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ABSTRACT

Introduction: Tinnitus is often perceived temporarily after noise exposure, usually disappearing within a few hours.
However, a significant number of young people perceive permanent tinnitus which is the most frequent symptom following
exposure to noise via PLDs.

Objective: To evaluate the effect of music exposure through (PLD) with and without tinnitus on results of EHFA,
TEOAESs, ABR and SPIN tests in normal hearing young adults.

Patients and Methods: Sixty normal hearing young adults were included in this study, fifteen as a control group and
forty-five PLDs users as study group, the study group were subdivided according to the presence of tinnitus into two
subgroups. All subjects were submitted to basic audiological evaluation (pure tone audiometry, speech audiometry and
immittancemetry), Extended high frequency audiometry (EHFA), transient evoked otoacoustic emissions (TEOAE?s),
auditory brainstem response (ABR) and speech perception in noise (SPIN) test.

Results: There were statistically significant differences in extended high frequency audiometry (HFA) at different
frequencies among study and control groups. There were statistically significant differences in transient evoked otoacoustic
emission test (TEOAEs) response among control and study groups. There were no statistically significant differences in
absolute and inter-peak latencies of low and high repetition rate ABR among control and studied groups. There were
statistically significant differences in speech perception in noise test (SPIN) among the control and study groups.
Conclusion: : exposure to recreational noise due to excessive PLDs usage cause elevated EHFA thresholds, decreased

TEOAESs amplitudes and decreased SPIN scores despite normal conventional PTA thresholds.
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INTRODUCTION

Tinnitus is hearing sound when no external sound is
present!!!, It is often described as a ringing. It may also
sound like a clicking, hiss or roaring. Rarely, unclear
voices or music are heard. The sound may be soft or loud,
low pitched or high pitched and appear to be coming from
one ear (unilateral) or both (bilateral). Most of the time,
it comes on gradually. In some people, tinnitus causes
depression, anxiety or interferes with concentration!!.

Although tinnitus is usually associated with hearing
loss, it also may occur with normal hearing because normal
hearing thresholds do not necessarily indicate the absence
of cochlear damage or complete organization of central
auditory systemB4l,

The several background noises that are present in daily
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life can sometimes make listening difficult, especially when
trying to understand speech. So, Speech-in-Noise tests are
designed to indicate the ability to understand speech in
presence of background noise. The test contains sentences
that simulate a range of contextual situations encountered
in everyday speech communication. The evaluation of
SPIN test should be considered a very important aspect to
be measured in human auditory function. Some studies
reported the effect of tinnitus on speech reception in noise!®’.
showed thata group ofhearing impaired tinnitus patients had
significantly worse speech perception abilities compared to
a control group with the same hearing impairment levels.
Tinnitus patients with normal hearing often complain of a
reduced ability to communicate and discriminate between
words, especially in noisy environments!”. However, it has
not been determined whether the speech perception ability
of these patients is actually reduced by internal noise or by
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other causes as hidden HL or central deficit®!.

Most of teenagers and young adults use personal
listening devices (PLDs) such as mp3 players and mobile
phones. The availability of portable PLDs with long
battery life, large storage capacity and high quality of
sound output has allowed users to regularly listen to these
devices for long time and at high volumes!. They are at
risk to develop noise-induced symptoms such as hearing
loss, hyperacusis, and tinnitus which is the most frequently
symptom reported by PLDs users!'?. Some studies found
no measurable peripheral damage in tinnitus subjects with
normal hearing at conventional audiometry. Gilles ef al.!'%
suggested that the presence of tinnitus in PLD users may
occur without measurable peripheral damage and might
cause more central reorganization at the level of cochlear
nuclei than expected. Another study found no peripheral
affection in tinnitus subjects with normal conventional
PTA (no significant difference between tinnitus and non-
tinnitus subjects as regard EHFA and OAEs!'!l.

However, many studies proved the presence of
peripheral damage (in the form of decreased TEOAEs
or elevated EHFA thresholds) in tinnitus subjects with
normal hearing at conventional audiograms.Fernandes
and dos Santos,!'? found that the TEOAE S/N ratio values
were lower in the tinnitus group than the tinnitus-free
group on all analyzed frequencies and for both left and
right ears. Also, Paglialonga et al!’®! showed decreased
TEOAE S/N ratio in tinnitus subjects with normal hearing
sensitivity!"*151¢1 compared EHFA in tinnitus patients
with normal hearing to age and gender matched controls
and reported hearing loss for extended high-frequency
audiometry in tinnitus subjects.A controversy exists in
adults with normal hearing thresholds and tinnitus due
to leisure noise, so this study is designed to assess the
differences in audiological characteristics between noise-
exposed adults with and without tinnitus.

PATIENTS AND METHODS

This study was conducted during the period from
15/03/2017 to 20/04/2018 after Approval of Ethical
Committee at 8/02/2017. Subjects included in the present
study were divided into two groups:

a) Control Group: Included 15 normal healthy subjects
not using PLDs regularly (collected from relatives and pre-
employment evaluation) matched the study group as regard
age and gender.

b) Study Groups:Included 45 subjects, they subdivided
into two subgroups:

* Group 1 (G1): consisted of 30 subjects with history of
regular exposure to music through PLDs and complaining
of tinnitus,referred from ENT clinic.

* Group 2 (G2): consisted of 15 subjects with history
of regular exposure to music through PLDs but without
complaining of tinnitus, randomly selected from university
students.

Both control and study groups had bilateral normal
peripheral hearing (with hearing threshold levels
not exceeding 25 dB at any frequency in the range
of 250- 8000 Hz) and age range (18-45 years). In the
present study all study group were PLDs users used to
prefer listening to tonal music (songs) during their daily
travelling which is around 2-3 hour per day and set the
sound volume at the maximum level of the device with
average exposure period of 3 months and was examined
2 days after last exposure to avoid tinnitus of temporary
period!l,

Exclusion criteria:

Subjects with the following criteria were excluded
from the study:

1. Age below 18 or above 45 years.
. Objective or somatic tinnitus.
. Middle ear pathology.

. Congenital ear malformation.

. Hearing loss.

2
3
4
5. Any neurologic diseases.
6
7. Diabetes, hypertension, trauma and tumors.
8

. Tinnitus accompanied by vertigo, history of ototoxic
drug use, or hearing loss with a conductive or surgically
correctible component.

9. Occupational noise exposure.

10. Retro-cochlear lesions.

B- Methods:

All subjects in this study were submitted to the
following:

1. Full History taking.
2. Otological examination.

3. Basic audiological evaluation including: -Pure tone
audiometry (PTA) for both air and bone conduction
and Speech audiometry using Madsen, Orbiter 922.
-Immittancemetry using Madsen Zodiac 901which include:
a) Tympanometry which was done at varying
pressureranging from +200 to 400 mmH2O to evaluate
themiddle ear pressure and compliance and to exclude
middle ear pathology.

b) Acoustic reflex thresholds elicited both ipsilateraly and
contralateraly using pure tones of 500, 1000, 2000 and
4000Hz.
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4. Extended high frequency audiometry including: -10,
12.5 and 16 kHz by using Sennheiser HDA 200 circumaural
head phones.

5. Otoacoustic Emissions: Transient evoked otoacoustic
emissions (TEOAEzs):

TEAOE amplitudes were measured in both ears of
subjects using a diagnostic OAE analyser (Otodynamics
ILO V6). During the tests, subjects were seated comfortably
in a sound-attenuated booth and told to limit their
movements. An OAE probe fitted with appropriatesized
ear tip was placed in the external ear canal of subjects and
the probe fit was confirmed with the in-the-ear calibration
by the software.

TEOAEs were elicited using non-linear click sounds
of 100 ps presented at an intensity level of 80 dBSPL
with 260 presentations of click and recorded over a
frequency band of 1000- 4000Hz. The stability of the
stimulus was maintained at >80% and reproducibility level
of >70% U". The overall amplitude of the TEOAE
spectrum and TEOAE amplitudes at five frequency bands
(1, 1.4, 2, 2.8 and 4 kHz) were determined. OAEs were
considered as present when the signal to noise ratio (SNR)
exceeded 3 dB and were considered as absent when the
SNR was below 2.99 dBI'81.

(6) Auditory brain stem response (ABR) as neuro-
otologic evaluation:

ABR were recorded in a sound-treated room with a Bio-
Logic Navigator Pro interface. The skin was prepared by
use of a Nuprep gel in order to lower the skin impedance
which had to be below 5 KOhm. Electrodes were placed
on both mastoids and on the forehead. Subjects lay down
on a comfortable bed and the light was subdued. Subjects
were also instructed to keep the eyes closed during the
measurements and to minimize all muscle activity as much
as possible.

1024 rarefaction acoustic clicks each of 100 psec
duration were presented monaurally via supra aural
earphones at an intensity of 90 dBnHL between 2000-
4000 Hz at low repetition rate (LRR) and high repetition
rate (HRR) (21.1 and 71 p\sec.).The band pass filter was
set at 100 to 1500 Hz and the recording sensitivity was
adjusted to 31.67 microvolts.

Identifiable and repeatable ABR waves (I, 111, V) were
detected when either ear was stimulated at 90 dBnHL. Both
absolute and inter-peak latencies were calculated as well.

(7) Arabic speech perception in noise (SPIN) test:
Arabic Speech in noise Test (SPIN) was done using
Arabic Phonetically Balanced (PB) words recorded in
a back ground of cafeteria noise. It consisted of 8 lists
each of 25 monosyllabic words. The speech test materials

and noise were delivered monaurally to each ear through
headphones. The patient was asked to repeat the words and
ignore the noise. The stimulus was presented at a level of
45-50 dB SL with a signal to noise ratio (SNR) equal zero
dB meaning that speech and noise are presented equally
loud (45-50 dB SL). Scoring was done by calculating the
number of % correct words out of the total*!.

Statistical analysis

Data were analyzed by Statistical Package of Social
Science (SPSS), software version 24.0 (SPSS Inc.,
2016).Continuous data were presented as the Mean
+SD if normally distributed or Median (Range) if not
normally distributed. Normality was checked by Shapiro
test.Categorical data were presented by the count and
percentage.The one-way analysis of variance (ANOVA):
is used to determine whether there are any significant
differences between the means of two or more independent
(unrelated) groups on a continuous dependent variable.

Tukey post hoc test: it is used for multiple comparisons
between groups following ANOVA test. The chi-squared
test: is used to discover if there is a relationship between
two categorical variables.

P-value<0.05 indicates significant, P<0.01 indicates
highly significant difference, P<0.001 indicates very
highly significant difference while, P>0.05 indicates non-
significant difference .

RESULTS

No statistically significant differences between control
and studied groups as regards age and gender (table 1).No
statistically significant differences in pure tone audiometry
(PTA) at different frequencies among control and studied
groups (table 2).Recreational noise with tinnitus (G1) and
recreational noise without tinnitus (G2) groups had higher
EHFA thresholds at all frequencies bilaterally from (10 to
16 KHz) than control group with statistically significant
differences (table 3). Recreational noise with tinnitus (G1)
and recreational noise without tinnitus (G2) groups had
lower TEOAEs at all frequency bands bilaterally from
(1000 to 4000 Hz) and total OAE response than control
group with statistically significant differences (table 4).
No statistically significant differences in absolute and
inter-peak latencies of low repetition rate ABR among
control and studied groups (table 5), no statistically
significant differences in absolute and inter-peak
latencies of high repetition rate ABR among control and
studied groups (table 6). Highly statistically significant
differences in speech perception in noise test (SPIN) was
found between the studied groups and controls in both
ears (table 7).
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Table 1: Demographic data of the studied groups

CG G1*

G2

Variables =15 0=30 n=15 Significance test P-value
Age (years) ANOVA
= 0.75
Mean+SD 29.5+7.4 29.4+6.3 28+5.1 (F)=029
Gender
Male, n (%) 7(47%) 16(53%) 7(47%)
x2=0.27 0.87
Female, n (%) 8(53%) 14(47%) 8(53%)
%2, Chi-squared test
*CG: control group.
*G1 subjects with music exposur through PLDs with tinnitus group.
*(G2: subjects with music exposur through PLDs without tinnitus group.
Table 2: Comparison between control and studied groups as regard to pure tone audiometry (PTA) thresholds.
CG Gl G2
Frequency/ Hz Side n=15 n=30 n=15 AN19= VA P-value
Mean+SD Mean+SD Mean+SD
RT 14.243.5 14.9+£3.8 14.7+4.3 0.17 0.85
250
LT 14.3£3.1 15+3.6 15.3+3.9 0.32 0.73
RT 13+2.4 13.7£3.3 14.4+3.7 0.71 0.49
500
LT 12.743.1 13.2+2.7 13.3+£2.9 0.20 0.82
RT 11+2.7 12.2+2.6 12.6+£2.5 1.60 0.21
1000
LT 11.3£2.2 11.7£2.4 1243.1 0.29 0.75
RT 10+3.2 11.242.1 10.7+1.7 1.33 0.27
2000
LT 10.3£2.9 11.5+£2.3 11.8+£2.8 1.49 0.23
RT 10.5+1.8 1243 12.3£3.1 1.92 0.16
4000
LT 10.242.8 12.5+£3.4 12.443.3 2.76 0.07
RT 11.1£4.2 11.9£3.6 12.1£3.8 0.31 0.74
8000
LT 11.4£3.9 13.6£3.2 13.8+£2.2 2.87 0.06

*CG: control group, G1 subjects with music exposur through PLDs with tinnitus.
*@G2: subjects with music exposur through PLDs without tinnitus.
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Table 3: Comparison between control and studied groups as regard to extended high frequency audiometry (EHFA) thresholds.

CG Gl G2
Frequency/ Hz Side n=15 n=30 n=15 AN19= VA P-value Tukey post hoc test
Mean+SD Mean+SD Mean+SD

CGvs. G1 =0.035

RT 14.2+3.5 14.9+3.8 14.7+4.3 0.17 0.85 CGvs G2=0.013

10000 CGvs. G1=0.015
Vs. =0.

LT 14.3£3.1 15+3.6 15.3£3.9 0.32 0.73 CG vs. G2 =0.007

CGvs. G1=0.034

RT 13£2.4 13.7+£3.3 14.4+3.7 0.71 0.49 CGvs G2=0.011

12500 CG vs. G1 =0.006
Vs. =0.

LT 12.7+3.1 13.2+£2.7 13.3£2.9 0.20 0.82 CG vs. G2 =0.001

CG vs. G1 =0.045

RT 11£2.7 12.2+£2.6 12.6£2.5 1.60 0.21 CG vs. G2 = 0.003

16000 CG vs. G1 =0.032
LT 113+22 11.742.4 1243.1 0.29 0.75 vs. G1=0.

CG vs. G2 =0.005

*CG: control group.
G1 subjects with music exposur through PLDs with tinnitus.
*G2: subjects with music exposur through PLDs without tinnitus..

Table 4: Comparison between control and studied groups as regard to transient evoked otoacoustic emission test (TEOAESs) at different
frequencies and total OAE response.

CG Gl G2
Frequency/ Hz Side n=15 n=30 n=15 ANFO: VA P-value Tukey post hoc test
Mean+SD Mean+SD Mean+SD
CGvs. G1 =0.031
RT 13.7£5.1 10.8+3 10.3+2.4 4.4 0.017 CG vs. G2 = 0.028
10000 CG vs. G1 =0.003
vs. G1 =0.
LT 14.3+£5.2 10.4£3.1 10.5+£2.5 6.4 0.003 CGvs. G2=0015
CGvs.G1=0.014
RT 14+5.5 10.6+3.4 10.1+1.4 5.3 0.008 CGvs. G2 =0015
1400 CGvs.G1=0.011
vs. G1 =0.
LT 14.1+£5.3 10.743.3 9.9£1.5 6.1 0.004 CG vs. G2 = 0.006
CGvs.G1=0.015
RT 18.8+4.1 15.244.2 14.74£3.2 5.2 0.009 CGvs. G2 =0.017
2000 CG vs. G1 =0.009
vs. G1 =0.
LT 19+3.7 14.84+4.6 13.844.3 6.5 0.003 CG vs. G2 = 0.005
CGvs.G1=0.018
RT 18.5+4.1 14.944.5 14.6+2.8 4.7 0.013 CG vs. G2 = 0.028
2800 CG vs. G1 =0.003
vs. G1 =0.
LT 18.7+4 14.543.5 13.9+4 .4 7.4 0.001 CG vs. G2 = 0.004
CGvs.G1=0.016
RT 16.1+4.2 12.743.9 12.1£2.9 53 0.008 CGvs. G2=0014
4000 CG vs. G1 =0.004
vs. G1 =0.
LT 17.84£5.0 13.243.8 12.444.7 7.2 0.002 CG vs. G2 =0.004
CGvs.G1=0.011
RT 11.8+1.7 10+£1.9 9.842.1 5.5 0.007 CGvs. G2 =0015
Total OAE -
LT 12.3+1.6 10.242.2 9.742 74 0.001 CG vs. G1=0.005

CGvs. G2=0.002

*CG: control group.
G1 subjects with music exposur through PLDs with tinnitus.
*(G2: subjects with music exposur through PLDs without tinnitus.
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Table 5: Comparison between control and studied groups as regard to absolute and inter-peak latencies (IPL) of LRR ABR.

CG Gl G2
Latencies Side n=15 n=30 n=15 ANO:VA P-value
Mean+SD Mean+SD Mean+SD
RT 1.59+0.06 1.63+0.07 1.62+0.05 2.02 0.14
Wave I
LT 1.58+0.09 1.62+0.10 1.60+0.08 0.95 0.39
RT 3.61£0.13 3.65+0.14 3.63+0.12 0.47 0.63
Wave 111
LT 3.59+0.11 3.64+0.15 3.62+0.16 0.61 0.55
RT 5.39+0.20 5.50+0.17 5.45+0.21 1.74 0.18
Wave V
LT 5.38+0.22 5.51+0.18 5.42+0.19 2.59 0.08
RT 2.01£0.12 2.03£0.10 2.06+0.14 0.71 0.49
I-I1
LT 2.02+0.11 2.04+0.12 2.05+0.09 0.29 0.75
RT 1.79+0.18 1.84+0.13 1.81£0.16 0.59 0.56
1I-v
LT 1.75+0.21 1.82+0.17 1.77+0.20 0.81 0.45
RT 3.79+0.16 3.86+0.15 3.83+0.19 0.93 0.40
I-v
LT 3.77+0.22 3.88+0.17 3.82+0.18 1.84 0.17
*CG: control group.* G1 subjects with music exposur through PLDs with tinnitus group.
*(G2: subjects with music exposur through PLDs without tinnitus group.
Table 6: Comparison between control and studied groups as regard to absolute and inter-peak latencies (IPL) of HRR ABR.
CG Gl G2
Latencies Side n=15 n=30 n=15 ANFO= VA P-value
Mean+SD Mean+SD Mean+SD
RT 1.83+0.10 1.87+0.11 1.84+0.12 0.79 0.46
Wave |
LT 1.72+0.14 1.78+0.15 1.76+0.13 0.88 0.42
RT 3.88+0.24 3.92+0.23 3.86+0.20 0.39 0.67
Wave I
LT 3.77+0.22 3.84+0.13 3.82+0.17 0.89 0.42
RT 5.83+0.16 5.88+0.15 5.87+0.18 0.50 0.61
Wave V
LT 5.76+0.10 5.81+0.11 5.80+0.14 0.95 0.39
RT 2.06+0.16 2.05+0.17 2.02+0.15 0.25 0.78
I-11I
LT 2.12+0.21 2.10+£0.24 2.09+0.22 0.07 0.93
RT 1.95+0.19 1.96+0.18 2.01£0.12 0.57 0.56
11-v
LT 1.92+0.21 1.93+0.23 1.99+0.09 0.58 0.56
RT 4.00+0.20 4.01+0.17 4.06+0.15 0.55 0.58
-V
LT 4.04+0.19 4.03+0.18 4.05+0.16 0.07 0.94

*CG: control group G1 subjects with music exposur through PLDs with tinnitus.

*@G2: subjects with music exposur through PLDs without tinnitus.
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Table 7: Comparison between control and studied groups as regard to speech perception in noise (SPIN) test.

CG Gl G2
SPIN % n=15 n=30 n=15 ANO:VA P-value Tukey post hoc test
Mean+SD Mean+SD Mean+SD

CG vs. G1 <0.001

RT 93.6+3.6 74.9+3.7 80+2.5 150.3 <0.001 CG vs. G2 <0.001
G1 vs. G2 <0.001
CG vs. G1 <0.001

LT 93.9+3.7 7543.6 80+3.5 138.5 <0.001 CG vs. G2 <0.001

G1 vs. G2 <0.001

*CG: control group.
G1 subjects with music exposur through PLDs with tinnitus.

*G2: subjects with music exposur through PLDs without tinnitus .

DISCUSSION

In the current study, there was no statistical significant
difference between study and control groups as regard age
and gender (table 1). No statistical significant dil 'erences
in conventional pure tone audiometry (PTA) between
study and control groups (table 2). All had normal
hearing thresholds (not exceeding 25 dB) at frequency
range (250- 8000 Hz) with excellent speech discrimination.
Noise exposure duration in the study group ranges from 1
to 4 years. This short duration of exposure may be the
reason for absent clinically apparent NIHL in conventional
PTAs. Hearing loss arising from exposure to continual loud
sounds as in PLD usage is usually gradual and appearing
after many years of exposure®. Extended high frequency
audiometry (EHFA) test results:

The current study showed that EHFA was significantly
higher at all frequencies in group 1 and group 2 than the
controls. There was no statistically significant difference
between group 1 and group 2 (table 3). These results
indicate that EHFA was affected by noise via PLDs not
by tinnitus as there was no difference between G1 and G2.
These results agree with Peng et al.*'! and Le Prell et al.??
who carried out research about the risk of damage due to
exposure to noise coming from personal music players
(PMPs). They found that EHFA had been affected by
noise earlier than conventional audiometry and concluded
that long-term use of PMPs can impair hearing function.
Sulaiman et al.* found that when there were no signs of
noise induced hearing damage detected on the conventional
audiometry (125 Hz to 8 kHz) hearing thresholds at
the higher frequencies (9-16 kHz) can be significantly
increased. They suggested the presence of an early-stage
hearing damage in young PLD users listening for >1 h/ day
and at more than 50 % of the maximum volume settings of
their devices. This can be due to initial cochlear damage
which may involve lesion to the outer hair cells (OHCs) at

the basal end of the cochlea, the area which encodes sounds
of higher frequencies that are not tested in conventional
audiometry®4.

The present study agree with Barnea et al.*! who
found that extended high frequency audiometry thresholds
in tinnitus and non-tinnitus subjects (with normal hearing
between 250 Hz and 8 kHz) were not significantly different.
Also Gilles et al.!' showed that there was no significant
difference in EHFA between noise-exposed subjects with
and without tinnitus. They assumed that tinnitus was due
to cortical hyperactivity not due to peripheral hearing loss.
This was in line with current result between group 1 and
group 2.

However, the current study disagree with some
other studies as!'* '> ') who measured EHFA in tinnitus
patients with normal hearing between 250 Hz and 8 kHz
and compared their results to those of an age and gender
matched controls. They found that most of tinnitus patients
had hearing loss for extended high-frequency sounds. Their
difference from the current study may be due to different
sample size and different age of study group.

Transient Evoked Otoacoustic Emission (TEOAE)
test results:

Signal to noise ratio (SNR) was lower at all frequency
bands in group 1 and group 2 than the controls with
statistically significant difference (table 4) indicating
subclinical cochlear damage. The initial subclinical
cochlear damage found in PLD users could progress into
permanent NIHL after years of PLD usage.These results
agreed with?6-217.193% who reported that the amplitude of
TEOAESs were found to be decreased in regular PLD users
compared with non-users.

In this study, there was no statistically significant
difference between group 1 and group 2 in TEOAE. In
line with our result Gilles et al.l' reported that TEOAEs
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and DPOAESs did not show significant di[ lerences between
noise-induced tinnitus and non-tinnitus noise exposed
groups. They suggested that the presence of noise-induced
tinnitus may occur in the absence of measurable peripheral
hearing damage and might cause more central plasticity
than expected. The occurrence of tinnitus does not depend
upon the degree of damage to the OHCs, but rather upon
different neuro-plastic changes that occur in the central
auditory system after the same degree of cochlear damage.
This may be explained as the neuro-plastic changes in
central auditory system induced by deafferentation may
vary despite the same amount ofouter hair cells damage
and tinnitus may develop in selective cases. Many
unknown factors can increase the synchrony of single
neuron activities, unmask dormant synapses, create new
connections between neurons, or increase the spontaneous
activity in central auditory system due to the lack of
auditory inputl®'*3l. The current study agreed with**3>!!]
who compared patients suffering from tinnitus and found
no difference in TEOAE parameters between patients with
tinnitus and normal subjects.

In contrast with results of current study®*¥"*® found
that TEOAEs amplitudes were lower in tinnitus patients
than non-tinnitus subjects. They concluded that outer hair
cell dysfunction might be important in the generation of
tinnitus. Therefore, the fact that the TEOAEs had lower
amplitudes in the tinnitus group may be related to peripheral
hearing disorders that may be the cause of the tinnitus.

Auditory brainstem response (ABR) test results:

The current study showed no statistically significant
difference in absolute and inter-peak latencies of both
low and high repetition rate ABR among control and
studied groups (table 5, 6). ABR used in current study to
evaluate the auditory pathway at the brain stem level and
results indicate normal neural transmission in auditory
nerve in normal hearing adults with and without tinnitus.
These results agreed with Gilles et al.l' who did not find
any dillerences in ABR results between tinnitus group
and controls (both had normal hearing and exposed to
recreational noise).

Also, Barnea et al.’) performed ABR testing on a
tinnitus group with normal hearing sensitivity in the range
of 125 Hz to 8 kHz compared to an age- and gender-
matched control group and did not find difference between
the groups. Same results were reported by McKee and
Stephens® and Kehrle er al.*l.

Meanwhile, Gabrt*” reported that there was no
significant difference between normal hearing adults with
and without tinnitus. However, some tinnitus patients
showed abnormal prolonged absolute latencies, IPLs
and increased inter-aural latency difference of wave V
(ILD-V). These results suggested impaired neural firing

synchronization and transmission in the auditory pathways
in tinnitus patients.

Also,Konadath and Manjula*! reported no significant
differences in ABR latency and amplitude between normal
hearing subjects with and without tinnitus. However,
patients with tinnitus showed abnormally reduced absolute
amplitudes of peaks I and V. The reduced amplitude of
peaks I and V with normal absolute latencies of peaks I,
III and V indicated that the origin of tinnitus may be due
to decreased excitation of auditory nerve fibers as a result
of peripheral hearing loss in frequencies above 8 kHz. This
peripheral loss resulted from hair cells damage and could
be the reason for reduced output from auditory nerve fibers
at the brainstem level. Peripheral damage at the level of
the cochlea (damage of OHCs) causes decreased auditory
input. Output from central auditory neurons is modulated
in response to input alterations*?. The reduced peripheral
output leads to sensory deprivation, which leads to altered
neural activity in various areas of the brain!*l.

Speech perception in noise (SPIN) test results:

The current study showed highly statistically
significant differences in speech perception in noise test
(SPIN) between the studied groups and the controls in
both ears. Group 1 had lower SPIN scores than control
group in both ears (table 7). This means that tinnitus itself
could adversely affect speech perception ability in noisy
situations in the tinnitus patients in comparison with
healthy controls. Possibly suggesting central processes
could contribute to tinnitus and centrally located deficits
in tinnitus subjects. These results agreed with many studies
that measured the speech recognition in noise in tinnitus
patients, such as[®1%448] who reported poorer performance
on speech perception in noise was seen in tinnitus patients
when compared with individuals without complaints of
tinnitus. Also, the reason for poorer speech understanding
ability in the presence of noise has been attributed to the
fact that tinnitus interferes with the speech perception.
Also the medial olivary cochlear system had a role in
the recognition of auditory stimuli in the presence of
noise *and a disorder in this system was also hypothesized
to cause tinnitus.

In the current study, there was statistically significant
difference between G2 and control group (table 7). This
result agreed with®* who measured speech in noise in PLD
users.Hrudanandal? found that subjects who used PLDs
had significantly poor speech perception abilities in noise
compared to non-users. The observed deterioration in the
speech processing abilities in the PLD users, probably
due to changes in the central auditory system caused due
to prolonged exposure to loud music. It has been reported
that long-term noise may have a persistent effect on brain
function and behavior, even when the peripheral hearing
sensitivity is within normal ranget” . It could be said that
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cortical reorganization may occur due to frequent exposure
to recreational noise in the absence of any measurable
peripheral hearing loss.

In contrast with the current results*! did not find
evidence for speech comprehension impairments.
Tugumia et al.®" used speech-in-Noise test as a validation
of an auditory training procedure in 12 subjects suffering
from tinnitus. Speech comprehension did not improve due
to training and was already in the normal range before
training. Reasons for this difference to other studies might
be the rather mild condition of the studied patients, their
young age and small sample size.

In the current study Group 1 and group 2 had statistically
significant difference in SPIN test only with no significant
difference in EHFA, TEOAEs or ABR tests.This may be
due to tinnitus could develop with a minimal peripheral
damage that might not even give rise to any threshold
difference or due to adaptive processes of central auditory
system (despite the same degree of cochlear damage) that
trigger tinnitust*®.

CONCLUSION

That exposure to recreational noise due to excessive
PLDs usage cause elevated EHFA thresholds, decreased
TEOAESs amplitudes and decreased SPIN scores despite
normal conventional PTA thresholds.
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