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ABSTRACT

Objective: Tinnitus is defined as the perception of sound in the absence of an external source. It affects a significant proportion of the adult population and can
have a detrimental psychological influence even in people with normal hearing. The aim of this study was to investigate the possible changes in cochlear function
in the presence of tinnitus despite normal hearing using the Distortion Product Otoacoustic Emission Input/Output function.

Methods: Thirty-two patients aged 18-45 years (26 + 6.45), including 12 patients with chronic subjective tinnitus and 20 patients without tinnitus, with normal hear-
ing were included in the study. After a detailed ENT examination, evaluations including pure tone audiometry, immittancemetric evaluation, tinnitus evaluation,
and distortion product otoacoustic emission input/output tests were performed.

Results: In the chronic subjective tinnitus group, the mean tinnitus intensity was 45.58 + 16.1 dB. When the distortion product otoacoustic emission input/outputt
values of the individuals with chronic subjective tinnitus were compared with those of the control group, significantly reduced amplitude responses were obtained
at all frequencies (500-10 000 Hz) and at all intensity levels (40-70 dB) in the individuals with tinnitus.

Conclusion: In conclusion, the distortion product otoacoustic emission input/outputt test, which is a valuable tool for the assessment of cochlear function and
hearing sensitivity in normal hearing individuals, was shown to be useful in individuals with chronic subjective tinnitus. In our study, we demonstrated the effects
of tinnitus-induced cochlear dysfunction by a decrease in the amplitude of distortion product otoacoustic emission input/output responses at all frequencies tested.
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Introduction

Tinnitus is defined as a sound that is heard in the ear in the absence of any stimulus from a source.’ These sounds can be intense enough to affect
a person’s quality of life and can last for a long time. Although tinnitus is not a symptom of a life-threatening disease, the psychological effects of
the condition can make it difficult for people to function socially.?

Tinnitus is classified into subjective and objective tinnitus. Tinnitus of unknown cause is called subjective tinnitus and is the most common type
of tinnitus (95%). Subjective tinnitus can be caused by otological causes, metabolic disorders, neurological disorders, pharmacological causes, and
psychological disorders. There is no specific treatment for subjective tinnitus.> Objective tinnitus, on the other hand, is defined as tinnitus caused
by a known disease or condition. Objective tinnitus can be caused by vascular abnormalities and hypertension.* However, the majority of cases
are idiopathic. The distinction between acute and chronic tinnitus is classified in the literature according to when the tinnitus first occurs. Acute
tinnitus is defined as tinnitus of less than 6 months duration, while chronic tinnitus is tinnitus of more than 6 months duration.®

The source of mechanical energy in the ear was discovered to be sounds produced in the inner ear, called otoacoustic emissions (OAE). In the
cochlea, low-level stimulus inputs were modulated quite sharply, and a nonlinear growth was detected as the sound level increased. These find-
ings indicate that the cochlea has a nonlinear function. Outer hair cells (OHCs) actively alter cell length in response to changes in membrane
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potential.>” Cochlear amplification is a process in which the OHCs in
the cochlea, the auditory organ of the inner ear, mechanically amplify
vibrations. Outer hair cells have a structure that can elongate and con-
tract in response to depolarization and hyperpolarization currents.®?
This electromotility is considered to be the basis of cochlear amplifi-
cation, and cell length variation is mediated by the motor molecule
prestin.'™? Loss of OHCs results in reduced cochlear sensitivity and
frequency selectivity.

Distortion product otoacoustic emissions (DPOAEs) are objective mea-
sures of cochlear function that can be used to assess hearing func-
tion.” The strength and structure of DPOAEs can provide valuable
information about cochlear function.™ They are widely used in various
clinical applications, including cochlear screening of tinnitus, assess-
ing the effects of ototoxic drugs, and studying the impact of noise on
the cochlea.™ Specifically, DPOAEs at certain input levels were found
to be significantly higher in subjects with tinnitus and normal hear-
ing thresholds compared to those with tinnitus and hearing loss,
indicating a potential link between cochlear function and tinnitus
perception.'® Additionally, differences in DPOAE levels between indi-
viduals with and without tinnitus have been observed, suggesting a
potential association between tinnitus and OHC function."”

Distortion product otoacoustic emissions are known to decrease with
increasing hearing loss in patients without tinnitus.”® In addition,
altered DPOAE results were observed in patients with tinnitus and
normal hearing, suggesting a role for cochlear dysfunction in tinnitus
generation.” Moreover, the association of tinnitus with changes in the
amplitude of DPOAEs has been reported, indicating a potential role
of DPOAE in identifying subtle auditory deficits in tinnitus patients
with normal audiometric thresholds.? In the study by Yenigiin et al,
patients with normal hearing and patients with hearing loss were
assessed with DPOAE in tinnitus. The results showed that DPOAE
responses may be reduced in patients with normal hearing and that
these responses may be more pronounced in low-frequency tinnitus.?'
In the study by Satar et al, cochlear function was analyzed using the
DPOAE test in patients with tinnitus and normal hearing. The results
showed that patients with normal hearing but tinnitus had some
degree of cochlear dysfunction.??

The aim of this study was to investigate the possible changes in
cochlear function in the presence of tinnitus despite normal hear-
ing using the Distortion Product Otoacoustic Emission Input/Output
(DPOAE 1/0) function.

Methods

Participants

A total of 32 individuals aged between 18 and 45 years (26 + 6.45)
were included in the study. The individuals consisted of 12 people
with tinnitus for at least 6 months and normal hearing, and 20 people
with normal hearing without tinnitus. In the study, individuals in the
groups with and without tinnitus were determined according to the
inclusion and exclusion criteria. Individuals in the group with tinnitus
were formed according to the following inclusion criteria: (1) being
between 18 and 45 years of age, (2) having bilateral normal hearing
(0-25 dB HL), (3) having chronic subjective tinnitus (CST) for at least
6 months, (4) having not undergone ear surgery, and (5) having no
ongoing middle ear pathology. Individuals in the group without tin-
nitus were selected according to the following inclusion criteria: (1)
being between 18 and 45 years of age, (2) having bilateral normal
hearing (0-25 dB HL), (3) having no tinnitus, (4) having not undergone
ear surgery, and (5) having no ongoing middle ear pathology. The
study was conducted in accordance with the Declaration of Helsinki
and Good Clinical Practices, and informed consent was obtained

from all individuals. The study was approved by the Trakya University
Faculty of Medicine Clinical Research Ethics Committee (Approval no:
2022/126, Date: April 11, 2022).

Protocol of the Study

Detailed anamnesis and demographic information were obtained
from all individuals enrolled in the study. A detailed physical examina-
tion was conducted by an otolaryngologist. The following assessments
were completed on the same day and in a single session: audiological
evaluation, which included tympanometry, pure tone audiometry, and
DPOAE 1/0 test. Tinnitus evaluation comprised tinnitus frequency (TF)
measurement, tinnitus level measurement, and the Tinnitus Handicap
Inventory (THI).

Audiological Evaluation

Immittancemetry Test

Immitancemetric measurements were performed on Resonance
R36M Middle Ear Analyser (Resonance, Gazzaniga, Italy) using TDH-39
(Telephonics, USA) headphones, and a tympanometry test was per-
formed at 226 Hz prop tone at 75 dB SPL. Tympanograms with a “type
A’peak curve between +100 daPa and —50 daPa pressure range were
considered normal.22* Acoustic reflex (AR) test was manually tested
and recorded ipsilaterally and contralaterally at stimulus frequencies
of 500, 1000, 2000, and 4000 Hz.

Pure Tone/Speech Audiometry Test

Audiometric evaluations were performed according to ANSI standards
in standard soundproof cabinets following audiometric evaluation
procedures. All pure tone air-conducted audiometric evaluations
were performed on an Interacoustics AC-40 clinical audiometer
(Interacoustics, Denmark) with a range of 0.25-8 kHz using Telephonic
TDH-39 (Telephonics, USA) headphones, and bone conduction evalu-
ations were performed with a Radioear B-71 (Radioear, USA) bone
conduction vibrator with a frequency range of 0.5-4 kHz. Following
the pure tone audiometric evaluation, speech discrimination scores
(SDSs) were evaluated as a percentage (%) with speech stimuli in all
individuals.? Participants with bilateral hearing in the range of 0-25
dB HL with “type A’ normal tympanogram were considered to have
normal hearing.?

Distortion Product Otoacoustic Emission Input/Output (DPOAE 1/0)
Test

Distortion Product Otoacoustic Emission tests were recorded in a quiet
cabinet with an Eclipse EP25 Clinical ABR-OAE device (Interacoustics,
Denmark). The stimulus consisted of 2 pure tones (f1 and 2; 2/
f1=1.22) presented with L1 and L2 set to 60 and 50 dB SPL, respec-
tively. Distortion Product Otoacoustic Emission Input/Output testing
was performed in 2 stages. Individuals with a low TF (<4 kHz) under-
went DPOAE 1/0 testing at 0.5, 1, 2, and 3 kHz, while individuals with
high TF (>4 kHz) underwent DPOAE I/0 testing at 4, 6, 8, and 10 kHz.

The responses of DPOAEs were considered “passed” if:

 The signal-to-noise ratio (SNR) was equal to or greater than 6 dB SPL
for all f2 frequencies.
 Reliability was over 98%.

Tinnitus Evaluation

Measurement of Tinnitus Frequency

In individuals with unilateral tinnitus, the tinnitus TF was measured in
the contralateral ear. In patients with bilateral tinnitus, the evaluation
was performed in the ear with less tinnitus intensity; if the tinnitus
intensity was the same in both ears, the evaluation was performed
in the ear with less hearing loss. If the person’s pure-tone hearing



thresholds and tinnitus intensity were the same in both ears, one of
the ears was randomly selected and evaluated.

Measurement of Tinnitus Intensity

In patients with unilateral tinnitus, the severity of tinnitus was deter-
mined from the contralateral ear. In individuals with bilateral tinnitus
complaints, the evaluation was performed in the ear with less tinnitus
severity; if the tinnitus was bilateral and of the same severity, the eval-
uation was performed in the ear with less hearing loss. If the person’s
hearing thresholds and tinnitus severity were the same bilaterally, one
of the ears was randomly selected and evaluated. The procedure was
terminated when the intensity of the tinnitus was equal to the inten-
sity of the stimulus.

Tinnitus Handicap Inventory

Tinnitus Handicap Inventory (THI) is a questionnaire developed in 1996
by Newman et al.?’ A Turkish validity and reliability study was con-
ducted in 2007 by Aksoy et al.?® The questionnaire consists of 25 ques-
tions and is scored between 0 and 100. Tinnitus Handicap Inventory is
a questionnaire form that demonstrates high reliability in test repeti-
tions, remains unaffected by gender, age, and hearing thresholds, and
produces more psychometrically significant results.

Statistical Analysis

The power analysis for the individuals planned to be included in the
study was determined using G*Power version 3.1.9.7 software. In a
study conducted in the literature with a similar population and meth-
odology, 10 individuals for each group were included in the study.® In
our study, according to 95% confidence (1 — «), 95% test power (1 — f),
and an effect size of d = 0.5 for a one-tailed correlation coefficient, the
number of samples to be taken was determined as at least 12 individu-
als for each group and 24 individuals in total.

Data were analyzed using the Statistical Package for Social Sciences ver-
sion 22.0 software (IBM Corp.; Armonk, NY, USA). Values with a P-value
below .05 were considered statistically significant. Mean and standard
deviation were used for numerical data, and frequency values were
used for categorical variables. Kolmogorov—Smirnov test was used to
evaluate the conformity to normal distribution. Mann—Whitney U test
was used to examine differences between groups, while the Wilcoxon
signed-rank test was used for intra-group comparisons.

Results

A total of 32 adults, 20 female and 12 male, aged 18-45 years, were
included in the study. The mean age of individuals was 31.2 + 8.4
years in the CST group and 23.3 + 1 years in the control group. The
study group consisted of 12 individuals with tinnitus (17 ears) and 20
individuals without tinnitus (40 ears). Among the individuals with CST,
bilateral tinnitus was observed in 5 individuals, while unilateral tin-
nitus was observed in 7 individuals (4 in the right ear and 3 in the left
ear).

Pure-Tone Hearing Evaluation and Immittancemetric Analysis
Results

All individuals were evaluated with pure-tone audiometry and immit-
tance measurements. The results of the pure-tone audiometry tests
are shown in Table 1. Tympanometry results for all individuals were
obtained as bilateral type A. The results of the group comparison anal-
ysis of the results of the AR test evaluation are presented in Table 2.

Tinnitus Evaluation Results

As a result of the tinnitus intensity matching test, the mean tinnitus
intensity value of individuals with CST was found to be 45.58 + 16.1 dB.
In the group of individuals with CST, as a result of tinnitus frequency

Tas et al. Tinnitus and Cochlear Dysfunction

Table 1. Pure-Tone/Speech Audiometry Results

CST (n:17) Control (n:40) P value
AC-PTA (dB) 817 +44 9.62 +4.4
BC-PTA(dB) 311+£35 272+ 2.1
SRT (dB) 794+ 3 8.75+4
SDS (%) 88.47 +7 923+33

AC, air conduction; BC, bone conduction; CST, chronic subjective tinnitus;
PTA, pure tone average; SRT, speech reception threshold; SDS, speech

discrimination score.

Table 2. Comparison Results of Acoustic Reflex Responses Between Groups

CST (n:17)  Control (n:40) P
ipsilateral (dB) 500 Hz 93.82 + 4.1 95.5 + 3.35 114
1000 Hz 92.64 + 6.4 95.25+39 105
2000 Hz 9235+43 94.87 + 4.1 .063
4000 Hz 94.7 + 6.4 955+ 4 .882
Contralateral (dB) 500 Hz 96.76 + 4.6 96.25 + 4 517
1000 Hz 97.64 +3.5 96.5+ 3.7 .,26
2000 Hz 96.47 + 4.5 9525 +4 23
4000 Hz 975+ 23 95.5+ 3.8 ay
CST, chronic subjective tinnitus.

*P < .05.

matching, 10 ears with tinnitus frequencies of 4000 Hz and below were
included, while 7 ears with tinnitus frequencies above 4000 Hz were
included in the study. When the THI scores were analyzed, a mean
score of 55 + 20.5 was obtained.

Distortion Product Otoacoustic Emission Input/Output Test Results
Individuals with CST were separated according to TF, and DPOAE 1/0
evaluations were completed. Individuals with TF < 4000 Hz (7 ears)
were evaluated at stimulus frequencies of 500, 1000, 2000, and 3000
Hz, while individuals with TF > 4000 Hz (10 ears) were evaluated at
frequencies of 4000, 6000, 8000, and 10000 Hz at stimulus intensities
of 40, 50, 60, and 70 dB.

When the DPOAE 1/0 values of the individuals with CST were com-
pared with those of the control group, the amplitude responses
of the individuals with CST were lower than those of the control
group at all intensity levels (40, 50, 60, and 70 dB) at 500, 1000,
4000, 6000, and 8000 Hz, and the difference was statistically sig-
nificant. At 10000 Hz, the amplitude responses of individuals with
CST were lower than those of the control group only at 40 and 50
dB stimulus intensity levels, and the difference was statistically sig-
nificant. At 2000 and 3000 Hz, there was no statistically significant
difference between the groups at any stimulus level. The results of
the statistical significance of the difference between the CST group
and the normal group in the DPOAE 1/0 evaluation are presented
in Tables 3 and 4.

Discussion

The main finding of this study showed that the presence of tinnitus
at all frequencies except 2000 and 3000 Hz decreased DPOAE 1/0
responses and led to cochlear dysfunction. In addition, the reduction
in DPOAE 1/0 responses in the presence of normal hearing suggests
that the presence of CST may have a negative effect on the linear func-
tion of the cochlea.

When the AR thresholds of normal hearing individuals were evalu-
ated, AR thresholds were observed in the range of 70-100 dB SPL.3**'
In another study, AR thresholds were obtained at an average level of
80-90 dB SPL in normal individuals.** In our study, when analyzing the
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Table 3. Distortion Product Otoacoustic Emission Input/Output Amplitude Comparisons of Individuals with Tinnitus Frequency <4000 Hz

500 Hz 1000 Hz 2000 Hz 3000 Hz
Mean + SD P Mean + SD P Mean + SD P Mean + SD P

40dB  CST 247 +£5.13 .00% 8.95+ 7.83 .005% 15.89 +9.61 .077 15.46 +5.92 146
Control 9.49 + 1.1 16.02 +3.91 16.72 +4.79 18.05 + 4.58

50dB  CST 21+63 .00* 10 + 7.08. .001* 16.55 + 6.28 619 15.38 +7.74 .884
Control 10.33 +1.52 17.63 +4.43 18.08 + 4.55 17.73 £ 4.71

60dB  CST 1.99 + 5.66 .00* 11.8 +£10.1 .017* 16.7 £9.06 .56 1544 +7.79 .085
Control 11.74 + 2.29 17.69 + 4.24 16.72 +5.24 16.34 + 4.84

70dB  CST 2.67 +£6.1 .00% 13.09 +6.78 .039% 17.98 + 13.37 104 16.9 + 4.02 .075
Control 13.07 + 2.64 17.43 +4.58 17+5.04 17.04 + 4.69

CST, chronic subjective tinnitus; SD, standard deviation.

*P <.05.

Table 4. Distortion Product Otoacoustic Emission Input/Output Amplitude Comparisons of Individuals with Tinnitus Frequency >4000 Hz

4000 Hz 6000 Hz 8000 Hz 10000 Hz
Mean + SD P Mean + SD P Mean + SD P Mean + SD P

40dB  CST 521 +4.61 .00* 1.5+ 10.34 .00* 0.4 +3.47 .00% 6.41 +7.05 .001*
Control 17.94 +4.7 15.67 +5.1 15.38 +4.82 17.38 +4.78

50dB  CST 5.38 + 6.04 .00* 4.54 +3.97 .00% 4.38 +8.49 .001* 10.78 + 3.59 .007*
Control 1712 +£5.27 16.68 + 4.37 16.26 + 5.18 16.04 + 4.08

60dB  CST 751 +45 .00* 5.5+ 6.87 .001* 6.41+7.98 .001* 1417 £ 3.16 72
Control 17.07 +4.3 15.98 +4.09 17.73 +4.73 16.63 +4.36

70dB  CST 10.77 + 8.8 .00% 8.85 +9.81 .001* 8.4 +6.32 .00% 16.54 + 4.65 .851
Control 17.71 + 3.96 17.89 +4.93 18.04 + 4.08 18.63 + 4.56

CST, chronic subjective tinnitus; SD, standard deviation.

*P <.05.

ipsilateral and contralateral AR thresholds in the normal group, we
obtained mean AR responses at mean levels of 90-100 dB SPL. When
we analyzed the AR results of individuals with normal hearing and tin-
nitus, it was shown that the presence of tinnitus had no effect on the
mean AR thresholds, both ipsilateral and contralateral, in individuals
with normal hearing. Our results are consistent with the literature and
support previous studies. We think the reason for this is the low sever-
ity of tinnitus in the people included in the study.

Several studies have investigated the effect of tinnitus on SDS in indi-
viduals with hearing loss and normal hearing. The frequency of CST
that individuals have may influence SDS to decrease with hearing
loss.>* When we looked at the comparison of the SDS of the groups in
our study, it was observed that SDS decreased in individuals with CST
despite normal hearing, and our findings were in agreement with the
literature. Decreased SDS is one of the symptoms that can negatively
affect us in many environments in our daily life.

Studies support the finding that tinnitus-induced cochlear dysfunction
can lead to a decrease in the amplitude of DPOAE 1/0 responses at all
frequencies tested. Gehr et al and Shiomi et al both observed a reduc-
tion in DPOAE amplitude in tinnitus patients, with Gehr et al specifi-
cally linking this to cochlear impairment.>**> Paglialonga et al*® further
confirmed this finding, noting abnormal DPOAEs in tinnitus subjects
with normal hearing sensitivity, suggesting a role for outer hair cell
dysfunction. Job et al*’ provided additional evidence, identifying lower
DPOAEs in normal hearing subjects exposed to noise and susceptible
to tinnitus, indicating a potential marker of susceptibility to tinnitus.
The relationship between tinnitus and DPOAEs has been investigated
in the literature. Ozimek et al found that tinnitus patients had lower
DPOAE amplitude levels compared to normal hearing controls.'
Similarly, Ami et al*® reported decreases in DPOAE responses in both
normal hearing and tinnitus patients with hearing loss. Shekhawat
et al*® showed that tinnitus is associated with hearing loss and DPOAEs

can be used to estimate hearing sensitivity. In the findings of our study,
it was observed that there was a decrease in responses and significant
differences at many frequencies analyzed in the comparison of DPOAE
I/0 results with normal individuals. Distortion product otoacoustic
emission input/output responses provided us with findings to differ-
entiate conditions such as impaired/started deterioration of the linear
function of the cochlea.

Limitations of the Study

Our study has a limitation. High-frequency audiometry evaluation of
the individuals included in the study was not performed. The reason
for this is that the individuals were from the young population and the
tinnitus frequency values were 8 kHz and below.

Conclusion

In conclusion, the DPOAE 1/0 test, which is a valuable tool for evaluat-
ing cochlear function and hearing sensitivity in individuals with nor-
mal hearing, has been shown to be useful in individuals with CST. As a
result, we demonstrated the effects of tinnitus-induced cochlear dys-
function with a decrease in the amplitude of DPOAE 1/0 responses at
all frequencies tested. Our study predicts that the DPOAE 1/0 test will
be a valuable tool for investigating the effects of tinnitus in clinics in
the future.
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