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SUMMARY

Objective: Otitis media can lead to various peripheral auditory effects, including conductive hearing loss, sensorineural hearing loss,
and temporary threshold shifts. While the impact of otitis media on peripheral auditory function is well-established, its effects on central
auditory processing. The main purpose of this study was to examine the possible effects on auditory processing skills and academic
performance at the central level due to the negativity in the transmission of auditory stimuli in children with a history of chronic otitis media
with effusion.

Materials and Methods: The study included 20 children with chronic otitis media with effusion and 20 controls aged 5-12 years. The
participants were administered the "Auditory Figure Ground" test, the "Dichotic Monosyllabic Word" test and the "Akademik Basariy1
Etkileyen Riskleri Tarama Olcegi".

Results: Auditory Figure Ground and Dichotic Monosyllabic Word test scores of children with otitis media were statistically
significantly lower than controls (p<0.05). When the subcategories of risks affecting academic success were examined, the risk scores of
children with otitis media were statistically significantly higher than controls (p<0.05).

Conclusion: Chronic otitis media with effusion affected children's auditory processing skills and academic success. These results
emphasize the importance of early diagnosis and early intervention in otitis media.

Keywords: Academic achievement, auditory processing, otitis media

ORTA KULAK iLTiHABI OLAN COCUKLARDA iSiTSEL iSLEMLEME PERFORMANSININ VE AKADEMIK
BASARIYI ETKILEYEN RiSKLERIN ARASTIRILMASI

OZET

Amag: Otitis media, iletim tipi isitme kaybi, sensorindral isitme kaybi ve gegici esik kaymalar1 gibi gesitli periferik isitsel etkilere yol
acabilir. Otitis medianin periferik isitsel fonksiyon tizerine etkisi iyi bilinmekle birlikte, merkezi isitsel isleme tizerinde etkileri vardir. Bu
caligmanin temel amaci, kronik efiizyonlu otitis media Gykiisii olan gocuklarda isitsel uyaranlarin iletilmesindeki olumsuzlugun, merkezi
diizeyde isitsel isleme becerileri ve akademik performans iizerinde olasi etkilerini incelemektir.

Gere¢ ve Yontem: Caligmaya 5-12 yas arasi 20 kronik efiizyonlu otitis media hastas1 ¢ocuk ve 20 kontrol dahil edildi. Katilimcilara
"[sitsel Sekil Zemini" testi, "Dikotik Tek Heceli Kelime" testi ve "Akademik Basariy1 Etkileyen Riskleri Tarama Olgegi" uyguland.

Bulgular: Otitis mediali ¢ocuklarin Auditory Figure Ground testi ve Dichotic Monosyllabic Word test puanlar1 kontrollerden istatistiksel
olarak anlaml derecede diisiiktii (p<0,05). Akademik basariy1 etkileyen risklerin alt kategorileri incelendiginde, otitis mediali ¢ocuklarin risk
puanlar kontrollerden istatistiksel olarak anlamli derecede yiiksekti (p<0,05).

Sonug: Efiizyonlu kronik otitis media g¢ocuklarin isitsel isleme becerilerini ve akademik basarisini etkilemistir. Bu sonuglar otitis
mediada erken tani ve erken miidahalenin 6nemini vurgulamaktadir.

Anahtar Sozciikler: Akademik basart, isitsel islemleme, otitis media
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infections may disrupt the normal maturation of
auditory pathways, contributing to CAP deficits.

The neurobiological mechanisms
underlying CAP deficits in otitis media involve
the intricate interplay of neural structures
responsible for auditory processing. Chronic
inflammation and recurrent infections may
disrupt the normal maturation of auditory
pathways, affecting synaptic pruning,
myelination, and neurotransmitter release’.
Chronic otitis media can lead to periods of
auditory deprivation, impacting the development
and plasticity of central auditory pathways. The
brain's ability to adapt to changing sensory input
may be compromised, affecting the integration
and interpretation of auditory stimuli®®. The
developing auditory system is particularly
susceptible to disruptions caused by otitis media.
Critical periods of auditory development may
coincide with recurrent episodes of middle ear
inflammation, influencing the refinement of
neural circuits involved in central auditory
processing™. When previous studies on this
subject were examined, it has been revealed that
it negatively affects verbal memory, dichotic
listening skills, and long-term binaural hearing
performance®. Although not specifically otitis
media, a study investigating long-term binaural
auditory processing in conductive hearing loss as
a general title revealed that the process was
negatively affected due to listening impairment
and inadequate access to the stimulus’. The main
purpose of this study was to examine the
possible effects on auditory processing skills and
academic performance at the central level due to
the negativity in the transmission of auditory
stimuli in children with a history of chronic otitis
media with effusion.

MATERIAL and METHODS

This study was approved by the Gazi
University Non-Interventional Clinical Research
Ethics Committee (Decision No. 2021/515).

The study group (n=20) in the research
sample was randomly selected from children
diagnosed with chronic otitis media with
effusion (10 male, 10 female). The participants
were selected from patients between the ages of
5-12, without any additional disabilities, with no
etiology of hearing loss other than otitis media,
and with typical development. The control group
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(n=20) was selected from volunteer individuals
in the same age group with no hearing loss, no
previous ear infection/operation (10 male, 10
female), and no additional disabilities and typical
development. Descriptive informations of the
participants were shown in Table 1.

The "Auditory Figure Ground Test
(AFG)" developed by Yalgcinkaya and his
colleagues in 2002 was applied to evaluate the
auditory processing skills of the participants'®'?,
This test was applied in a quiet environment,
(with Sennheiser HD206 over-the-ear
headphones), by presenting a sound file from the
computer, at a comfortable listening level above
the threshold (by subjectively asking the
participant whether they could hear the presented
stimuli easily). In the AFG test, monosyllabic
words were presented in speech noise called
"speech babble". These words were created
phonetically balanced and were included in the
standard form of the test. Monosyllabic words
were presented 8 dB above the noise level, with
a signal-to-noise ratio of + 8. 25 words were
presented to each of the right and left ears, and
the participant was asked to repeat the words
he/she heard. The percentages of correctly
repeated words for each ear were analyzed'*'".
There are two lists of 25 phonetically balanced
words in the "Dichotic monosyllabic word test
(DMW)".  These words were presented
simultaneously to each ear and the child was
asked to repeat the word presented to only one
ear. The number of words repeated correctly was
recorded as the score for that ear. The scores
were recorded separately for the right and left
cars! 11520

To subjectively evaluate the academic
success of the participants; the "Screening
Instrument For Targeting Educational Risk
(S.LLF.T.E.R)" scale, originally developed by
Anderson and his colleagues, was adapted as the
"Akademik Basariy1 Etkileyen Riskleri Tarama
Olgegi (ABERTO)" by Yalgimkaya and his
colleagues®*. This scale included subheadings
such as academic, attention, communication,
class participation and school behavior and a
total of 15 items. The scale items included
questions about the student’s success in class
compared to his/her peers under the academic
heading, his/her reading level, the student's
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ability to sustain attention compared to his/her
classmates under the attention heading, the
student’s vocabulary and language skills
compared to his/her peers under the
communication heading, and finally, the
student’s participation in class, completing
homework on time and behavioral patterns
compared to his peers under the classroom
participation and school behavior headings. A 5-
point Likert-type (5: upper, 1: lower) scoring
system was used for the scale's scoring. The total
scores obtained from each subheading of the
scale were analyzed separately™>>*.

Statistical Analysis

SPSS (version 25) program was used in
the analysis of the findings, and firstly the
missing data and normal distributions of the data
were examined. Normality assumptions were
examined with Kolmogorov-Smirnov and
Shapiro-Wilk Tests and histogram graphics, and
all data met the parametric test conditions.
Descriptive statistics of the data were presented
as mean and standard deviation. DMW, AFG
and ABERTO subparameter findings of the
control and study groups were analyzed with
"independent sample t-test". Correlation analyses
were performed with "Pearson correlation
analysis". Type 1 error level was determined as
0.05.

RESULTS

The scores of the study group on the
Dichotic  Monosyllabic Word test were

statistically significantly lower compared to the
controls. In addition, the scores of the study
group on the Auditory Figure Ground test were
statistically significantly lower compared to the
controls. The findings of DMW and AFG tests
were presented in Table 2.

When the subscales of ABERTO
(attention, class participation, communication,
and overall score) were analyzed, the sub-scale
scores of the study group were statistically
significantly lower compared to the control
group. The subscale findings of ABERTO were
presented in Table 3

While statistically significant positive
correlations were observed between left ear AFG
scores and ABERTQO subscales of attention,
communication and overall scores, no significant
correlation was observed between class
participation and left ear AFG scores (Table 4).
Statistically significant positive correlations were
observed between right ear AFG scores and all
ABERTO subscales (Table 4).

While statistically significant positive
correlations were observed between the left ear
and right ear DMW scores and the ABERTO
subscales of attention, class participation and
overall scores, no significant correlation was
observed between the communication subscale
and DMW scores (Table 5).

Table 1: Descriptive informations of the participants

Participants (n=40)

Controls (mean=+sd)

(n=20)

Age 8.9+1.9

Duration of otitis 3.8+1.6
media

Pure Tone Average 9.2+£2.9

Study Group p
(mean+sd)
(n=20)
9+1.6 0.86
21.8+3.4 <0.001
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Table 2: Findings of DMW and AFG tests
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Study Group (n=20) Controls (n=20) p
Mean+sd Mean+sd
DMWleft 17,15+£2,18 19,2+1,7 0,002
DMWright 17,75+£2,55 19,65+1,78 0,01
AFGleft 20,15+1,46 21,65+1,98 0,01
AFGright 21,10+1,80 23+2,02 0,003
DMW; Dichotic Monosyllabic Word, AFG; Auditory Figure Ground.
Table 3: Findings of subscales of ABERTO
Study Group (n=20) Controls (n=20) p
Mean+sd Mean+ sd
Attention 9,65+1,49 13,7+1,38 < 0,001
Class 9,35£1,22 13,2+1,23 < 0,001
Participation
Communication 7,44+0,99 11,55+1,35 < 0,001
Overall 58,2+8,59 65,95+5,10 < 0,001
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Table 4: Correlations between AFG and subscales of ABERTO

n=40 Attention Class Communication Overall
Participation
AFGleft r 0.32 0.30 0.32 0.33
p 0.043 0.057 0.042 0.033
AFGright r 0.39 0.39 0.35 0.45
p 0.012 0.013 0.026 0.004
AFG; Auditory Figure Ground, r; Pearson Correlation Coefficient
Table 5: Correlations between DMW and subcales of ABERTO
n=40 Attention Class Communication Overall
Participation
DMWright r 0.45 0.45 0.17 0.40
p 0.003 0.003 0.27 0.010
DMWleft r 0.46 0.47 0.23 0.31
p 0.003 0.002 0.15 0.045

DMW; Dichotic Monosyllabic Word, r; Pearson Correlation Coefficient

DISCUSSION

Otitis media is the most common
otological problem caused by labiopalatine
fissure. Otitis media with effusion is a disorder
in which fluid accumulation in the middle ear
persists for three months or longer and usually
causes damage to the tympanic membrane™. One
of the main factors in the formation of otitis
media is eustachian tube dysfunction. Both the
tensor veli palatini and levator veli palatini
muscles are responsible for the opening of the
eustachian tube®®. Abnormal placement of the
muscles that elevate and stretch the soft palate
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muscles causes the eustachian tube not to open
sufficiently and negative pressure to form in the
middle ear”’. The first years of life are critical for
hearing and speech development, and middle ear
problems that occur during this period pose a
risk factor for language and speech development
as well as learning disabilities. Another area of
critical importance at this stage is auditory
processing skills*’. Many studies in the literature
emphasize that auditory processing is activated
from the first interaction with sound and
therefore the first years of life are critical for the
development of auditory processing®™. It is



Emre ORHAN PhD; Nuriye YILDIRIM GOKAY PhD; Tiirkan Ozlem BAYULGEN Msc, Hakan TUTAR MD; Biilent

GUNDUZ PhD

Investigation Of Auditory Processing Performance And Risks Affecting Academic Achievement In Children With Otitis

Media

known that otitis media with effusion occurs
frequently in early childhood. In a study
conducted by Khavarghazalani et. al., it was
stated that children between the ages of 1 and 5
had at least one history of otitis media with
effusion’. Otitis media with effusion can cause
hearing loss of up to 40 dB, especially in low
frequencies, especially in its active period.
According to data obtained from animal studies;
conductive hearing loss can negatively affect the
structures and functions of the auditory system.
For example; unilateral conductive hearing loss
can affect the relative dimensions of the
dendrites in the superior olivary complex®.

It is known that the population diagnosed
with otitis media has poor language
development, reading and writing skills, or
academic achievement, and in addition, they
have shorter auditory memories compared to
their normal peers™. In addition, it is difficult to
participate in ordinary activities due to hearing
loss, and behavioral problems caused by social
isolation can be observed®’. Consistent with
previous studies, the ABERTO subtest findings
proved that the children diagnosed with otitis
media included in this current study had
academic problems and could not -easily
communicate with their peers.

When the right and left ear AFG scores
were examined, it was seen that the scores of the
study group were significantly lower than the
values of the normal group (p<0.001). Binaural
interaction includes the acoustic signals coming
to the two ears and their neural connections”'. It
should not be forgotten that many daily listening
activities are in the conditions of binaural
interaction, localization of acoustic stimuli and
signal discrimination in noise®”. Especially the
low scores obtained from the AFG subtest
implied that it may indicate difficulty in
understanding speech in the presence of
background noise, difficulty in determining the
source of the sound in noise and difficulty in
using binaural cues. In addition, it has been
stated that a history of recurrent otitis media in
early childhood - even after otitis media
treatment - carries a high risk of causing
difficulty in listening skills in background noise
and weakness in auditory memory in children®’.
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The scores we obtained as a result of our study
support the fact that children with otitis media
may have poor performance in the detection and
discrimination of acoustic stimuli in the presence
of noise in daily listening environments
(p<0.001).

In dichotic tests, different stimuli are
presented to both ears simultaneously, thus
providing the opportunity to evaluate binaural

integration  skills>.  Binaural  integration
assessments provide information about the
brainstem, cortical lesions and corpus
collosum’*. Dichotic listening also provides

data about the ability to combine and separate
acoustic stimuli*®. Tt should be noted that poor
performance in these skills can be observed as
difficulty in understanding and distinguishing
what is said when two people speak at the same
time or difficulty in hearing in the presence of
background noise®'. Similarly, Khavarghazalani
et. al., stated that children with a history of otitis
media had temporal processing problems due to
lack of appropriate auditory development when
compared to the normal group’. When the results
of both studies and many studies in the literature
are examined, it is observed that findings
supporting our study are obtained.

CONCLUSION

Chronic otitis media with effusion
affected children's auditory processing skills and
academic success. These results emphasize the
importance of early diagnosis and early
intervention in otitis media. Future studies can
examine  more  comprehensive  auditory
processing skills in wider age ranges and
document the effects of otitis media on auditory
processing skills more comprehensively.
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