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ABSTRACT

Auditory temporal resolution is the main featurespéech processing abilities. Gap in noise tesNjG@ the one of
the new tests for assessing auditory temporal wgiwml. This study aimed to compare temporal resmtuability of
subjects who wear cochlear implant (Cl) and normeéring listeners. In this cross sectional studyNGvas
performed on 9 postlingually cochlear implantedigatts with mean age of 31.7746.6 and 17 control wiiean
age of 32.76#6.5 years. Following a training peri@isessions on the average), the cochlear implaats were re-
evaluated by the same test. Data were analyzedidgpendent and paired t-test using SPSS softwas@uel8.
There was significant difference in approximateetiitold and percent of corrected answers betweehlemc
implant users and normal-hearing controls (p<0.0%he mean approximate threshold and percent ofexted
answers of cochlear implant users after trainingripg, was significantly improved (p<0.05). The rksu
demonstrated that patients with cochlear implantéhaome abilityf auditory temporal resolution, and that this
ability may be improved by regular training.
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INTRODUCTION

Central auditory processing has an important noleecognizing and interpretation of auditory infation received
from the peripheral auditory system (1, 2). Temp@mcessing is one of the main capabilities of teatral
auditory system (3). Short or very rapid sequenpiadcessing of acoustic stimuli is called auditéeynporal
processing (4). Studies have reported that thet@ydiemporal processing can be underlying manycgesing
abilities such as the acoustic verbal and nonvesigalals, music perception, rhythm, pitch differation, duration
and phoneme signal processing (5). Temporal progesscludes temporal resolution, temporal orderitegnporal
ordering and temporal integration (6). Temporabhetson refers to detecting short rapid changethnsounds. The
recognition of speech information depends on scawéofs such as the auditory temporal resolutiortfan (7).
Temporal resolution proves to be necessitous feedp perception, because of providing the inforomagibout the
vowels, consonants, syllables and expression boigsddnat for discernment the speech and languagleten is
incumbent (8, 9). Gap in noise (GIN) test that diered by musiek et al. (2005) evaluates the augitemporal
resolution (10, 11). The peripheral auditory systetie main way of transferring information. Irigze at this level
may have a significant impact on central auditagcpssing abilities such as auditory temporal rg&wi. Since the
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peripheral part of the auditory system was compedshy cochlear implantation. Therefore, this stuwds aimed
to evaluate the ability of the central auditory pemal processing in cochlear implant patients utiegGIN test.

MATERIALSAND METHODS

This cross sectional non-interventional study wasdeccted on 9 postlingually cochlear implanted gras with
mean age of 31.77+6.6 and 17 individuals with ndrh&aring (audiometric thresholds of 20 dB HL ottéeat
octave frequencies between 250 and 8000 Hz) asotemiith mean age of 32.76+6.5 years at Khoozestahlear
implant center, speech and hearing research cehtdhvaz Jondishapoor University of Medical Sciesc&he
entire cochlear implanted group was fitted with fttvance Bionic device.

All subjects were informed about the nature angpse of the study before consenting to participEbe. inclusion
criteria were age ranged between 20 to 50, righdédness and no previous history of depressionmeiathat
might affect the nervous system, coma, brain amihbtem surgery. All participants signed a congemn after
informed about the nature and purpose of the study.

GIN test were done in sound-treated room. Stimelievouted via a CD and AC 40 diagnostic audiom&éN test
composed of a series of 6-second white noise segmEne test administered at the 50dBSL comparespéech
recognition threshold. Approximate gap threshold percentage of the correct responses are twaiariter this
test (12).

Following a training period (8 sessions on the age}, the cochlear implant users were re-evaluayeithe same
test.

Data were analyzed by t-test because the distobutf data was normal by Kolmogrov — smirnov texd a<0.05
was statistically considered significant. SPSSveanfé version 18 was used in this study.

RESULTS

Patient characteristics are shown in Table 1. Teampercentage of correct responses and mean apptexgap
thresholds of GIN test in normal subjects and p#gigvith cochlear implant in initial test have bestown in Table

2.
Table 1. Characteristics of the patients

No. Implanted ear Age Device Type
1 Right 23  Advance Bionic
2 Right 25  Advance Bionic
3 Left 31  Advance Bionic
4 Right 43  Advance Bionic
5 Right 29  Advance Bionic
6 Right 36  Advance Bionic
7 Left 27  Advance Bionic
8 Right 33  Advance Bionic
9 Right 39 Advance Bionic

Table 2. Approximate gap threshold and per centage of the correct in cochlear implant usersand normal-hearing listeners

Test measures Mean (SD) in normal group (n=17) Mean (SD) in Cl group (n=17)
Approximate threshold 4.81 (0.57) 14.1 (0.82)
Percentage of correct response 69.8 (7.1) 23.1 (5.3)

Figure 1 shows the mean percentage of correct negigoand mean approximate gap thresholds of GliNirtes
cochlear implant patients in initial test and pastining tests.

Statistical analysis showed that in the initiat,t@epproximate gap threshold and percentage ofdhect responses
of cochlear implant users was significantly poorewltompared with that of normal-hearing controts 0). The
mean approximate gap threshold and percentageeofdirect responses of cochlear implant users afiering
period, was significantly improved (p= 0.00).
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Graph 2. Preand post training approximate gap threshold and per centage of the correct responsesin cochlear implant users
DISCUSSION

The aim of this study was to compare temporal @siog performance of central auditory system inhtear
implantusersand normal-hearing listeners by using GIN test.

We found that cochlear implant users in our stuidlyrbt discriminate gap in noise as well as norynakaring
individuals. The results from this study showedt ttachlear implant users somewhat were able totifgesilent
gap duration and this ability may be improved byutar training.

The present study has shown that there is a signifidifference between percentage of the coremgianses and
approximate gap threshold of controls and cochieglant users. Upon the obtained results, we olesetower
percentage of the correct responses and largepxipgate gap threshold in cochlear implant usersother word
temporal resolution ability in cochlear implant isspoorer than normally hearing individuals. Thisdings are in
accordance with the results of other studies suckha study conducted by Muchnik et al. (1994).yTfound
absolute values of gap detection threshold (GDTthécochlear implant group were longer compareti triose
obtained from normal-hearing subjects (13).

In normal-hearing listeners, cues embedded inghgoral structure of the stimulus envelope contellia speech
recognition (14). For cochlear implant listenetsovhave only limited spectral discrimination, suemporal cues
are especially important (15). For this reasompregfto optimize the accurate transmission of émeporal features
of the acoustic envelope have the potential to awprspeech reception. As electric pulse rates &sexreinterpulse
intervals shorten to less than the refractory pisriof auditory fibers. In that condition, auditorgrve responses
become stochastic, exhibiting firing patterns maireilar to those evoked by acoustic stimulation,angarticular,
showing broadened dynamic ranges. These more pbgisal, neural response patterns have been hysiattbto
enhance transmission of temporal details (16). Hmyseffect of increased electric pulse rate shbelgarticularly
evident in sensitivity to the stimulus envelope)(17

Moore and Oxenham (1998) reported that cochleatingefoss provokes basilar membrane responsestbanore
linear, which results in lower temporal resolutid®). The abilities of mammalian auditory nerveefi® to encode
temporal gaps in wideband noise stimuli have besastigated by Zhang et al. (1990) (19). Taking iatcount
reductions in firing rate during the gap and inse=ain spike counts immediately after the gap. Thagd that gap
encoding improved with gap duration and sound |€86t80 dB SPL). In normally hearing individualsrying
firing rate of hair cells of the cochlea allows the temporal coding and the auditory pathway feariaformation
to auditory cortex. Cochlear damage would provokerées of changes in auditory input, reflectirigrations along
the auditory pathway, and such alterations might dde related to temporal resolution. This serieaulitory
pathway alterations might influence auditory preoeg during temporal resolution tasks. Cochlear lamis,
however, bypass the cochlea and electrically satsuhuditory nerve fibers directly. Thus, cochleaplant users
must rely on computerized processing strategiestmde sound, which may be insufficient. Furtheemoochlear
implants encode sound based primarily on placepatind are limited by the number of channels allal In
cochlear implants users a number of factors hawn lshown to affect auditory information such astetele
configuration (20), proximity to the modiolus (213nd electrode position (21). It has also been dothmat
characteristics of the stimulus or complexity o #$timulus can affect discrimination. These factoesnbined with
spiral ganglion cell degeneration resulting frondigary deprivation and the possibility of electradeertion trauma
may explain the poorer performance by cochlearamplsers in the present study.
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CONCLUSION

The results from this study showed that cochlegnamt users have somewhat auditory temporal rasalatbility,
and this performance may be improved by regulanitrg.
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