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ABSTRACT

Pitch perceptiors the most important factor jmerceptionof phonetic and prosodic features of speech. Tiferehce
limen for frequency (DLF) is the index of ability percept the pitch. The purpose of this study wasxamine the
ability of people with cochlear implant in pitchrpeption at the frequencies of 500, 1000, 200040100 Hz and to
compare it with normal healthy counterparts. Instlsross-sectional study, DLF test was conducted bnormal
individuals with an average age of 32.76 + 6.5 yeald and 9 individuals with cochlear implant wiah average
age of 31.77 £ 6.6 years old who had hearing loisraspeech training. After a period of speechniag (on
average 8 sessions), DLF test was repeated forlpesph cochlear implant. Data were analyzed witatistical
package SPSS using Paired t-test and independeiatbles tests. In the initial test, the DLF in irdluals with
cochlear implant in all experimental frequencies swaignificantly higher than normal people (p <0.05)
Considerable improvement was observed in the lef@ifference limen for frequency of people wittthdear
implant after training course (p <0.05).The findingf this study show that people with cochlear anplhave
partially ability to understand the pitch, espetyaht low frequencies and this ability improves hwitegular
training.
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INTRODUCTION

Speech perception is a delicate chain of eventadimg sensory stimulus to electrical signals ie thceiver level,
the transmission of these signals through periphenares and processing and interpreting them mraknervous
system. Any abnormalities in this process can dtimally affect the perception(1, 2). In this regatde role of
peripheral and central auditory system disordersspeech perception the consequences have beeredstudi
extensively. For example, inner ear damage or anyditerve can decrease the hearing threshold dsawehe
abnormal processing of severity, frequency and tifnsound (3, 4). In addition, central nervoustsysdamage
leads to complex processing defects in speech poeand recognition of sound (5, 6). During tleeent years
using biomarkers for predicting disease progressionpredicting treatment response has been draaligtic
developed.
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The pitch perception or perception of changesedl& frequency information is very important bessathey carry
prosodic information(1, 2) with different applicatis for example, using this information we canidggtish the
emotional state of the speaker, or distinguishingdigative sentences from question sentences. #dspuency
information is the carrier of acoustic / phonetiformation including formant transmission that ised for
difference of vowels as well as syllables of vowebnsonant (7, 8).

Psychoacoustics study is human subjective peraepifosounds. In fact, the Psychoacoustics relatesipal

properties of sound to feeling and perception arfsem it(9). Frequency is one of the main featwesound that is
often investigated in psychoacoustics studies.ebéffice limen for frequency (DLF) is used in ordeexamine the
ability to understand pitch.Lowest frequency diffieces between the two sounds that ear understasctatled

difference limen for frequency. Difference limenr fivequency that is shown bxf is the lowest noticeable
difference between the frequencies of two soundb Wwequency of f and f +A{9, 10). The amount of DLF in
normal people in pure sound stimulus is changegraportion to stimulus frequency, so that DLF isrgased by
the increase of frequency. Also in a fixed frequeddference, the lowest identifiable frequencyaifected by
stimulus intensity level, and would be reduced by increase(9, 11). The DLF indicates the accuraty
representation of frequency features of acousticuttis in hearing system. In other words, the gbtl distinguish

the frequency difference in normal range indicadeslio information encoding in frequency dimensionthe

auditory system had the highest accuracy.

In addition, comparing DLF between two normal amandged hearing devices yields valuable informatiorihe
reduced accuracy in audio encoding induced by damaghearing system. Analysis of DLF along with the
evaluation of other hearing cognition and electygidliogical functions can shed more light into thegure and
extent of the damage (8).Therefore, regarding &ithportance of the issue, many researchers hadéedtand
investigated on the acquisition of extents of themm of these indices as well as their changes thobagies and
different conditions, including Clinard and colle®g in 2010 obtained the DLF in the two frequencieS00 and
1000 Hz for 32 persons in age of 22-27 years ot wormal hearing (dBHL25in octave frequencies of 250-8000
Hz), and observed a significant decrease in DLBadth frequencies of 500 and 1000 Hz with increasigg(12).
Considering that the peripheral part of auditorgtegn is the main way of transmitting informations@der created
in this level may have a significant impact on &ogi processing abilities, including ability to wrdtand pitch. As
expected cochlear implant compensates the peripparaof auditory system, the aim of this studyasnvestigate
the ability to understand pitch in people with deeln implant using DLF test and comparing it wittrmal people.

MATERIALSAND METHODS

In this cross-sectional study, DLF test was cotetlon 17 normal individuals with an average ag82¥6 + 6.5
years old and 9 individuals with cochlear implantiman average age of 31.77 + 6.6 years old wheewearing
loss after language learning. To carry out the stigation, at first the patients with cochlear imul with Advance
Bionic Prosthesis and their concomitants referce@dachlear Implant center in Ahvaz were inviteadédlaborate on
project, and enough information about the methatl the results of this test were at one's dispdsalowing the
receiving the written consent, the first historkitey was conducted from each individual to identfiyd exclude
any ear disease history and confounding factorsinDuithe implementation of this step, the demogi@aplata of
each patient were colect6ed and exclusion and simolucriteria were applied. In addition, the leeélpain and
status and amount of discharge from the ear wekedafom the patient. Then, the patient was exadibg
autoscopic examination. If there is no foreign body ear canal and having norm tympanic membrane,
tympanometry test in both ears was done using afiometer immittance device, model of Zodiac 901
manufactured by Madsen to exclude middle ear dessrdf the tympanometry tests showed the tympaitiiene
peak pressure within the range of -100 to +50 dafiastatic compliance of 0.3 to 1.6, the subjeeievassigned in
the normal group. Then, aerial thresholds wererdeted in frequencies of 250 to 8000 Hz using twasmnel
audiometer device, model of AC 40 manufacturedrigriucostic Co. in acoustic room. Then, the DLt teith
pure tone stimulus at frequencies of 500, 1000028 4000 Hz was done for both normal and coclileplant
groups. The implementation process of DLF test sa#hat in listening comfort level, a sound witeduency of
1000 Hz with specific frequency changes accordmgércentage was presented to the individual irtenntly
through the speakers and he was asked to answéhextibe sound has been heard is monotonous aatimgs If
the sound was heard pulsating, percentage of cekandeequency was reduced to the extents thatdstube heard
monotonous. If the person heard the initial sounteims of monotonous, percentage of changes quércy was
increased to the extents that sound to be heasdimg. The minimum frequency changes based orepege that
was necessary that the two sound to be heard mgdat the person was considered DLF. This actias vepeated
for other frequencies. The test was conducted austec room. After a training course (averaged ssiems), DELF
test was repeated for people with cochlear implBxata were analyzed by independent and pairedd-tesng
SPSS version 18statistical package.
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RESULTS

Patient characteristics are presented in Tabldé values of DLF of normal hearing people and thaisie cochlear
implant in the initial test are presented in Tablel'able 3 shows the DLF for people with cochleaplant in the
initial test and after training course.

Statistical analyses showed that in the initiat,tése amount of difference limen for frequencypeople with
cochlear implant in all experimental frequencies wignificantly higher than normal group (p <0.0B)addition, a
considerable improvement was observed in the diffeg limen for frequency of people with cochleaplent after
the training course compared to the initial testQp05).

Table 1.Characteristics of the patients

Type of prosthesig Laterality | age | ltem
Advance Bionic Right 23
Advance Bionic Right 25
Advance Bionic Left 31
Advance Bionic Right 43
Advance Bionic Right 29
Advance Bionic Right 36
Advance Bionic Left 27
Advance Bionic Right 33
Advance Bionic Right 39

OO (N[O|O|A~[(W|IN|F-

Table 2. Values of differencelimen for frequency in Hz in normal people and those with cochlear implantsin initial

Frequency| DLFincontrols DLF inCls P-valde
500 2.08 4.04 P=0.001
1000 3.11 6.33 P=0.001
2000 4.92 19.67 P=0.00L
4000 21.43 56.41 P:0.00|1

Table 3. Values of difference limen for frequency in Hz in people with cochlear implantsin initial test and after training course

Frequency| DLF in Cls (initial) | DLF in Cls (after training)| P- value
500 404. 2.72 P=0.001
1000 6.33 491 P=0.001L
2000 79.6 13.27 P=0.001
4000 56.41 41.30 P=0.001

DISCUSSION

The aim of this study was to evaluate the abilityuhderstand pitch in people with cochlear implaytusing the
DLF test and compare it with people with normalrive@a Findings of this study showed that in botlowprs of
people with normal hearing and those with cochle@lants, the amount of DLF test was significaritigrease
with increasing frequency. This finding is consmtevith other studies such as Propst et al. (20B2pple with
cochlear implant are able to distinguish frequesayalues obtained from these people had signifidédference
values with values of people with normal hearinggisTability improves with regular training.In peephith normal
hearing, different spatial variation of basementnbeane by increasing the rigidity of the membramenfthe base
to the apex the possibility of allows encoding diferent frequencies and the ways of hearing naainthis regular
frequency balance(2,17). While, in people with deah implant of electrical stimulation can direcgyimulate
nerve fibers. Therefore, the participants with deahimplant for frequency encrypted should rely aamputer
processing strategies.Therefore, encoding of thesple may be less than desirable limit. In addjtjgeople with
cochlear implant sound encoding depend mainly ensffatial pattern and the number of electrode aHa(®)16).
These factors along with the destruction spiral glemin the effect of hearing and also possible alges caused by
the insertion of electrode can also explain ther pesformance of people with cochlear implant coregao normal
subjects in signal pitch distinction(13-15).

CONCLUSION

Findings of this study show that people with coahleanplant have ability to partially percept pitaspecially at
low frequencies and this ability improves with reguraining.
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