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Abstract

The cochlear implant has been approved as a method of treating bilateral deep deafness since
the 1980s, and since then candidate selection methods have changed several times. Initially, the
candidates were only adult patients, and in 1990 the cochlear implant was approved for the first
time in children under 2 years of age by the US Food and Drug Administration. In 2000, the
same US Administration reduced the limit to one year. The aim of this study was to determine
the effect of age at cochlear implantation on speech recognition abilities. Concerning the age
groups in which the subjects were assigned to, the best results on the tests were achieved by
the group who underwent cochlear implantation at the youngest age. In conclusion, the benefit
from cochlear implant in subjects with pre-lingual hearing impairment of the most severe degree
has to be stressed and it is much bigger in comparison to individual amplifying hearing aids. If
cochlear implant is placed at the youngest age, the results might lead to even 100% of active
involvement in the social life of individuals with this kind of impairment.
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W3Bapmok

Koxneapnnor nmmmant e ofiobpen Kako MeTof] 3a JleKyBarbe Ha OwmatepaHata aboka rayBoCT
VIIITE 0J] OCYMJIECETTHTE TOJIUHH,  OTTOTAll MeTOJIUTE Ha CeleKIija Ha KaHuIaTuTe ce MeHyBaje
noseKe matu. HajpBo KanzuziaTi Grte camMo Bo3pacHu matenT, a Bo 1990 roanHa 3a mpB nar ce
07106p1T KOX/IeapHHOT UMIUIAHT 1 Kaj Jlella co HajMasKy HATOMHeT! 2 TO/IMHY JKMBOT, Of] CTpaHa
Ha AMepuUKaHCKaTa ajiMUHUCTpalja 3a xpaHa u nekoBu. Bo 2000 roauHa ucrata AMepukaHcKa
aJIMMHICTpAIMja To HaMamIa JIMMUTOT Ha eJiHa rojjuHa. [lenita Ha oBa MCTpaKyBame Oelle fia ce
VTBDPJM BJIMjaHNETO Ha BO3pacTa IpY BrpaJyBambeTo Ha KOX/IeapHUOT MMIUIAHT BP3 VCIELHOCTa
Ha TOBOPHKOT Pa3Boj. Bo ojiHOC Ha Bo3pacHata rpyra Cropell Koja ucnutaHuiure Gea rojere-
HI, Hajio0py pesynTaTy ToKaxKa rpyrara Kaj Koja MIUTaHTanujara Oele HarpaBeHa Ha HajMarna
Bo3pact. Bo 3aKkIyyoKoT cakame Jia moTeHIpamMe Aeka 6eHeuToT 0 KOXneapHUOT NMIITAHT Kaj
JIM1laTa o TPeJIMHIBATHO CIYIIHO OLITETYBAke CO HAjTEKOK CTereH e MHOTY MOrojieM BO OIHOC Ha
VHIMBUJIYaJTHUTe CNYIIHU aMiiduKkatopu. Kora KoxmeapHIOT UMITIAHT Ke ce Brpajii Bo HajpaHa
BO3PACT Pe3y/ITaTUTe MOKAT Ja josejar aypy 1 o 100% akTHBHO BKJIyuyBame Ha JIMLETO BO CO-
LyjaiHaTa CpefiuHa.




Introduction

Early detection of hearing impairment
as a prerequisite for timely speech and
language treatment in the so-called
critical period of speech and language
development enables optimal integra-
tion of a child in the society. Subjects
with severe sensorineural hearing
loss greater than 90 dB cannot bene-
fit from the most contemporary con-
ventional hearing aids. In such cases,
the unique help is offered by the most
modern achievement of microelec-
tronics in the medicine - the cochlear
implant, which replaces the function
of the inner ear.

The revolutionary changes in the tech-
nology of cochlear implant happened
in 1990 and consequently it resulted in
clinical approach to cochlear implan-
tation. The improvement of implants,
especially in the strategy of speech en-
coding has offered a larger spectrum
in the selection of candidates for co-
chlear implantation'®. Hearing and
speech perception in different subjects
has shown different results. No matter
what the performances and specifics of
the implants are, some subjects show
more rapid improvement in the skills
and some do not.

Research results about speech per-
ception in early implanted children’®
showed that speech perception abil-
ities developed significantly rapidly
owing to the structure of the central
nervous system. The fact that children
learn the language spontaneously in
the early development, without any
didactic instructions, has to be tak-
en into consideration. Moreover, the
advanced technical performances of
speech processors enable easier and
faster rehabilitation®.

The aim of this study was to deter-
mine the influence of age at which
subjects received a cochlear implant
on the successfulness of speech devel-
opment.
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Material and methods

The study comprised 31 subjects based
on the following inclusion criteria:

+ Children with auditory status that
met the criteria forcochlear im-
plantation by a specialist in otorhi-
nolaryngology - audiology;

+ Children with a limited benefit
from binaural adequate hearing
aids who were undergoing a reha-
bilitation process for development
of hearing and speech perception,;

+ Children in general health condi-
tion and intellectual status deter-
mined by a pediatrician - neurolo-
gist;

+ Opinion of a speech and language
therapist regarding the hearing
amplifier and the degree of devel-
opment of hearing and speech per-
ception;

+ Parent’s readiness and their real
expectations;

+ Motivation and collaboration of
the family.

Each subject or his/her parents gave a
consent for participation in the testing.

Test for recognition of monosyllabic
words (open-set) was used as a meth-
od of the investigation. This method
helps in the estimation of the ability
of an individual to identify monosyl-
labic words. There are no adequate
pictures for each word. Each word is
said only once and the individual is
required to repeat the word. The test
is performed with no help of lip read-
ing.Subjects are scored taking into
account the number of phonemes or
words repeated correctly.The evalu-
ation of the results in our study was
made at 6, 12 and 24 months.

For the statistical analysis of data, the
following statistical methodologies
were used: To determine the signifi-
cance of differences among subjects



prior to and after placement of co-
chlear amplifier and after cochlear
implantation, as well as among sub-
jects with cochlear implant at 6, 12,
24 months following implantation
non-parametric tests for two or sev-
eral dependent variables (McNemar'’s
test and Cochran’s Q test) were used.

Non-parametric Spearman Rank Or-
der Correlations was used for deter-
mination of the correlation, i.e., asso-
ciation between age of the implanted
subjects with cochlear implant and

the scores obtained at the test. Differ-
ences for p value <0.05 were consid-
ered statistically significant.

Results

This study included 31 subjects with
the age ranging from 6 to 32 years;
the mean age being 13+6.2 years.

The mean age at cochlear implan-
tation was 100.4+75.1 months. The
youngest age at implantation was 10
months and the oldest 324 months.

Table 1. Age of subjects (months)/ Age (in months) at cochlear implantation

Parameter \ mean SD Std.Error Min. Max.
Age 31 13.0 6.2 1.1 6 32
Age at implantation 31 100.4 75.1 13.1 10 327

The study was conducted by using
the Test for recognition of monosyl-
labic words (open set - understood).

Table 2 illustrates the results ob-
tained from the Test for recognition
of monosyllabic words depending on
the age of the subjects at cochlear
implantation and 6 months after in-
tervention.

The results showed that only 1 child
from the youngest age group could
not understand any word; there were
2 such subjects in the second age
group and 4 in the third age group.
The maximum number of understood
words (4) in this study period was reg-
istered in 1 subject from the first and
1 subject from the second age group,
and in none from the third age group.

Table 2. Test for recognition of monosyllabic words (open-set) 6 months after intervention

6 months Up to 5 years 5.3-10years > 10 years Total
No. 0 1 2 4 7
% 11.11% 16.67% 40.00%
No. 1 1 1 0 2
% 11.11% 8.33% 0.00%
No. 2 1 5 4 10
% 11.11% 41.67% 40.00%
No. 3 5 3 2 10
% 55.56% 25.00% 20.00%
No. 4 1 1 0 2
% 11.11% 8.33% 0.00%
Total 9 12 10 31



Twelve months after the realized in-
tervention there were no subjects
from the youngest age group who
could not understand any word; there
was 1 subject in the second, and 3 in
the third age group.

The maximum number of understood
words was 6 and was registered in 1
subject from the first and 1 from the
third age group, and in 2 subjects
from the second age group (Table 3).

Table 3. Test for recognition of mono-
syllabic words (open-set) 12 months
after intervention

Table 3. Test for recognition of monosyllabic words (open-set) 12 months after intervention

12 months Up to 5 vears 5.3 -10 years > 10 years
No. 0 0 1 3 4
% 0.00% 8.33% 30.00%
No. ) 3 0 0 3
% 33.33% 0.00% 0.00%
No. 3 0 5 1 6
% 0.00% 41.67% 10.00%
No. A 4 1 3 8
% 44.44% 8.33% 30.00%
No. 5 1 3 2 6
% 11.11% 25.00% 20.00%
No. 6 1 2 1 4
% 11.11% 16.67% 10.00%
Total 9 12 10 31

The number of words from the
Test for recognition of monosyllab-
ic words that the subjects from all
three age groups could understand
24 months after intervention was
from 2 to 8. In the group of children
with the intervention accomplishe-
dat 5 years of age, 1(11.1%) child could

understand the meaning of 8 mono-
syllabic words, 3 (25%) children who
underwent implantation at the age
between 5.3 and 10 years, whereas
there were no subjects in the third
age group who could understand 8
of the offered 10 monosyllabic words
(Table 3).

Table 4. Test for recognition of monosyllabic words (open-set) 24 months after intervention

24 months Up to 5 years 5.3-10 years >10 years Total
No. 0 0 1 2 3

% 0.00% 8.33% 22.22%
No. 5 0 1 0 1

% 0.00% 8.33% 0.00%
No. 3 2 0 0 2

% 22.22% 0.00% 0.00%
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No. A 0 2 2 4
% 0.00% 16.67% 22.22%
No. 5 2 1 0 3
% 22.22% 8.33% 0.00%
No. 6 2 2 1 5
% 22.22% 16.67% 11.11%
No. E 2 2 4 8
% 22.22% 16.67% 44.44%
No. 8 1 3 0 4
% 11.11% 25.00% 0.00%
Total 9 12 9 30

There was a negative correlation
between the age at cochlear im-
plantation and the number of un-
derstood monosyllabic words. It
meant that a larger number of
monosyllabic words could be un-
derstood by children in whom the

cochlear implantation was finished
at the youngest age, and vice versa.
The values of the calculated Spear-
man’s coefficient of -0.46 after 6
months, -0.24 after 12 months, and
-0.4 after 24 months were statisti-
cally significant (Table 4).

Table 4. Correlation — age at surgery/number of understood monosyllabic words

Age at surgery/ Number of

Spearman Rank Order Correlations

understood monosyllabic words R plevel Sig.N.Sig.
After 6 months -0.46 p<0.05 Sig.
After 12 months -0.34 p<0.05 Sig.
After 24 months -0.4 p<0.05 Sig.

Figure 1. Correlation - age at surgery/number of understood monosyllabic words
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Spearman Rank Order Correlations=-0.46;p<0.05
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Figure 2. Correlation - age at surgery/number of understood monosyllabic words

12 reseac

W
s NN N
¥ ~ NN NS
‘\:%'W
o

wst na opanaci|a

R
L
NN
VAN

28

Spearman Rank Order Correlations=-0.3; p<0.05

Figure 3. Correlation - age at surgery/number of understood monosyllabic words
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Discussion

Numerous studies have been con-
ducted worldwide in order to de-
termine the importance of age at
cochlear implantation on speech
development. May-Mederake B.1%!
completed two studies including 28
children implanted prior to 2 years
of age, who were examined regard-
ing the development of speech, vo-
cabulary and grammar skills. Her
findings are consistent with ours
and have pointed out to the fact that
implantation at a younger age yields
better results. Early auditory stimu-

54

lation enables faster speech and lan-
guage development.

In the study conducted by Anderson
et al.? and Baumgartner WD.et al.”®
similar results were also obtained,
confirming that a higher level of
speech perception performance can
be achieved at earlier ages of im-
plantation.

Allum JH“in his study divided the
subjects into three age groups: up to
7 years of age, 7-year-olds and older
than 7 years. He made the measure-
ment immediately after the implant



activationat 1, 3 and 6 months, and
then every 6 months until 24 months
following implantation. All children
presented with faster rates of prog-
ress and higher scores after 6-12
months. Children aged 7 and over
showed better results at preopera-
tive tests because of the experience
with the hearing amplifiers. After
implantation, they had poorer re-
sults than the children under 7 years
of age. There are many other stud-
ies that have examined the impor-
tance of age when implantation was
made®.

In the period between 1994 and 2004
different results have been pub-
lished regarding the discrimination
of speech in children with cochlear
implant.

Myamotoet al. examined 29 children,
of whom one half showed good re-
sults with the open-set test after im-
plantation.

Ozbergeret al. demonstrated that
post-implantation performances
were much better in children who
were implanted before the age of
two compared to children who were
implanted at the age between two
and three years. Geers et al. showed
that speech perception performance
was much better if implantation was
realized by the age of three years,
which is crucial for obtaining in-
formation from the environment as
well as for developing the cognitive
and linguistic skills including speech
development'®?,

The variability in speech perception
performance among different indi-
viduals depends on many factors in-
cluding age at implantation, way of
communication, support from the
family, and deafness duration. Mya-
motoet al. consider that 35% of these
factors are the reason for the differ-
ence in the degree of speech percep-
tion.

Conclusion

The results presented in the litera-
ture as well as the results obtained
in our study have shown that age is
one the most important factors for
normal and proper speech develop-
ment. The younger the age, the bet-
ter results are achieved. Our findings
have revealed that cochlear implant
is efficient even in older children,
but then the development of speech
perception is slower; there is unclear
articulation, poor vocabulary and ir-
regular grammar usage. Although
these children listen, they supple-
ment their verbal communication
with lip reading and occasional use
of gestures.
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