( I ) was (26.1)
and group ( I ) was (23.8). There was significant difference
between group (1) and group (1I') in favor of group I which
means that cochlear implantation before 5 years gave better
results than later implantation as shown in (Table 3).

Table 3: Comparison between Group I and Group II in receptive,
expressive and total language ages by the Modified preschool
language scale (Arabic edition).

GROUPS Mean Std. T value P value
Deviation
Receptive GroupI  26.2000  3.75454
la“/f“age Group Tl 237667 54125 2022 048
ge
Expressive Groupl  26.1000 3.44764
la‘fuage GroupTl 241000 450555 31 039
ge
Total GroupI  26.1000  3.54625
la‘f;:ge Group Il 238000 480230 2110 040

Group I
With visual Without X* pvalue
cues Visual cues
Total language age

<2Yrs 7 12
2-2.6yrs 21 16 5.676*  0.129

2.6 -3 yrs 2 2

Semantic Language

2-2.6yrs 6 8

2.6 -3 yrs 8 10

3-3.6yrs 9 5
2.794° 0.732

3.6-4yrs 3 4

4-4.6yrs 3 3

4.6 -5yrs 1 0

Expressive language

<2Yrs 8 16
2-2.6yrs 19 11 4.800°  0.091

2.6 -3 yrs 3 3

Receptive language age

<2Yrs 19 25

226y " s 3.068° 0.080

Comparison between total, semantic, expressive and
receptive languages with visual and without visual cues in
group (II) ages as obtained by the Arabic Language Test
showed that there was no significant difference between all
of them as shown in (Table 2).

Table 2: Comparison in group II between assessment of total
language age with visual cues and total language age without
visual cues as done by Arabic language Test

Comparison between group I and group II in receptive
language ages obtained by the Arabic Language Test with
and without visual cues showed a significant difference
between group I and group II as shown in (Figures 1 and 2).

Total Group 1T
language ity visual Without X pvalue
age .
cues Visual cues
<2Yrs 22 23
0.089* 0.766
2-2.6yrs 8 7
Semantic Language
<2Yrs 5 8
2-2.6yrs 15 15
2.6 -3 yrs 6 5
1.983¢ 0.739
3-3.6yrs 1 0
3.6-4yrs 3 2
4.6 -5yrs 1 0
Expressive language
<2Yrs 25 26
0.131* 0.718
2-2.6yrs 5 4
Receptive language age
<2Yrs 28 30
0.089* 0.766
2-2.6yrs 2 0

Group | Group I

[ Receptive Without 2 - 2.6 yrs
M Receptive Without < 2 Yrs

Fig. 1: Comparison between group I and group II in receptive language

assessment without visual cues
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Receptive With 2 - 2.6 yrs
H Receptive With < 2 Yrs

Fig. 2: Comparison between group I and group II in receptive language

assessment with visual cues
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Comparison between group I and group II in expressive
language ages obtained by the Arabic Language Test with
and without visual cues showed a significant difference
between group I and group II as shown in (Figures 3 and 4).

30
25

25
20 19

15

10 8

5
5
.
0 T |

Group I Group II

[ Expressive With 2-2.6 yrs
O Expressive With < 2 Yrs

W Expressive With 2.6 - 3 yrs

Fig. 3: Comparison between group I and group II in expressive language

assessment with visual cues
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Fig. 4: Comparison between group I and group II in expressive language

assessment without visual cues

Comparison between group I and group II in total
language ages obtained by the Arabic Language Test with
and without visual cues showed a significant difference
between group I and group II as shown in (Figures 5 and 6).
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Fig. 5: Comparison between group I and group II in total language

assessment with visual cues
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Fig. 6: Comparison between group I & group II in total language

assessment without visual cues

The questionnaire in this study showed no significant
difference between parents of both group in all statements
except in statement 10, 11 and 31. Statement no. 10 which
is "Does Not need to look at the speaker's face®, Statement
no.11 which is "Does Not need to use sign language at all*
and Statement no.31 which is "Satisfied with my child's
communications abilities”. These three statements showed
a significant difference between group I and group II.

DISCUSSION

The sooner the children with hearing loss received
cochlear implant, the better their language outcome was’,
this statement is in agreement with other recent studies
which reported that age of implantation ranged from 6 to
48 months due to the concept of sensitive period. The exact
end point of this period is not known, the gradual decrease
in the brain sensitivity above the age of 4 years old is a
factll.

The assessment of receptive and expressive language
skills in this study was done with visual cues and without
visual cues to assess the discrepancy between the auditory
only versus auditory and visual channels in combination to
process spoken language. There was a significant difference
in the results obtained between group I and group II which
indicated that group I was mainly depending on their
auditory channels for listening and developing spoken
language more than group II. This is more natural and is
in favor of better outcomes obtained and more chance at
closing the gap earlier than group II.

Comparison between group I and group II in receptive,
expressive and total language ages obtained by the Arabic
Language Test with and without visual cues showed a
significant difference between group I and group II as
shown in (Figure 1,2,3,4,5 and 6).

This is in agreement with theory oft'! who stated that
‘children fitted with cochlear implants at an early age
improve their expressive and receptive language abilities
and have been shown to develop speech and language
skills at an equivalent rate as normal hearing children’.
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When comparing the results obtained with and without
visual cues for each group, a different point was raised. The
intra-group comparison showed no differences between
visual and auditory combined and auditory only for both
groups.

Comparison between total, semantic, expressive and
receptive language ages with and without visual cues in
group (I) & (II) as obtained by the Arabic Language Test
showed that there was no significant difference between all
of them as shown in (Table 1and 2).

This is in agreement with!"” who stated in 2008 that
children benefit from cochlear implantation regardless of
their age. So when comparing children in each group with
themselves the results were different from when comparing
them with children in the other group and the comparison
was always in favor of the younger group.

The results obtained for the Modified preschool language
scale (Arabic edition) showed significant difference between
group (1) and group (II) in receptive, expressive, and total
language scores in favor of group I which supports the
hypothesis that cochlear implantation before 5 years gave
better results than later implantation as shown in (Table 3).

This is in agreement with!"Y who mentioned that children
receive auditory information at a time when their brain is
especially ready to learn language. In most cases, when
children with a profound hearing impairment are implanted
early enough, their hearing and speech develop similar to
that of their hearing peers. In these cases, spoken language
appears to emerge almost naturally.

The results obtained from the parent questionnaire in this
study give a different perspective. It showed no significant
difference between parents of both group in all statements
except in statement 10, 11 and 31. Statement no. 10 which
is "Does Not need to look at the speaker's face*, Statement
no.11 which is "Does Not need to use sign language at all*
and Statement no.31 which is "Satisfied with my child's
communications abilities”. These three statements showed
a significant difference between group I and group II. These
results state that although all the children in this study didn't
close the gap with their hearing peers in terms of spoken
language production and academic achievement; their
parents were almost equally satisfied with their children.
The questionnaire pointed to dependence of group 1l on
visual cues but it did not reach sig level as proved by intra
group results!'”), stated that some school aged children with
cochlear implant received prior to the age of five years have
been reported to be "closing the gap" with their hearing
peers in terms of spoken language production and academic
achievement.

The results of this study are supportive of the recent
trend towards early cochlear implantation ‘the earlier the
implantation the better the outcomes’.

Limitations:

This study only sheds light on the performance of a
relatively small number of cochlear implanted children
at a given time, longer longitudinal prospective larger
scale multi-centric studies are needed to adequately
assess their progress and the outcomes during the first
few years post implantation. Another limitation is that
no linguistic profile before therapy or implantation was
available to compare its effect on the post-operative
outcomes.
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