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ABSTRACT

Objective: The aim of this study is to examine whether the overreaction of children diagnosed with autism according to Diagnostic and
Statistical Manual of Mental Disorders to auditory stimuli is related to the sensory mechanism in the cochlea.

Methods: Twenty healthy children with normal hearing and 20 children with autism aged 6-17 years participated in our study. Right and left ears
of both healthy and autistic children were evaluated separately. Signal-to-noise ratios and amplitude values (A) were measured at 1000, 1500,

2000, 3000, 4000, and 6000 Hz.

Results: In the distortion product otoacoustic emission test, signal-to-noise ratios at 3000, 4000, and 6000 Hz and amplitude values at
4000 and 6000 Hz were higher than the control group of individuals with autism (P < .05).

Conclusion: The results of the study suggest that children with autism may have hyperacusis originating from the inner ear. However, it has
been stated in the literature that central auditory pathways and medial olivocochlear system discrepancies may also cause hyperacusis. Studies
evaluating both the entire auditory system and the limbic system are needed.

Keywords: Autism spectrum disorder (ASD), hearing, hyperacusis, otoacoustic emission, signal-to-noise ratio

Introduction

Autism spectrum disorder (ASD) is a neurodevelopmental
disorder that typically persists throughout an individual's life,
characterized by intellectual disability, attention deficits, gas-
trointestinal problems, and immune dysregulation."?® It has
been reported that ASD is seen in 1 child out of every 54 chil-
dren in the United States.* According to the Diagnostic and
Statistical Manual of Mental Disorders (DSM-5), ASD is charac-
terized by 2 basic symptoms. These are limited and/or repeti-
tive behavioral patterns, interests/activities, and persistent
deficiencies in social communication and interaction.® In par-
ticular, they give unusual responses to taste, smell, visual, audi-
tory, and tactile superficial sensory inputs.® In addition, motor
coordination abnormalities” and functionally poor motor per-
formance are observed in individuals with ASD.2 The ability to
maintain proper motor function and body posture is extremely
important for participation in physical activities. Postural con-
trol can be difficult for young children, as it depends on the
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maturation of related structures (e.g., the sensory system) as
well as motor experiences.® Previous studies generally agreed
that the development of structures responsible for postural
control was completed by the age of 7.2 After the age of 7,
children still gain motor experiences and develop postural
control strategies.'® Problems with the postural and vestibular
systems of children with ASD suggest problems with the inner
ear. In addition, the pathophysiology of ASD is not yet clearly
understood. However, studies have shown that ASD is not just
a brain disease. In addition, it has been stated that there are
also problems in the peripheral nervous system, immune sys-
tem, and metabolic system, that is, there may be systematic
problems.""-13

It is known that individuals with ASD usually give unpredict-
able and excessive reactions to incoming auditory stimuli.'#1
Other people are often unaware of these sounds to which indi-
viduals with ASD are reactive. But this situation is different for
individuals with ASD. For example, individuals with ASD who
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perceive the presence of a sound that disturbs them in their
own way; he shows sensitivity with his reactions such as cov-
ering his ears, being terrified, crying, and displaying aggressive
behavior.’®'7 The fact that children with autism are disturbed
by sounds supports our hypothesis that inner ear functions
may be affected. This situation suggests the existence of
any problem related to the hearing system of individuals with
ASD. Objective and subjective tests are used when evaluating
the hearing system. Tests that require the active participa-
tion of the patient are defined subjectively, and tests that do
not require the active participation of the patient are defined
objectively. Since individuals with ASD (there is no problem
here)and those who are mentally handicapped cannot partici-
pate actively in hearing tests, evaluations are made with objec-
tive tests. In this way, more accurate and reliable results can be
obtained.'®

Otoacoustic emissions are one of the easiest-to-use objective
measurements in audiology. The most commonly used types
of otoacoustic emissions in clinics are transient-evoked
otoacoustic emissions (TEOAE) and distortion product
otoacoustic emissions (DPOAE). Otoacoustic emissions
provide fast and reliable results in the evaluation of the
activation of the outer hair cells of the cochlea, especially
in the organ of Corti."® Since the OAE test is noninvasive, it
does not require active participation in the test, is easy to
interpret, and has a very important place in the evaluation of
the hearing system in newborns and individuals with ASD (or
another developmental disorder) who have difficulty adapting
to conventional tests.?° In this study, DPOAE was used to
examine the sensitivity of individuals with ASD to sound. In
order to obtain DPOAEs, sound is sent to the inner ear through
a probe of different frequency (f1 and f2) and intensity (L1
and L2). The f2/f1 ratio of this generated sound is set to
1.22, L1>L2. The intensity level of L1 is 65 dBSPL, while the
intensity level of L2 is 55 dBSPL.2' The aim of this study is to
evaluate the inner ear functions of children with ASD and to
reveal whether there is any effect.

Methods

This research was carried out in Audiology Laboratory with the
permission dated April, 22, 2021 of istanbul Gelisim University
Audiology Department Laboratories Coordinatorship. The
study was started after the approval of the Local Ethics
Committee (July 7, 2021, date, and 2021/24 number).

Twenty children who were diagnosed with autism spectrum
disorder (ASD) and received training at the Special Education
and Rehabilitation Centers in Istanbul/Avcilar district and met
the criteria for participation in the study were included in the

Main Points

Sensitivity or insensitivity to sound in individuals with autism
may be related to inner ear functions.

Irregularity in the otoacoustic emissions of individuals with
autism may reflect hypersensitivity to sounds.

Otoacoustic emission can be used to monitor functions
related to the sense of hearing of individuals with autism.
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"autism group.” Twenty healthy children who met the criteria
for the control group were included in the study as the “control
group,” and after one-to-one age and gender matching they
were included in the study. Informed consent was obtained
from the families of each participant between the ages of 6
and 17, who were not yet underage, before the measurements.

Individuals between the ages of 6 and 17 who were diagnosed
with ASD according to DSM-5 criteria, whose both external
ear canals were normal and eardrums intact, and who had
bilateral type A (normal middle ear pressure) tympanograms
in 226 Hz tympanometric examination were included in this
study. Those with chronic systemic disease or a history of
ototoxic drug use, those who scored 15-29 on the childhood
autism rating scale (CARS) (=no autism), those with bilateral
normal external auditory canal and intact tympanic membrane,
type A (normal middle ear pressure) tympanograms in 226 Hz
tympanometric examination, hearing threshold levels 15 dB
or better at all frequencies between 125 and 8000 Hz in pure
tone hearing test, and those with known otological or those
without neurootological disease were included in the control

group.

Audiological evaluations were made using Echoport brand
ILO288—II model clinical otoacoustic emission, Interacoustics
brand AT235h clinical tympanometer, and Interacoustics
brand AC40h clinical audiometer device. Pure tone audiom-
etry (PTA) measurements were made using Interacoustics
brand AC40h model clinical audiometer device and Radioear
HB3045 Telephonics headphones in soundproofed rooms
(silent cabin, Industrial Acoustic Company Inc., New York,
USA). Hearing thresholds between 250 and 8000 Hz for both
ears were determined by the standard limit method.

Tympanometric measurements were made with an
Interacoustics AT235 clinical tympanometer using a Radioear
3045 speaker and a 226 Hz probe tone.

Otoacoustic emission measurements were made with the
Echoport brand ILO288-Il device by selecting the appropriate
probe for all participants after determining the pure tone
hearing thresholds and tympanometric examinations. The
right and left ears of each participant in the study were
tested separately. The presence of emissions in the study
was obtained using the DPOAE measurement method. While
applying the DPOAE measurement method, 65 dB SPL and 55
dB SPL were selected as f1 and f2 values, respectively, and the
ratio was set as f2/f1=1.22. The base target frequency range is
1000, 1500, 2000, 3000, 4000, and 6000 Hz, and the signal-
to-noise ratio (SNR) and amplitude values at these frequencies
were calculated separately in both groups.

Our Informed Voluntary Consent Forms consisting of a total
of 20 questions were obtained by the families (parents) of our
working and control group individuals aged 6-17 years, who are
not yet legal, and they were asked to be filled by their fam-
ily members on behalf of the individuals who could not fill out
the individual questionnaire. Our preparation questions for our
study were applied to 40 individuals, 20 in the study group and
20 in the control group. The purpose of applying our question-
naire to individuals and how it should be filled in were explained
to the families in detail, and all the questions directed to us by
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the families participating in our questionnaire were answered
in detail. In the content of our survey questions, there are 20
questions based on measuring the reactions and tolerance of
the 6-17-year-old individuals participating in our study to the
sounds that they may encounter frequently and in general in
their daily lives.

Statistical Analysis

IBM Statistical Package for the Social Sciences 25.0 (IBM
SPSS Corp.; Armonk, NY, USA) package program was used for
data analysis, and a crosstab was created for general features.
Shapiro-Wilk test was used to determine the conformity of
the survey questions, signal/noise ratios, and amplitude values
to the normal distribution used in the study (since the sample
size is less than 50). It was determined that the survey ques-
tions did not show a normal distribution, and the signal/noise
ratios and amplitude values showed a normal distribution. The
independent sample t test was used to compare the normally
distributed variables with the control and autism groups, and
the Mann-Whitney U-test was used to compare the non-nor-
mally distributed variables with the control and autism groups,
and the confidence interval was 95% and the significance
value was 5%.

Results

In this study, a total of 80 ears were evaluated, 40 ears of 20
children in the autism group and 40 ears of 20 children in the
control group. Participants were selected to be age and gender
matched.

Statistically significant results among the groups obtained
from the questionnaire questions of the children participating
in the study are shown in Table 1.
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Comparisons of the DPOAE signal/noise ratios of the children
participating in the study according to the groups are shown
in Table 2.

A statistically significant difference was found between the
left ear SNR/1 kHz, SNR/3 kHz, SNR/4 kHz, and SNR/6 kHz
signal ratios according to the participant children’s groups (P
<.05). It is seen that the SNR/1 kHz signals of the children in
the control group were higher than the children in the autism
group. It is seen that the SNR/3 kHz, SNR/4 kHz, and SNR/6
signals of the children in the autism group are higher than the
children in the control group.

There was a statistically significant difference between the
right ear SNR/1 kHz, SNR/4 kHz, and SNR/6 kHz signal ratios
according to the groups of the participant children (P < .05).
It is seen that the SNR/1 kHz signals of the children in the
control group were higher than the children in the autism
group, and the SNR/4 kHz and SNR/6 kHz signals of the
children in the autism group were higher than the children in
the control group. In the comparison of the left ear, while the
control group was higher at SNR/1 kHz, similar to the right ear,
the autism group was higher at SNR/3 kHz, SNR/4 kHz, and
SNR/6 kHz.

However, there was no statistically significant difference
between the right and left ear SNR/1.5 kHz and SNR/2 kHz
signal ratios according to the groups of children (P > .05).

Comparisons of the amplitude values of the children par-
ticipating in the study according to the groups are shown in
Table 3.

There is a statistically significant difference between the val-
ues of A/1 kHz, A/4 kHz, and A/6 kHz in both the right and left

Table 1. Comparison of the Survey Questions According to the Groups Added below all tables.

Group Mean Test Statistics P

He tends to hit the person who makes a sound he does not like— Control group 1.55 90.5 P<.05

makes him feel uneasy. Autism Group 3

He prefers to play alone instead of being in a group game Control group 1.7 70.5 P<.05

environment. Autism group 3.7

Microphonic sounds make him nervous. Control group 215 59 pP<.05
Autism group 3.7

He becomes restless and afraid of movie theaters and concert Control group 1.95 32 P<.05

venues. Autism group 4.5

If he is disturbed by sounds, he closes his ear. Control group 2.4 1225 P<.05
Autism group 35

He gets annoyed when the phone rings. Control group 1.8 112 P<.05
Autism group 2.95

Motorcycle noise causes him to cover his ears. Control group 1.8 53 P <.05
Autism group 3.3

Excessive panic at the sound of vacuum cleaner. Control group 1.6 113.5 pP<.05
Autism group 29

Statistically significant level P < 0.05.
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Table 2. Comparison of DPOAE Signal/Noise Ratios by Groups

Left Ear Right Ear

Signal Rates Group Mean t P Mean t P

SNR/1 kHz Control group 12.50 4.607 P<.05 14.85 5.692 P<.05
Autism group 4.66 3.36

SNR/1.5 kHz Control group 11.25 -0.584 563 156.15 1.983 .055
Autism group 12.35 11.05

SNR/2 kHz Control group 11.50 -1.107 275 14.75 1.457 153
Autism group 14.24 12.03

SNR/3 kHz Control group 11.90 -2.209 P <.05 14.10 -1.043 P<.05
Autism group 16.70 16.52

SNR/4 kHz Control group 9.60 -7.444 P <.05 10.50 -3.696 P<.05
Autism group 21.47 19.39

SNR/6 kHz Control group 6.65 -5.859 P <.05 8.65 -4.885 P<.05
Autism group 20.64 19.04

DPOAE, distortion product otoacoustic emission; SNR, signal-to-noise ratio. Statistically significant level P < 0.05.

ears according to the groups of the participating children (P
< .05). For both ears, it is seen that the A/1 kHz values of the
children in the control group are higher than the children in the
autism group, and the A/4 kHz and A/6 kHz values of the chil-
dren in the autism group are higher than the children in the
control group. Again, there was no statistically significant dif-
ference in amplitude values of A/1.5 kHz, A/2 kHz and A/3 kHz
in both ears of the participant children (P > .05).

There was a statistically significant difference between the
left ear SNR/1.5 kHz signal ratios according to the groups of
the participating children (P < .05). According to the results of
the multiple comparison test performed to determine which
group the difference originates from, the left ear SNR/1.5 kHz
signal ratios of the children aged 6-9 years are lower than the
children in the other age groups.

The comparison of the amplitude values of the children
participating in the study according to their ages is shown in
Table 4.

There was no statistically significant difference between the
amplitude values of the left/right ear according to the age of
the participant children (P > .05).

Comparisons of the signal/noise ratios of the children par-
ticipating in the study according to the groups are shown in
Table 5.

There is a statistically significant difference between the ear
SNR/1 kHz, SNR/3 kHz, SNR/4 kHz and SNR/6 kHz signal
ratios according to the groups of the participating children (P
<.05). It is seen that the SNR/1 kHz signals of the children in
the control group were higher than the children in the autism

Table 3. Comparison of Amplitude Values According to Groups

Left Ear Right Ear

Signal Rates Group Mean t P Mean t P

M1 kHz Control group 12.30 3.043 P <.05 13.50 4.831 pP<.05
Autism group 5.96 4.86

M1.5 kHz Control group 8.90 -1.009 .319 13.60 1.321 0.194
Autism group 10.61 11.32

M2 kHz Control group 10.30 -0.480 .634 12.40 0.347 .730
Autism group 11.10 11.86

A3 kHz Control group 7.25 -0.385 .702 8.50 -0.275 .705
Autism group 7.82 8.89

M4 kHz Control group 5.30 -4.010 P <.05 5.40 -3.787 P <.05
Autism group 11.36 9.99

A6 kHz Control group 2.90 -4.336 P <.05 3.85 -4.597 P <.05
Autism group 8.97 9.29

Statistically significant level P < 0.05.
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Table 4. Comparison of Signal/Noise Ratios by Age

signal Left Ear Right Ear
Rates Age Mean F P Mean F P
SNRA  6-9 411 0495 618 207 0656 531
kHz 10-13  3.56 3.86

14-17  6.40 4.86
SNR/.5  6-9 844 4350 P<.05 874 0947 .407
kHz 10-13  15.82 12.26

14-17  15.31 1350
SNR/2  6-9 1264 0862 440 1191 0009 .991
kHz 10-13  18.84 11.86

14-17  12.81 12.36
SNR/3  6-9 2041 2455 116 1610 0.495 618
kHz 10-13  14.20 19.70

14-17 1323 1450
SNR/4  6-9 2136 0198 822 1906 0.300 .745
kHz 10-13 2054 21.94

14-17  22.40 17.75
SNR/6  6-9 2362 1419 269 2000 0.168 .846
kHz 10-13  14.56 18.94

14-17 2123 17.70

SNR, signal-to-noise ratio. Statistically significant level P < 0.05

group. It is seen that the SNR/3 kHz, SNR/4 kHz, and SNR/6
signals of the children in the autism group are higher than the
children in the control group.

Comeparisons of the amplitude values of the children par-
ticipating in the study according to the groups are shown in
Table 6.

Table 5. SNR Comparison of All Ears of the Control Group
and the Autistic Group

Signal

Rates Group n Mean T P

SNR/1 kHz  Control Group 40 13.67 7.318 P<.05
Autism Group 40  4.01

SNR/1.5 Control Group 40 13.20 1.057 294

kHz Autism Group 40 11.70

SNR/2 kHz Control Group 40 1312 -0.010 .992
Autism Group 40 13.14

SNR/3kHz Control Group 40 13.00 -2.287 P<.05
Autism Group 40 16.61

SNR/4 kHz Control Group 40 10.05 -7230 P<.05
Autism Group 40 20.43

SNR/6 kHz Control Group 40 7.65 -7.660 P<.05
Autism Group 40 19.4

SNR, signal-to-noise ratio. Statistically significant level P < 0.05

Table 6. Comparison of Amplitude of All Ears of the Control
Group and the Autistic Group

Amplitude

Values Group n Mean T P

M1 kHz Control Group 40 1290 5501 P<.05
Autism Group 40  5.41

M1.5kHz  Control Group 40 1125 0.226 .822
Autism Group 40 10.96

A2 kHz Control Group 40 11.35 -0.119 .906
Autism Group 40 11.48

A3 kHz Control Group 40 7.87 -0.471 639
Autism Group 40  8.36

M4 kHz Control Group 40 535 -5533 P<.05
Autism Group 40 10.67

A/6 kHz Control Group 40 337 -6.337 P<.05
Autism Group 40 913

Statistically significant level P < 0.05.

There is a statistically significant difference between the ear
values of A/1 kHz, A/4 kHz, and A/6 kHz according to the groups
of the participating children (P <.05). It is seen that the A/1 kHz
values of the children in the control group are higher than the
children in the autism group. It is seen that the A/4 kHz and A/6
kHz values of the children in the autism group are higher than
the children in the control group.

Discussion

Autism spectrum disorder is a neurodevelopmental
disorder that affects sensory, behavioral, language, and
social communication areas. Children with autism are
sensory hypersensitive, including hyperacusis.??> Within the
sensory field, abnormally low sound tolerance or auditory
hypersensitivity (hyperacusis) affects at least 40% of children
with autism.??

Hyperacusis may occur behaviorally in children with ASD,
with moderate responses to loud sounds, such as covering
the ears, crying, or running away. These behaviors may impair
the academic and social functioning of individuals with ASD.?
Although hyperacusis itself can lead to severe maladjustment
in children, other aspects of ASD, such as poor emotional and
social regulation, may exacerbate these behaviors.?® Therefore,
it is very important to understand the impact of hyperacusis on
the daily life of a child with autism.

Wilson et al (2017)%% evaluated hyperacusis in children with
autism and typical development. Seventeen children with
autism and 13 typically developing children participated in this
study. A wide range of hyperacusis scores (0-8) were obtained
in children with autism, while lower scores (0-2) were observed
in children with typical development. In this study, it was
reported that children of children with autism were startled in
response to loud sounds (10 of 17 children with autism), while
children with typical development showed less reaction (2 of
13 children).
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These findings suggest any sensitivity in the inner ears of
individuals with autism. Therefore, in our study, we evaluated
the sound discomfort of children with autism with a
questionnaire consisting of 20 questions, and the inner ear
functions objectively with DPOAE.

As a result of the comparison of the answers from the 8
questions in the questionnaire, we found a statistically
significant difference between the groups, and the answers
from these questions suggest that children with ASD are
disturbed by sound and their inner ear functions may be
affected. Forexample, the answers obtained from the questions
such as “He tends to hit the person who makes a sound he
doesn't like or makes him/her feel uncomfortable,” “Prefers to
play alone instead of being in a group play environment,” and
“He closes his ears if he is disturbed by the sounds” show that
the children are disturbed by the sound.

Distortion product otoacoustic emission test results of children
with autism were found to have SNR lower at low frequencies
and higher at high frequencies, both in the comparison of all
ears and in comparison of the right and left ears (according to
the control group). Higher signal-to-noise ratios in individuals
with autism, especially at 3000 Hz, 4000 Hz, and 6000 Hz,
suggested inner ear sensitivity. Similarly, high values were
obtained in 4000 Hz and 6000 Hz DPOAE amplitude values
of children with autism. The fact that both signal-to-noise
ratios and amplitude values are high in children with autism in
the high-frequency region can explain their discomfort with
sounds.

Contrary to the findings we obtained in our study, Danesh and
Kaf (2012) evaluated the inner ear functions of 14 children
with autism and 28 typically developing children with DPOAE
in their study. The ages of the participants ranged from 6 to
14, with an average age of 8.9 years. In DPOAE, the frequency
determination was adjusted as 2f1-f2 and 1359 Hz, 1696 Hz,
2672 Hz, and 4031 Hz were examined, and the signal-to-
noise ratios (SNR) of the group with typical development at
all frequencies were obtained higher than the autism group.
The mean SNRs of the DPOAE measurements of the typically
developing group were 24.3 dB, 24.9 dB, 26.1 dB, and 30.4
dB, respectively. The mean SNR of DPOAE measurements of
the autistic group was 19.3 dB, 20.5 dB, 23.6 dB, and 26.2 dB,
respectively. This study shows that children with autism have
significantly weaker responses in DPOAE responses compared
to the control group. For this reason, it has been stated that the
"hypersensitivity” of children with autism to sounds cannot be
attributed to the function of overactive outer hair cells.?’

Since ASD is a neurodevelopmental disorder, it may not be
correct to attribute hypersensitivity to sounds only to low
or high otoacoustic emission values in the inner ear. Other
fundamental phenomena, such as the efferent auditory
system, which may play important roles in the increased sound
sensitivity exhibited by children with autism, should also be
considered. Again, in the same study, it was concluded that the
contralateral suppression effect in young children with autism
did not work well and was more variable than the control
group. It has been stated that the hypersensitivity of children
with autism to loud sounds may not be caused by overactive
outer hair cells, but mostly by the combined effect of cochlear
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dysfunction and dysfunction of the medial olivocochlear
system.?’

In the study by Stone et al (2017), 38 children with autism
(11 girls, 27 boys; mean age: 3 years 3 + 6 months) and 27
children with typical development (9 girls, 18 boys; mean age:
3 years 6 + 9 months) were evaluated with DPOAE and ABR.
The findings of this study are consistent with the findings
obtained in our study. At all frequencies, both TEOAE and
DPOAE results were obtained higher than the otoacoustic
emission values of children with typical development. It was
stated that the high otoacoustic emission values obtained at
the end of the study were normal for this age group and no
conclusion could be drawn from these findings.?® Obtaining
high otoacoustic emission findings in our study suggested that
cochlear functions may be hypersensitive in advancing ages (6
years and older).

In addition, 6-9, 10-13, and 14-17 age groups were formed
in our study and both SNR and amplitude values were com-
pared between the groups. While there was no statistically sig-
nificant difference between the amplitude values as a result
of the comparison, a statistically significant difference was
observed between the groups in the left ear at 1.5 kHz only in
the SNR comparison. The average of the 6-9 age group was
7.82 dB, the average of the 10-13 age group was 13.46 dB, and
the average of the 14-17 age group was 12.41 dB. According
to these results (if 1.5 kHz is excluded from the left ear), it
can be said that there is no significant change in otoacoustic
emission amplitude values with age. Stone et al (2017) found
that the high otoacoustic emission values of young children (3
years and 3 months) were attributed to their younger age. In
our study, we showed that there was no change in otoacoustic
emission values with age. In studies conducted with children
with autism whose mean age is between 5 years 7 months and
10 years 6 months, it has been reported that otoacoustic emis-
sion values are low (29-31).

Khalfa et al (2001)%2 found smaller TEOAE amplitudes in
children with autism after the age of 10 than in control subjects
in a study on the TEOAE responses of children aged 4-10 years
and 11-18 years old with and without autism. In our study,
otoacoustic emission values of children aged 6-9 years were
lower than those of children over 10 years of age. Our results
were contradicted by Khalfa et al (2001). We can change this
paragraph as follows.

Khalfa et al. (2001) found smaller TEOAE amplitudes in chil-
dren with autism after the age of 10 than in control subjects in
a study on the TEOAE responses of children aged 4-10 years
and 11-18 years old with and without autism (32). Although
children of equivalent ages participated in our study, results
that were not compatible with the results of this study were
obtained. We can attribute this difference to the difference
between TE-OAE and DP-OAE.

In our study, no statistically significant difference was found
between the right and left ear otoacoustic emission values of
the autistic group. Danesh et al (2012)*' reported in their study
that the left ear responses of the autism group were stronger.
Although these results are not significant, Khalfa et al (2001)%2
reported that the right ear responses of children with autism
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were stronger. It seems difficult to state that the results of oto-
acoustic emission in the right and left ears are stronger both in
these studies and in our study. It can be said that conditions
such as measurement conditions, the difference of the devices
used, and the measurement environment can be effective.

In the study of Stone et al (2007), 15 children with typical
development (12 boys, 3 girls; 2-6 years, mean age: 3.9 + 1.1
years) and 30 children with autism (21 boys, 9 girls; 2-7 years,
mean age 3.8 + 1.3) participated. Transient-evoked otoacoustic
emission was obtained in all of the typically developing groups
and in 25 of the autistic group. Transient-evoked otoacoustic
emission could not be obtained in both ears of 3 children
with autism and in only 1 ear of 2 children with autism, and
a statistically significant difference was found between the
groups. In the ABR evaluation, although V. wave thresholds
were obtained bilaterally at 20 dBnHL intensity level of 25
children with autism, no V wave threshold was observed at 80
dBnHL intensity level in both ears of 3 children with autism
(children without TEOAE). While the V. wave latency was
obtained at 50 dBnHL severity level in the other 2 children, the
I1I-V. Interpeak latency values were longer in the autistic group
compared to the group with typical development.®®

These findings suggest that there may be pathological
mechanisms in the brainstem. Similarly, Coutinho et al (2002)3*
also detected prolongation in the Il and V wave latencies and
mentioned that the brainstem is affected.

As aresult, different results have been reported in otoacoustic
emission studies in children with autism. In our study,
otoacoustic emission values were higher in the autistic group
than in the control group. These results suggest that children
with autism may have hyperacusis originating from the
inner ear. In addition, studies with children with autism have
reported that the central auditory pathways and the medial
olivocochlear system are also affected. In particular, the
incompatibility between these systems (inner ear, brainstem,
and efferent system, namely contralateral suppression) may
explain the fact that children with autism are disturbed by
sounds. Both our study and other studies found no evidence
of peripheral dysfunction in children with autism. Therefore,
evaluation of cortical functions in addition to inner ear, central
auditory pathways, and contralateral suppression may be
effective in diagnosing to the sound sensitivity of children
with autism. Since autism is a neurodevelopmental disorder,
it should be noted that these incompatibilities may also
be effective in the limbic system (in the cortical level) and
cause behavioral changes. Therefore, studies evaluating both
the auditory system and the limbic system or other cortical
functions should be performed in a combined manner. Thus, a
better understanding of autism and early diagnosis according
to the findings can be achieved.
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