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SUMMARY

Introduction: The most frequent complaint of the cochlear implant users has been to recognize and understand the
speech signal in the presence of noise. Researches have been developed on the speech perception
of users of cochlear implant with focus on aspects such as the effect of the reduction to the signal/
noise ratio in the speech perception, the speech recognition in the noise, with different types of
cochlear implant and strategies of speech codification and the effects of the binaural stimulation in
the speech perception in noise.

Obijective: 1-To assess the speech perception in cochlear implant adult users in different positions regarding the
presentation of the stimulus, 2-to compare the index of speech recognition in the frontal, ipsilateral
and contralateral positions and 3-to analyze the effect of monoaural adaptation in the speech perception
with noise.

Method: 22 cochlear implant adult users were evaluated regarding the speech perception. The individuals were
submitted to sentences recognition evaluation, with competitive noise in the signal/noise ratio +10
decibels in three positions: frontal, ipsilateral and contralateral to the cochlear implant side.

Results: The results demonstrated the largest index of speech recognition in the ipsilateral position (100%) and
the lowest index of speech recognition with sentences in the contralateral position (5%).
Conclusion: The performance of speech perception in cochlear implant users is damaged when the competitive

noise is introduced, the index of speech recognition is better when the speech is presented ipsilaterally,
and it’s consequently worse when presented contralaterally to the cochlear implant, and there are more
damages in the speech intelligibility when there is only monoaural input.

Keywords: cochlear implant, speech perception, noise.
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INTRODUCTION

The speech sounds perception capacity
development of the sensorioneural hearing impaired indi-
vidual is a challenge for all professionals involved in the
clinical and educational audiology area, since the speech is
present in the people’s everyday life and plays a crucial
role in the human relationships.

Researches aim at improving the sensorioneural
hearing impaired speech perception quality. Technological
advances have been allowing an enhancement of signal
processing strategies in the multichannel cochlear implants
(CD, which offers a better performance to speech
understanding (1, 2). However, the most frequent complaint
of the users of such devices has been that of recognizing
and understanding the speech signal at the presence of
noise (3, 4, 5).

The noise is defined as an undesirable sound and is
present in a number of environments. The interference of
the noise with the speech may be expressed by means of
the signal/noise (S/N) ratio, defined as the difference
between the speech signal level and the noise level.
Several authors show a favorable S/N ratio for the hearing
impaired would be around + 15 decibels (dB). One for
concerning points regards the speech perception, for the
users of implant system, under unfavorable conditions,
such as in the presence of reverberation and competitive
noises (3, 6). In addition, the cochlear implant patients feel
the hearing process from a monoaural electric stimulation,
and, as a consequence, they report difficulties in the sound
localization.

The explanations for the difficulty to understand the
speech in the noise for sensorioneural hearing loss patients
are: the noise, that works as a masking; the loss of binaural
integration, that increases the signal/noise ratio at 3 dB or
more; the difficulties in the temporal and frequencies
resolution: the reduction of the hearing dynamic field and
the effect of masking the low frequencies energy (vowels)
on the medium and high frequencies thresholds
(consonants). The negative influence of noise may be
justified from the following contents: the monoaural input
to the hearing system does not allow the possible noise
reduction processing in a binaural auditory system (7).

Nature is very persistent in the fact the hearing is a
binaural process. In a relatively open space, the natural
hearing may be taken as a type of “triangulation” process,
in which the sound source is located by the relative
distance between both ears. The binaural conditions may
be both diotical (an identical stimulus presented to each
ear) and dichotical (different stimuli in each ear), that is,
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both ears receive simultaneous stimulation. The nature’s
preference is always the dichotical hearing (8).

The key-aspects of the binaural hearing are the use
of magnitude and phase interaural differences as a track to
support the location and selection processes. The time or
phase tracks operate in the region of up to 1500 Hertz (Hz)
and due to the lowest length of high frequencies sound
waves, the interaural magnitude or the intensity are the
dominant tracks for the hearing system. The hearing
experience is actually a product of the cerebral cortex,
which attempts to locate the sound sources and “tell them”.

The intensity interaural differences are strongly
reliant upon the frequency, as well as the precise angle of
the contralateral sound. Therefore, there may be 10dB for
frequencies above 2KHz, in which the head size exerts a
significant sound shadow. The time interaural differences
may be used to solve directional source differences as
slightas one or two degrees under experimental conditions.
This is a feature that indicates the parallel processing of the
auditory neurological system, which is sensitive to time
differences, is of 10 microseconds. Once the synaptic
retardations are normally of one millisecond, this may be
done only by means of a single binaural codification,
probably in the superior olivary complex in the brain stem.
This is another indication the binaural processing is crucial
for hearing.

The improvements in the speech perception depend
onthe binaural neural processing mechanisms reproduction
possibility, which are very sensitive for phase differences
between the ears and essential for the detection of the
signal in the noise.

A monoaural listener would have a considerable
disadvantage when the noise in beside the best ear. It’s
known that when the noise is separate from the speech
signal, the normal listener may reach the same intelligibility
with a noise level higher than when the noise and the
speech are coming from the same source. Two components
contribute for the binaural intelligibility difference: head
shadowing and binaural interaction. The ear opposite to
the noise (shadowed ear) has a better signal/noise ratio
because the high frequencies components of the noise are
mitigated by the head shadowing (9).

The abilities of the individual evaluated to lateralize
the sounds based on the interaural delay or intensity
differences, combined with the consonants identification
results, justify the use of binaural stimulation to improve
the speech perception capacity in the noise of the cochlear
implant users (4, 9, 10, 11, 12, 13).

Several researches have been developed to analyze
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the speech perception of cochlear implant users with focus
on aspects such as the effects of a reduction in the signal/
noise ration in the speech perception, the recognition of
the speech in the noise, with different kinds of cochlear
implants and strategies for speech codification and the
effects of the binaural stimulation in the speech perception
in the noise.

A study (14) evaluated the speech perception of
96 adult patients implanted in the silence and noise
scenarios (S/N +10 dB and S/N +5dB). In the silence
situation there was 88% of words hits, in the noise
situation and S/N+10dB there was 73% and in the S/N ratio
+5dB, 47% of the words were correctly identified. In this
study no ratio was found between the time of use and the
test punctuation.

Researchers have observed the significant influence
of the time of use of the CI in the evaluation of adult users
of cochlear implant in the CPA sentences recognition
indexes, because the longer the time of use the higher the
CPA sentences recognition indexes are. And as for the
influence of the speech codification strategies, there were
no significant differences in the sentences recognition CPA
with cochlear implants Nucleus 22 (SPEAK strategy),
Nucleus 24 (ACE strategy), Combi 40, Combi 40+ and
Clarion (CIS strategy), in silence and in the S/N ratios +5db,
+10dB and +15dB. As for the speech codification strategy,
the researchersjustified the absence of statistically significant
differences between the strategies, in the sentences
recognition, with the facility of evaluation material; they
ascribed the CIS strategy higher performance in the
consonants recognition to their high stimulation speed
(more than 800 pps) (15).

A study (16) researched the performance of 20
cochlear implant and hearing aid users in the ear
contralateral to the implant in the speech perception and
tests of sound localization. The researches tested the
words understanding abilities in silence and sentences in
the noise at the use condition only from the hearing aid
and only from the cochlear implant and with the combined
use of both, and tested the sound localization only in the
condition of combined use of cochlear implant and the
hearing aid. All speech stimuli were presented at the
frontal position, and the noise presentation ranged
between frontal position (0° azimuth) and at 90° azimuth
to the right and left, and the speech stimuli were presented
at an S/N ratio of +10dB. The results showed the benefit
of the combined use of the cochlear implant and the
hearing aid for speech perception in the presence of
competitive noise and sound localization.

Scholars have compared the performance in the
cochlear implant users speech perception under the
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conditions of use of this unilateral device and bilaterally.
They applied words and sentences recognition tests with
and without competitive noise in different conditions to
exploit means to better differ the binaural stimulation
benefits. The results indicated that variable conditions of
speech perception tests may indicate a more significant
benefit in the binaural use of the CI (17).

A study has compared the use of directional
microphones with the standard microphone in cochlear
implant users in the speech perception in silence and with
background noise. The use of directional microphones
showed a higher benefit in the speech recognition with
background noise compared to the use of standard
microphones (18).

The objective of this study is to assess the speech
perception in adult users of cochlear implant, in different
position as for the presentation of the stimulus; to compare
the speech recognition indexes at frontal, ipsilateral and
contralateral positions, and to analyze the effect of monoaural
fitting in the speech perception with noise.

METHOD

This study was accomplished in Research Center
and was approved by the Ethics Committee in the Institution
Research, to which its is bound, under process number
079.2004 and all individuals signed the Free and Clear
Authorization Term.

We first carried out a preliminary study with normal
listener adults, to validate the evaluation protocol and set
forth reference values, as for the speech recognition in
silence and in the noise at the different positions proposed.
We selected 05 individuals in the age range from 18 to 60
years, with normal hearing and submitted to the same
procedures of evaluation used with the cochlear implant
adult users: recognition of sentences in the noise with S/N
ration +10 db, atfrontal, contralateral and ipsilateral position
beside the implant.

Within the number of patients implanted attended
at the Institution, 22 adults were selected with postlingual
hearing impairment; users of cochlear implants (Nucleus
22, Nucleus 24, Combi +40 and Clarion), with more than 1
year of experience of use of the cochlear implant and with
open set speech recognition. In the evaluation situation,
the participants used only the cochlear implant, without
the use of contralateral hearing aid.

In the speech perception evaluation
accomplishment we used the two-channel audiometer
“Midimate 622 - Madsen Electronics”, connected to an
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amplifier in a free field and an acoustic box. The sentences
were recorded in the direct channel in a digital compact
disk (CD) and the speech noise in the other channel. The
competing noise includes sound energy of the speech
sounds removed from the own sentences presented. The
speech perception evaluation procedures in the presence
of competing noise were made in an acoustic cabin of
2.00 m x 2.00 m. We measured the speech sound
pressure levels and the noise that reached the individual
evaluated. The audiometer attenuator was fixed at a
given value, at the hearing level, and the speech was
presented by means of a loudspeaker. The sound pressure
measurer was positioned one meter distant from the
loudspeaker, at 0° and 90° azimuth (degrees). By using
the sound pressure measurer “linear” scale we observed
the average levels of the peak of speech. The value set
in the audiometer attenuator was derived from the average
values of the peaks of speech. This difference obtained
was used as a constant for correction between the value,
inauditory level, shown in the attenuator display and the
sound pressure level (SPL) obtained in free field. All
audiometric appliances meet the calibration norms
according to ANSI S3.6 - 1969/89 S.3.13 - 1072; ISO 389
-1975/83 ; IEC 645.

In the first moment we made the evaluation of the
external component (speech processor, antenna,
microphone, wires) and the internal component, in order
to discard any technical problem with the device during the
exam. After technical evaluation audiometric was carried
out in a free field of frequencies of 500, 1000, 2000, 3000
and 4000 Hz and the voice detection threshold (VDT) was
researched. The speech perception evaluation was made
with the speech processor programming used for longer
and mostly suitable for the situation of the noisy environment
speech, described and chosen according to the patient’s
preference.

The sentences were presented at each side
proposed with the individual at 1m from the loudspeaker,
at the intensity of 65 dB with competing noise presented
in the same acoustic box with fixed intensity of 55 dB, and
then the signal/noise ratio +10 dB was obtained. Such
sentences are composed by 3 lists, composed by 30
sentences (10 sentences in each list) formed by simple
period containing from 4 to 7 phonological terms. 10
sentences were presented at each position proposed, at
random for each presentation order: Box in front of the
patient (0° azimuth degree), ipsilateral to the implanted
side (90° degrees) and contralateral to the implanted side
(90° degrees).

The patient was prompted to repeat the sentences
and the result was calculated by the identification of the
words repeated correctly.
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Table 1. Average, medium, minimum and maximum
audiometric thresholds in field (dB NPS), in frequencies
from 250 to 4000 Hz and the voice detection threshold with
cochlear implant.

Frequencies (Hz)and LDV
500 1000 2000 3000 4000 LDV

Average 28 30 25 30 32 25
Medium 30 30 25 30 32 5
Minimum 20 20 20 20 20 20
Maximum 40 40 35 40 40 30

REesuLTs

The results described regard the speech recognition
index with competing noise at the three different positions
evaluated. Despite the main objective of this study was not
to correlate etiology, type of implant, speech codification
strategy, audiometric thresholds in free field and speech
detection thresholds with the speech recognition index in
the noise, the importance of describing them was timely.

In Table 1 we observe the average, medium,
minimum, maximum audiometric thresholds in field and
those of thresholds for voice detection, irrespectively of
the cochlear implant type.

We observe that despite the different types of
implant, the audiometric thresholds were not higher than
40dB, and the voice detection thresholds were not higher
than 30 dB, which then offered the test an ideal condition
of audibility.

Graphic 1 shows the distribution of individuals as for
the hearing impairment etiology.

In Graphic 2 we observe the distribution of the
individuals as for the type of cochlear implant and the
speech codification strategies used in each processor.

In Graphic 3 we observe the medium, minimum
and maximum indexes for sentences recognition at S/N
ratio of +10 dB at the frontal, ipsilateral and contralateral
positions concerning the cochlear implant. In this picture
it's possible to view a diminishment of the sentences
recognition indexes at the contralateral position. The
lowest sentences recognition index was found at contralateral
position (5%) and the highest sentences recognition index
was obtained at the ipsilateral position (100%).

In order to compare the results in the three different

conditions, we used the Friedman and Dunn’s parametric
test.
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Etiology

9,1%

4,5%

13,6%

54,0%
18,2%

O Idiopathic
B Meningitis
OTCE

W Malaria

O Ototoxicity

Types of Implant and Speech
Cadification Strategy

I Combi 40 + (CIS)
O Nucleus 24 (ACE)

E Nucleus 22 (SPEAK)
W Clarion (CIS)

Graphic 1. Distribution of individuals as for the hearing
impairment etiology. CET: Cranial-Encephalic Traumatism.

The statistical analysis revealed that the sentences
recognition index was significantly influenced (p<0.05)
when the positions were evaluated. There was statistically
significant difference upon comparison of the ipsilateral x
contralateral and frontal x contralateral positions. Upon
comparison of the ipsilateral x frontal conditions there was
no significant difference (p> 0.05)

DiscussioN

The results obtained in the sentences recognition
evaluation, in the hearing scenarios of S/N ratio +10dB,
proved to have significant difference between positions:
frontal, ipsilateral and contralateral positions researched in
this study.

The ipsilateral position was the condition where we
obtained the highest sentences recognition index. In this
position the highest index was of 100% of sentences
recognition. Therefore, the speech and the noise were
presented at the same side as of the cochlear implant. We
observe in this position there was no physical obstacle that
prevented the sound energy to be captured by the
microphone, perhaps for this reason the performance in
this condition was always better.

According to a study carried out with research on the
head shadow effect in implanted patients, obtained through
excision of the ipsilateral and contralateral LFR, the highest
speech recognition index was at the ipsilateral position

(19).

In the frontal condition, it was not possible to note
significant difference between the ipsilateral condition.
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Graphic 2. Distribution of individuals as for the type of
implant and speech codification strategy. SPEAK: Spectral
Peak.
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Graphic 3. Medium, minimum and maximum indexes of
sentences recognition, at the frontal, ipsilateral and contralateral
positions with cochlear implant. Ipsi: Ipsilateral Contra:
Contralateral.

The highest sentences recognition index at this position
was of 98% and the medium was 77%, identical to the
frontal position. Maybe because the microphone of al
types of cochlear implants researched was of the directional
type, there was no damage as for the capturing of sounds
originated in front of the patient (6, 18, 20).

The use of directional microphones also offers an
important increase to the speech understanding in the
noise. Improvements in the directional microphones designs,
common nowadays, offer an increase of 5 to 6 dB in the
signal/noise ratio. This may be translated into 60% of
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increase in the performance at distinguishing the speech
for some hearing impaired (21).

In the contralateral condition, we obtained the
lowest punctuation at minimum, maximum and medium
sentences recognition indexes. At this position the minimum
obtained was 5%, the maximum, 90%, and the medium,
69%, of sentences identification. All indexes researched in
this condition were lower than those of other evaluations.

The results of this study are according to several
studies that also concluded that the speech perception is
effectively damaged when a competing noise is introduced
(22). Such difficulty is added mainly when there is only
monoaural input.

Some studies confirm the benefit and the
improvement of the speech perception with competing
noise when there is binaural integration. Such benefit of the
binaural integration may occur both with the use of hearing
aid at the contralateral side and with the use of bilateral
cochlear implant (2, 16, 23, 24, 25, 20).

Asfor the use of contralateral hearing aid, a study has
evaluated the benefit of the hearing aid at the contralateral
side to the cochlear implant. To evaluate the speech
perception, we used the J-HINT sentences and list of
monosyllables in three situations: CI + Hearing Aid, Hearing
Aid e ClI alone. Both in silence and in the noise, there was
a higher punctuation in the tests with monosyllables and
sentences with the use of Cl and Hearing Aid. However, in
the situation with noise, the highest punctuation occurred
when the noise was introduced at the hearing aid side
(contralateral to the CI), due to the head shadow effect
27).

Scholars evaluated the speech perception results
obtained by 4 users of multichannel cochlear implant in the
use conditions of only the CI, only of hearing aid and of CI
plus the hearing aid. The results obtained in the CPA
sentences recognition in silence were always higher than
the S/N ratio +10dB. The best results of speech perception
were obtained in the condition of CI plus hearing aid. As
from such findings, the authors recommend the use of
hearing aid in the ear contralateral to the cochlear implant,
due to the benefits for the speech perception, although
there is no improvement of tonal thresholds obtained in
this condition (28).

As for the benefit of the bilateral cochlear implant,
researchers have studied the sound localization and the
speech perception in adults and children using bilateral
cochlear implant. 17 implanted adults were evaluated. As
for the sound localization assessment, the authors verified
that in the situation with the use of cochlear implant in both
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ears, the sound localization was facilitated. For the speech
intelligibility evaluation we used a list of sentences with 8
to 10 words in the decreasing S/N ratio. The speech was
presented in several levels until obtaining 50% of correct
words. The authors verified that, in all individuals evaluated,
there are benefits in the use of bilateral cochlear implant for
the speech intelligibility (29).

Researchers reported the results of bilateral cochlear
implant in 10 children aged from 3 to 14 years, upon the
second surgery. All used the bilateral retroauricular processor
and began to present a good performance at school and an
improvement in the quality of life, related to the speech
understanding (mainly in the noise) and sound localization
improvement (30).

CONCLUSION

As from the results obtained in this study, we may
conclude that: 1 - the speech perception performance in
implanted individuals is damaged by competing noise, no
matter the site it’s presented; 2 - the speech recognition
index is better when the speech is presented at the side of
the cochlear implant and consequently worse when
presented at the contralateral side of the cochlear implant;
3 -there is a larger damage to the speech intelligibility with
only monoaural input.

BIBLIOGRAPHICAL REFERENCES

1. Carroll], Zeng FG. Fundamental frequency discrimination
and speech perception in noise in cochlear implant
simulations. Hear Res. 2007, 231(1-2):42-53.

2. Drennan WR, Won JH, Dasika VK, Rubinstein JT. Effects
of temporal fine structure on the lateralization of speech
and on speech understanding in noise. J Assoc Res
Otolaryngol. 2007, 8(3):373-83.

3. Frederigue NB, Bevilacqua MC. Otimizacao da percep¢ao
da fala em deficientes auditivos usudrios do sistema de
implante coclear multicanal. Rev Bras Oto. 2003, 69(2):227-
33.

4. Ricketts TA, Grantham DW, Ashmead DH, Haynes DS,
Labadie RF. Speech recognition for unilateral and bilateral
cochlear implant modes in the presence of uncorrelated
noise sources. Ear Hear. 2006, 27(6):763-73.

5. Won JH, Drennan WR, Rubinstein JT. Spectral-ripple
resolution correlates with speech reception in noise in
cochlear implant users. J Assoc Res Otolaryngol. 2007,
8(3):384-92.

21



6. Chung K, Zeng FG, Acker KN. Effects of directional
microphone and adaptive multichannel noise reduction
algorithm on cochlear implant performance. J Acoust Soc
Am. 2006, 120(4):2216-27.

7. Almeida K, Torio, MCM. Préteses Auditivas. Fundamentos
téoricos e Aplicacoes clinicas. Sao Paulo: Lovise; 2003.

8. Buss E, Pillsbury HC, Buchman CA, Pillsbury CH, Clark
MS, Haynes DS et al. Multicenter U.S. bilateral MED-EL
cochlear implantation study: speech perception over the
first year of use. Ear Hear. 2008, 29(1):20-32.

9. BeijenJW, Snik AF, Mylanus EA. Sound localization ability
of young children with bilateral cochlear implants. Otol
Neurotol. 2007, 28(4):479-85.

10. Ching TY, Incerti P, Hill M, van Wanrooy E. An overview
of binaural advantages for children and adults who use
binaural/bimodal hearing devices. Audiol Neurootol. 2000,
11(Suppl 1):6-11.

11. Grantham DW, Ashmead DH, Ricketts TA, Labadie
RF, Haynes DS. Horizontal-plane localization of noise
and speech signals by postlingually deafened adults fitted
with bilateral cochlear implants. Ear Hear. 2007, 28(4):524-
41.

12. Ullauri A, Crofts H, Wilson K, Titley S. Bimodal benefits
of cochlear implant and hearing aid (on the non-implanted
ear): a pilot study to develop a protocol and a test battery.
Cochlear Implants Int. 2007, 8(1):29-37.

13. Grantham DW, Ricketts TA, Ashmead DH, Labadie RF,
Haynes DS. Localization by postlingually deafened adults
fitted with a single cochlear implant. Laryngoscope. 2008,
118(1):145-51.

14. Fetterman BL, Domico EH. Speech recognition in
background noise of cochlear implant patients. Otolaryngol
Head Neck Surgery. 2002, 3:257-63.

15. Nascimento LT, Bevilacqua MC. Avaliacio da percepcao
da fala com ruido competitivo em adultos com implante
coclear. Rev Bras Oto. 2005, 71(4):432-38.

16. Dunn CC, Tyler RS, Witt SA. Benefit of wearing a
hearing aid on the unimplanted ear in adult users of a
cochlear implant. J Speech Lang Hear Res. 2005,
48(3):668-80.

17. Wackym PA, Runge-Samuelson CL, Firszt JB, Alkaf FM,
Burg LS. More challenging speech-perception tasks
demonstrate binaural benefit in bilateral cochlear implant
users. Ear Hear. 2007, 28(2 Suppl):80S-85S.

22

Santos KTP

18. van der Beek FB, Soede W, Frijins JH. Evaluation of the
benefit for cochlear implantees of two assistive directional
microphone systems in an artificial diffuse noise situation.
Ear Hear. Feb 2007, 28(1):99-110.

19. Schleich P, Nopp P, D’'Haese P. Head shadow, squelch,
and summation effects in bilateral users of the MED-EL
COMBI 40/40+ cochlear implant. Ear Hear. 2004, 25:197-
04.

20. Braite, N. Limiar de reconhecimento de sentencas no
ruido: estudo comparativo da relagio sinal/ruido de aparelhos
de amplificacio sonora individual com microfones
direcionais e omnidirecionais [Dissertacao]. Bauru: Hospital
de Reabilitacio de Anomalias Craniofaciais, Universidade
de Sao Paulo; 2002

21. Killion M, Schulein R, Christensen L, Fabry D, Revitt L,
Niquete P e Chung K. Real-world performance of an ITE
directional microphone. Hear J. 1998, 51(4): 24-38.

22. Miller J, Schon F, Helms J. Speech understanding in
quietand noise in bilateral users of the MED-EL COMBI40/
40+ cochlear implant system, Ear and Hear. 2002, 23:198-
2006.

23. Ching TY, Incerti P, Hill M. Binaural benefits for adults
who use hearing aids and cochlear implants in opposite
ears. Ear Hear. 2004, 25:9-21.

24.Banhara MR, Nascimento LT, Costa Filho, O, Bevilacqua,
MC. Uso combinado do implante coclear e aparelho de
amplificacao sonora individual em adultos. Distirbios da
Comunicacio. 2004, 16(1): 27-33.

25. Ching TY, van Wanrooy E, Dillon H. Binaural-bimodal
fitting or bilateral implantation for managing severe to
profound deafness: a review. Trends Amplif. 2007, 11(3):161-
92.

26. Gifford RH, Dorman MF, McKarns SA, Spahr AJ. Combined
electricand contralateral acoustic hearing: word and sentence
recognition with bimodal hearing. J Speech Lang Hear Res.
2007, 50(4):835-43.

27.TakakoI, Naoki M, Shu-Ran M etal. Comparison of Speech
Perception Between Monoaural and Binaural Hearing in
Cochlear Implant Patients. Acta Otolaryngol. 2004, 124:358-
362.

28. Botelho DL, Ferrari DV, Bandini HHM, Nascimento LT,
Kimura MYT, Frederigue NB et al. A utilizacao do implante
coclear multicanal associado ao aparelho de amplificacao
sonora individual (AASD: um estudo preliminar. In: Freitas
JAS, Costa Filho AO, Bevilacqua MC, coordenadores. 15°

Intl. Arch. Otorbinolaryngol.,
Sdo Paulo, v.13, n.1, p. 16-23, 2009.



Santos KTP

EIA. Anais do 15° Encontro Internacional de Audiologia; 2000
Abr 14-17; Bauru, Brasil. Bauru: Hospital de Reabilitacao de
Anomalias Craniofaciais, Universidade de Sao Paulo; 2000,
p.133

29. Litovsky R, Parkinson A, Arcaroli J. Bilateral Cochlear
Implants in Adults and Children. Arch Otolaryngol Head Neck
Surgery. 2004, 130:648-55.

Intl. Arch. Otorbinolaryngol.,
Sdo Paulo, v.13, n.1, p. 16-23, 2009.

30. Baumgartner W, Hamzavi J, Egelierler B, Gstottner W.
Results of bilateral cochlear implantation in 10 children. In:
Proceedings European Symposium on Pediatric Cochlear
Implantation: 2000 June 4-7; Antwerp, Belgian [on line] 2000
[consultado em 15 de set 2004]. Disponivel: URL: http://
www.medel.at/web/int/news/events/anthwerpen/
anthwerpen.html

23




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /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 true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


