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Introduction
Speech and language are tools that humans use to 
communicate with each other. Language comprises 
a set of rules shared by the individuals who are 
communicating. Language allows people to exchange 
their thoughts, ideas, and emotions [1]. Speech is 
the way that a language can be expressed. Language 
can also be expressed through nonverbal modes like 
writing, signs, and gestures. Nonverbal communication 
is frequently used when people fail to develop verbal 
communication [1].

It is well known that intact hearing is crucial for normal 
development of language and speech and for a future 
normal lifestyle for the patient. Th us, early diagnosis 
and intervention for hearing impairment leads to less 
serious impacts [1].

Th e Joint Committee on Infant Hearing endorses 
early hearing detection and intervention for infants 
with hearing loss. Th e goal of early hearing detection 
and intervention is to  maximize linguistic and 
communicative competence for children who are hard 
of hearing or are deaf [2]. It was also reported that early 

detection and intervention for auditory dysfunction 
in neonates leads to development of better cognitive 
functions [3].

Early identifi cation of hearing loss in infants can be 
traced back to the tireless work of Dr Marion Dawns 
in the 1960s. Th e word ‘early’ was expressed by several 
researchers as the ‘critical period’ for primary language 
acquisition. Th is period is a certain developmental stage 
at which auditory signals are received and  utilized for 
prelinguistic activities. Once this period has passed, 
the eff ective  utilization of these signals gradually 
declines. Hence, the importance of hearing in the fi rst 
3–4 years after birth for normal acquisition of speech 
and language has long been appreciated [4]. Th e 
National Institute of Health  (NIH), which is a part of 
the US Department of Health and Human Services, 
widely  recognized that the critical period for speech 
and language development is the fi rst 3 years of life [5].

Furthermore, other researchers proposed a critical 
period under 2 years of age during which access to 
spoken language is essential for appropriate acquisition 
of language [6].
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NIH indicated that children who are identifi ed with 
a hearing loss and habilitated early may be able to 
develop language on par with their peers with   normal 
hearing. If hearing loss is detected in a child, early 
family-centered intervention is recommended to 
promote language (speech and/or sign depending on 
family choice) and cognitive development [1].

Th us, what is the optimal age for amplifi cation that 
permits a hearing impaired child to be as normal as 
possible? Th e other question we tried to answer in 
this study was whether there was a diff erence between 
acoustic stimulation (hearing aids) and electric 
stimulation [cochlear implantation (CI)] of the 
auditory nerve?

Patients and methods
Th is study was conducted on 58 children attending 
the Audiology and Phoniatric Units, Zagazig 
University Hospital, during the period from 2006 to 
2012. Th e age range, when fi rst seen, was between 
2 and 24 months. Older children were presented 
with lack of response to sounds or delayed language 
development. Presence of other aff ected members 
in the family contributed to very early presentation 
of cases. All children were matched with respect to 
socioeconomic status as much as possible. Study 
cases were divided into three groups with respect to 
the age of identifi cation and intervention for hearing 
loss. Th en a fourth group was added, which included 
six cases with CI who showed poor response for HI. 
Th ese children had poor functional gain of hearing 
aid, poor compliance during language therapy 
sessions, and unsatisfactory response of their parents. 
Group A was amplifi ed before the age of 6 months, 
group B was amplifi ed between 6 and 12 months of 
age, and group C was amplifi ed at age 12–24 months. 
Th e fourth group, group D, comprised the last six 
cases with CI.

Inclusion criteria were:

(1) Severe or   severe-to-profound sensory-neural 
hearing loss as diagnosed by  ABR.

(2) Average intelligence quotient (IQ) based on 
psychometric testing.

(3) Regular use of binaural hearing aids with 
satisfactory aided response for groups A, B, and C.

(4) Regular use of unilateral CI for group D (4.1 ± 0.6) 
with satisfactory audiological response.

(5) General language stimulation and regular 
language and speech therapy for at least 2 years 
after amplifi cation or CI.

All children were subjected to:

(1) Initial assessment:
 (a)  Full history taking, including, prenatal, 

perinatal, and postnatal history, as well as 
developmental milestone history and family 
history.

 (b) Full audiological assessment: 
 (1)  Behavioral observation audiometry using 

audiometer Amplaid 922 performed in a 
sound-treated room.

 (2)  Air conduction click evoked auditory 
brain stem response using Intelligent 
Hearing System Smart Evoked Potential.

 (3)  Transient evoked emission for 
assessment of outer hair cell integrity 
and excluding auditory neuropathy 
using  ILO Version 6 (Otodynamics Ltd, 
UK) [6].

 (4)  Distortion product otoacoustic emission 
to assess lower frequencies using ILO 
version 6 [6].

 (c)  After diagnosis was established, all children 
were fi tted with binaural hearing aids (Widex 
B32 (Widex, Denmark) and Oticon Sumo 
(Oticon, Denmark)). Six children (14%) 
showed poor response for hearing aids after 
a trial of more than 6 months and they were 
included in the cochlear implant  program. 
Th ey were unilaterally implanted at a mean 
age of 4 ± 1.2 years. One child used advanced 
Bionics Auria (Switzerland) and the other 
fi ve children used Med El Opus 2 (MED-
EL Elektromedizinische Geräte GmbH 
Headquarters, Innsbruck, Österreich).

 (d)  IQ assessment was made to ensure that all 
children had average mental development. 
Forty-nine children (84%) had average IQ 
(94 ± 3.1) and nine children (16%) had above 
average IQ.

 (e)  Neurological and ophthalmologic evaluation 
was carried out to exclude any other handicap.

 (f )  Language stimulation program was started 
immediately after fi tting of the hearing 
aid or CI and was regularly attended by all 
children. It included active therapy sessions 
that aimed at improving cognitive abilities, 
increasing the size of active vocabularies, 
increasing the length of sentences, and 
correction of syntactic and phonologic 
errors. Language stimulation also included 
famil y counseling, which was discussed 
during follow-up visits.

(2) Follow-up visits: regular visits were performed 
every 3 months.
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 (a)  Parents were informed about the normal 
development of language i  n normal-hearing 
children.

 (b)  Parents were informed about activities to 
encourage speech and language development.

 (c)  Aided behavioral observation audiometry was 
used for relatively older children.

 (d)  Functional gain assessment was applied for 
older children.

 (e)  Th e Child Development Inventory, completed 
by parents at home, assesses the development 
of social, self-help, motor, language, letter and 
number skills, and presence of symptoms and 
behavioral problems in children between the 
ages of 15 months and 5 years [7].

All children were followed up regularly until school 
age, and then a fi nal assessment was made including 
language and speech assessment. Th is assessment was 
used for comparison of results.

Language was assessed using the Standardized Arabic 
Language Test [8]. Th is test measures receptive and 
expressive language skills, giving the total language age 
in years. Language defi cit was expressed as language 
quotient. It was calculated by dividing language age 
by the chronological age. Language quotient was used 
to avoid biased results if language age was used, as 
children had diff erent chronological ages at the time 
of assessment.

Speech analysis was performed using a speech 
assessment protocol, which included analysis of 
suprasegmental phonology (rate, stress, and tonality), 
segmental phonology (consonants and vowels), nasal 
resonance, and general intelligibility of speech, as 
well as voice (dysphonia). Every item was given a 
score that ranged from 0 (normal) to 4 (denoting 
severe abnormality) except for general intelligibility, 
for which score 4 indicated normal and 0 indicated 
severely unintelligible speech [9]. Speech scores 
wer e analyzed and compared after the age of 3 years 
when possible. Before this age it is diffi  cult to assess 
speech.

Statistical analysis
Statistical package for the social sciences, version 
17  (SPSS Inc., Chicago, Illinois , USA) was used t o 
analyze the data. Th e means and SDs for all language 
and speech scores were calculated. One-way analysis of 
variance was used to compare more than two means, 
whereas the independent t-test was used to compare 
two means. P values less than or equal to 0.001 
indicated highly signifi cant values, whereas P values 
less than 0.05 indicated signifi cant values only and 

P values greater than 0.05 indicated nonsignifi cant 
values.

Results
Th e results of assessment of language abilities revealed 
that group A had the best language quotient score in the 
study, which was for semantics (93.5 ± 5.6). Th e worst 
quotient was in group C, which was for expressive syntax 
(70.22 ± 6.53). Speech defi cits in this study were variable, 
but the most common fi ndings were as follows: on the 
suprasegmental level there was slow rate of speech, as 
well as variable stresses. On the segmental level there 
were distorted vowels and omitted and substituted 
consonants (especially fricatives, which were substituted 
with stops), as well as increased nasal resonance.

Th e group with the highest nasal resonance was 
group C (2.1 ± 0.4), whereas the group with the lowest 
nasal resonance was group A (1.3 ± 0.5). Th ere was 
also decreased intelligibility of speech. Th e group with 
the most intelligible speech was group A (3.4 ± 0.4), 
whereas the group with the least intelligible speech was 
group C (2.8 ± 0.6).

Comparison between the three groups with hearing 
aids with respect to language quotients and speech 
scores revealed highly signifi cant diff erences in all 
parameters except pragmatics and general intelligibility, 
which showed signifi cant diff erences. Th e highest 
language and speech scores were obtained in group 
A with gradual decrease in scores in groups B and C 
(Tables 1 and 2).

Comparison between group A and group D showed 
better results for group A in all language and speech 
scores. Th ere were highly signifi cant diff erences in 
expressive syntax, stress, vowels, and pitch scores. 
Signifi cant diff erences were obtained for receptive 
syntax, semantics, pragmatics, phonology, total language 
quotients, general intelligibility, and loudness (Table 3).

Comparison between groups B and D showed 
some similarity in the results, seen as nonsignifi cant 
diff erences in all language and speech scores, except 
stress, which showed signifi cant diff erence, with better 
results in group B, and pitch, which showed highly 
signifi cant diff erence with better scores in group D 
(Table 4).

Comparison between groups C and D showed some 
similarities and some diff erences between results as 
seen through highly signifi cant diff erences in expressive 
syntax, semantics, tonality, and pitch. Signifi cant 
diff erences were obtained for resonance and loudness 
and nonsignifi cant diff erences for the remaining scores. 
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Better scores were noticed to some extent in group D 

(Table 5).

Discussion
It was noted that detection and intervention of 

hearing loss at earlier ages leads to more success of 

habilitation programs compared with late detection 

and intervention [10].

In this study, signifi cant and highly signifi cant 

diff erences were found among groups A, B, and C in 

all tested language and speech abilities. It was clear 

that the best results could be obtained in the group 

with hearing aids fi tted before the age of 6 months 

(group A).

Table 1 Comparison between groups A, B, and C with respect to language quotients and speech scores

Language quotients and speech scores Mean ± SD F P

Group A (n = 16) Group B (n = 22) Group C (n = 14)

Language quotient

Receptive syntax 89.1 ± 6.3 80.1 ± 5.5 76.43 ± 7.1 17.2 <0.001**

Expressive syntax 92.8 ± 4.1 79.16 ± 6.3 75.21 ± 5.9 34.961 <0.001**

Semantics 93.5 ± 5.6 82.6 ± 7.3 77.98 ± 6.3 22.9 <0.001**

Pragmatics 83.5 ± 5.7 81.6 ± 4.5 77.43 ± 7.1 4.471 0.016

Prosody 86.1 ± 5.6 74.3 ± 6.2 71 ± 5.7 28.668 <0.001**

Phonology 88.5 ± 5.7 78.32 ± 5.8 75.5 ± 6.7 6.762 0.003**

Total language quotient 89.5 ± 6.3 79.12 ± 5.1 76.7 ± 6.8 20.664 <0.001**

Speech scores

Rate 0.5 ± 0.1 0.9 ± 0.3 1.1 ± 0.3 21.91 <0.001**

Stress 0.5 ± 0.1 0.8 ± 0.2 0.9 ± 0. 2 22.029 <0.001**

Tonality 0.6 ± 0.1 0.9 ± 0.3 1.3 ± 0.2 35.1 <0.001**

Consonants 0.7 ± 0.2 0.9 ± 0.1 1 ± 0.4 6.1 <0.001**

Vowels 0.3 ± 0.1 0.5 ± 0.2 0.8 ± 0.3 21.3 <0.001**

Resonance 1.3 ± 0.5 1.9 ± 0.4 2.1 ± 0.4 22.01 <0.001**

General intelligibility 3.4 ± 0.4 3.1 ± 0.5 2.8 ± 0.6 5.4 0.008*

Pitch 0.6 ± 0.2 0.9 ± 0.3 1.1 ± 0.3 12.9 <0.001**

Loudness 0.5 ± 0.1 0.7 ± 0.2 0.9 ± 0.2 19.4 <0.001**

n, number of cases; *Signi  cant; **Highly signi  cant.

 Table 2 Comparison between the groups B and C with 
respect to language quotients and speech scores

Language quotients 
and speech scores

Mean ± SD t P

Group B 
(n = 22)

Group C 
(n = 14)

Language quotient

Receptive 
syntax

80.1 ± 5.5 76.43 ± 7.1 1.645 0.149

Expressive 
syntax

79.16 ± 6.2 75.22 ± 5.9 1.907 0.067

Semantics 82.6 ± 7.3 77.98 ± 6.3 2.015 0.056

Pragmatics 81.6 ± 4.5 77.43 ± 7.1 1.961 0.0622

Prosody 74.3 ± 6.2 71 ± 5.7 1.636 0.1098

Phonology 78.32 ± 5.8 75.5 ± 6.7 1.296 0.2056

Total language 
quotient

79.12 ± 5.1 76.7 ± 6.8 1.199 0.2466

Speech scores

Rate 0.9 ± 0.3 1.1 ± 0.3 1.95 0.03026

Stress 0.8 ± 0.2 0.9 ± 0.2 1.522 0.1408

Tonality 0.9 ± 0.3 1.3 ± 0.2 4.927 <0.001**

Consonants 0.9 ± 0.1 1 ± 0.4 0.978 0.348

Vowels 0.5 ± 0.2 0.8 ± 0.3 3.477 0.001**

Resonance 1.9 ± 0.4 2.1 ± 0.4 1.522 0.07037

General 
intelligibility

3.1 ± 0.5 2.8 ± 0.6 1.63 0.1188

Pitch 0.9 ± 0.3 1.1 ± 0.3 2.029 0.0524

Loudness 0.7 ± 0.2 0.9 ± 0.2 3.044 0.005*

n, number of cases; *Signi  cant; **Highly signi  cant.

 Table 3 Comparison between group A and group D with 
respect to language quotients and speech scores

Language quotients 
and speech scores

Mean ± SD t P

Group A 
(n = 16)

Group D 
(n = 6)

Language quotient

Receptive syntax 89.1 ± 6.3 79.31 ± 6.2 3.26 0.003*

Expressive syntax 92.8 ± 4.1 82.11 ± 4.3 5.38 <0.001**

Semantics 93.5 ± 5.6 84.3 ± 5.3 3.47 0.002*

Pragmatics 83.5 ± 5.7 75.1 ± 4.5 3.23 0.004*

Prosody 86.1 ± 5.6 77 ± 7.2 2.795 0.0198*

Phonology 88.5 ± 5.7 79.5 ± 4.7 3.43 0.002*

Total language 
quotient

89.5 ± 6.3 80.1 ± 7.1 3.02 0.006*

Speech scores

Rate 0.5 ± 0.1 0.8 ± 0.3 2.4 0.045*

Stress 0.5 ± 0.1 0.9 ± 0.2 6.32 <0.001**

Tonality 0.6 ± 0.1 0.9 ± 0.2 3.513 0.0124

Consonants 0.7 ± 0.2 0.8 ± 0.3 1.57 0.13

Vowels 0.3 ± 0.1 0.6 ± 0.1 6.27 <0.001**

Resonance 1.2 ± 0.4 1.7 ± 0.3 3.162 0.00419

General 
intelligibility

3.4 ± 0.4 2.9 ± 0.4 2.61 0.02*

Pitch 0.2 ± 0.1 0.4 ± 0.1 4.18 <0.001**

Loudness 0.4 ± 0.2 0.6 ± 0.1 2.31 0.03*

n, number of cases; *Signi  cant; **Highly signi  cant.
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Similar fi ndings were reported by other studies 

supported by the NIH. Th ey concluded that detection 

and intervention for hearing loss before the age of 

6  months resulted in signifi cantly better language 

ability compared with that in children who were 

identifi ed later [10]. Th e same observation was made 
by Hall [11] regardless of the degree of hearing loss.

Bassiouny et al. [12] reported that children have the 
best opportunity to learn language during their fi rst 
5 years of life. Th is may be explained by the theory 
of the critical period. Critical period was defi ned as 
a restricted developmental period during which the 
nervous system is particularly sensitive to the eff ects 
of experience [13]. It is known that the number of 
neurons in the brain actually decreases throughout 
development; as ne ural connections grow and the 
pathways become more effi  cient, the supporting 
structures in the brain increase [14]. Th e brain grows 
rapidly for the fi rst 5 years of human development. 
At the age of 5 years, the human brain is 90% of its 
total size. Th en the brain stops growing gradually until 
age 20 [15,16]. Th e critical period can be defi ned as the 
initial years of brain development, which is essential 
for intellectual development. During this period the 
b rain optimizes the overproduction of synapses present 
at birth. Th us, the neuronal pathways are refi ned, on 
the basis of which synapses are active and receiving 
transmission. It is the phenomenon of ‘use it or lose 
it’ [13]. Th e principles ‘use it or lose it’ and ‘use it 
and grow it’ are based on the principles of plasticity 
of the brain. Th e sensory experience, stimulation, and 
language exposure during this critical period may 
determine synaptogenesis, myelination, and neuronal 
connectivity [17].

In contrast, although there was a gradual deterioration 
in language and speech abilities with delayed age 
of fi tting of hearing aids, there was no signifi cant 
diff erence between groups B and C. Th ese results prove 
that, after 6 months of age, amplifi cation within the 
fi rst 2 years of life gives almost similar results with 
respect to language acquisition.

Explanation may involve another fact of relevance in 
that, as myelination increases, plasticity decreases [17]. 
Th us, knowledge of myelination milestones may 
further explain this result. Th e fi rst myelination is seen 
as early as in the 16th week of gestation, but only really 
takes off  from the 24th week [18]. It does not reach 
maturity until 2 years or so. It correlates very closely 
with developmental milestones [19].

On comparing language and speech abilities between 
groups A and D we found that there were statistically 
signifi cant or highly signifi cant diff erences in all 
language and speech abilities. Th is means that fi tting 
of bilateral hearing aids before the age of 6 months can 
be superior to CI and may lead to better language and 
speech acquisition.

 Table 4 Comparison between group B and group D with 
respect to language quotients and speech scores

Language quotients 
and speech scores

Mean ± SD t P

Group B 
(n = 22)

Group D 
(n = 6)

Language quotient

Receptive syntax 80.1 ± 5.5 79.31 ± 6.2 0.3 0.76

Expressive 
syntax

79.16 ± 6.2 82.11 ± 4.3 1.33 0.2

Semantics 82.6 ± 7.3 84.3 ± 5.3 0.63 0.533

Pragmatics 81.6 ± 4.5 75.1 ± 4.5 1.16 0.25

Prosody 74.3 ± 6.2 77 ± 7.2 1.42 0.17

Phonology 78.32 ± 5.8 79.5 ± 4.7 0.517 0.6096

Total language 
quotient

97.5 ± 5.1 80.1 ± 7.1 0.31 0.7708

Speech scores

Rate 0.9 ± 0.3 0.8 ± 0.3 0.72 0.47

Stress 0.8 ± 0.2 0.9 ± 0.2 1.086 0.308

Tonality 0.9 ± 0.3 0.9 ±  0.2 0 1

Consonants 0.9 ± 0.1 0.8 ± 0.3 1.63 0.18

Vowels 0.5 ± 0.2 0.6 ± 0.1 1.17 0.25

Resonance 1.9 ± 0.4 1.7 ± 0.3 1.13 0.26

General 
intelligibility

3.1 ± 0.5 2.9 ± 0.4 2.9 0.38

Pitch 0.9 ± 0.3 0.4 ± 0.1 3.9 <0.001**

Loudness 0.7 ± 0.2 0.6 ± 0.1 1.17 0.25

n, number of cases; *Signi  cant; **Highly signi  cant.

Table 5 Comparison between group C and group D with 
respect to language quotients and speech scores

Language quotients 
and speech scores

Mean ± SD t P

Group C 
(n = 14)

Group D 
(n = 6)

Language quotient

Receptive syntax 76.43 ± 7.1 79.31 ± 6.2 0.86 0.4

Expressive 
syntax

75.16 ± 6.3 82.11 ± 4.3 3.12 0.008**

Semantics 72.6 ± 4.2 84.3 ± 5.3 5.29 <0.001**

Pragmatics 77.43 ± 7.1 75.1 ± 4.5 0.979 0.3602

Prosody 71 ± 5.7 77 ± 7.2 1.97 0.07

Phonology 75.5 ± 6.7 79.5 ± 4.7 1.32 0.2

Total language 
quotient

76.7 ± 6.8 80.1 ± 7.1 0.92 0.36

Speech scores

Rate 1.1 ± 0.3 0.8 ± 0.3 1.01 0.32

Stress 0.9 ± 0.2 0.9 ± 0.2 0 1

Tonality 1.3 ± 0.2 0.9 ± 0.2 4.09 <0.001**

Consonants 1 ± 0.4 0.8 ± 0.3 1.09 0.29

Vowels 0.8 ± 0.3 0.6 ± 0.1 1.57 0.13

Resonance 2.1 ± 0.4 1.7 ± 0.3 2.18 0.04*

General 
intelligibility

2.8 ± 0.6 2.9 ± 0.4 0.37 0.71

Pitch 1.1 ± 0.3 0.4 ± 0.1 5.51 <0.001**

Loudness 0.9 ± 0.2 0.6 ± 0.1 3.46 0.003*

n, number of cases; *Signi  cant; **Highly signi  cant.
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Surprisingly, language and speech development 
of children with CI at less than 4 years of age  was 
comparable in groups B and D, as seen through 
nonsignifi cant diff erences in all language and speech 
scores except stress and pitch. Th is means that even those 
with delayed benefi t from hearing aids can catch up with 
their younger peers through cochlear implants. Th is may 
be due to the electrical type of stimulation that can still 
promote better responses compared with auditory type 
of stimuli at a far younger age. Th is is consistent with the 
results of previous studies indicating that children with 
a unilateral CI performed at levels similar to hearing aid 
users with severe hearing loss [20].

Furthermore, on comparing groups C and D, we found 
some similarities and some diff erences between results, 
proved by highly signifi cant diff erences in expressive 
syntax, semantics, tonality, and pitch. Signifi cant diff erences 
were obtained for resonance and loudness, whereas 
nonsignifi cant diff erences were obtained for the remaining 
scores. Better scores were noticed to some extent in group 
D. Th us, for older ages electrical stimulation is considered 
the only solution for better language outcomes.

Finally, on comparing the results of each of the groups 
fi tted with hearing aids with the group fi tted with CI 
we found that CI is the solution for sensory-neural 
hearing loss only if we miss early intervention that is 
achievable only through universal hearing screening, 
which is not conducted routinely in most countries.

Conclusion
Bilateral hearing aid fi tting before the age of 
6  months can be considered early enough for a 
hearing impaired child to gain the best results 
for language and speech acquisition. We can also 
conclude that early bilateral acoustic stimulation 
(hearing aid fi tting) is better than late unilateral 
electric stimulation ( CI).

Acknowledgements
Con  icts of interest
None declared.

References
  1 National Institute on Deaf and Other Communication Disorders (NIDCD). 

Speech and language developmental milestones. NIH Publication No. 
10-4781. USA: NIDCD.

  2 Joint Committee on Infant Hearing. Year 2000 position statement. 
Principles and Guidelines for early hearing detection and intervention 
programs. Am J Audiol 2000; 9:9–29.

  3 Maisoun M, Zakzouk M. Hearing screening of neonates at risk. Saudi Med 
J 2003; 24:55–57.

  4 Downs M, Sterritt G. Identi  cation audiometry for neonates: a preliminary 
report. J Aud Res 1964; 4:69–80.

 5 National Institute Of Health. Early identi  cation of hearing impairment in 
infants and young children. NIH Consens Statement 1993; 11:1–24.

 6 B May-Mederake. Early intervention and assessment of speech and 
language development in young children with cochlear implant. Int J 
Pediatr Otorhinolaryngol 2012; 76:939–946.

 7 Harold I, Frances P. Assessin children’s development using parents’ 
reports. The child development inventory. Clin Pediatr (Phila) 1995; 
34:248–255.

 8 Kotby MN, Khairy A, Barakah M, Rifaie N, El Shobary A. In: MN Kotbyeditor. 
Language testing in the Arabic speaking children. Proceedings of the XXIII 
World Congress of International Association of Logopedics and Phonetics. 
Cairo, Egypt: Secretariat of the XXIII World Congress of the IALP: 1995. 
263–266.

 9 Kotby MN, Bassiouny SE, Abdel Nasser NH, Saber SA. In: M. Nasser 
Kotby editor. Protocol of communicative assessment of cochlear implant 
patients. Proceedings of the XXIII World Congress of International 
Association of Logopedics and Phonetics. Cairo, Egypt: Secretariat of the 
XXIII World Congress of the IALP: 1995. 431–433.

10 Still J. Maximizing auditory and speech potential for deaf and hard of 
hearing children. Hear J 1999; 52:1–14.

11 Hall J. Infant hearing impairment and universal hearing screening: 
screening for and assessment of infant hearing impairment. J Perinatol 
2000; 20:5113–5121.

12 Bassiouny S, Hegazi M, Saber A, Shoeib R, Hassan S. The effect of 
age at implantation on the language and speech of cochlear implanted 
children: a 3-years follow up. Ain Shams Med J 2006; 57:1307–1321.

13 Purves D, Augustine G, Fitzpatrick D, Hall W, LaMantia A, McNamara J, 
et al. Neuroscience. 4th ed. Sunderland, MA: Sinauer Associates; 2008.

14 Garlick D. Understanding the nature of the general factor of intelligence: 
the role of individual differences in neural plasticity as an explanatory 
mechanism. [Review]. Psychol Rev 2002; 109:116–136.

15 Boatman D, Freeman J, Vining E, et al. Language recovery after left 
hemispherectomy in children with late onset seizures. Ann Neurol 1999; 
46:579– 586.

16 Raffe M, Barres B, Burne J, Cdes H, Lshizaki Y, Jacobson M. Programmed 
cell death and the control of cell survival. Lessons from the nervous 
system. Science 1993; 262:695– 700.

17 Nandini M. Neuroplasticity in children. Indian J Pediatr 2005; 72:855– 857.

18 Knaap MS, Valk J, Barkhof F. Magnetic resonance of myelination and 
myelin disorders. ISBN: 3540222863. Berlin Heidelberg, New York: 
Springer Verlag; 2 005.

19 Dietrich RB, Bradley WG, Zaragoza EJ, et al. MR evaluation of early 
myelination patterns in normal and developmentally delayed infants. Am J 
Roentgenol 1988; 150:889– 896.

20 Eisenberg L, Kirk K, Martinez A, Ying A, Miyamoto R. Communication 
abilities of children with aided residual hearing: comparison with cochlear 
implant users. Arch Otolaryngol Head Neck Surg 2004; 130:563–5 69.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /PDFA1B:2005
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (sRGB IEC61966-2.1)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<


    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>



    /HUN <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 6.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200036002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 6.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>


    /SKY <>

    /SUO <>
    /SVE <>
    /TUR <>

    /DEU <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice




