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Amacg ve Kapsam

Turkish Journal of Audiology and Hearing Research (TJAHR), Turkiye
Odyologlar ve Konusma Bozukluklari Uzmanlari Dernegi'nin yayin
organidir. Dért ayda bir yayimlanir (Nisan, Agustos, Aralik), her yilin t¢
sayisi bir cilt olusturur.

Turkish Journal of Audiology and Hearing Research Dergisi, yilda ¢ kez
yayimlanan hakemli bir dergidir. Dergide; odyoloji ve isitmeyle iliskili
bilim alanlarinda yapilan derleme, nicel, nitel ve karma yontemi kullanan
arastirmalara yer verilmektedir.

Derginin hedef kitlesi isitme, denge ve ses alanlarinda calisan veya bu
alanlara ilgi duyan odyolog ve arastirmacilardir.

Derginin editoryal ve yayin stirecleri International Committee of Medical
Journal Editors (ICMJE), World Association of Medical Editors (WAME),
Council of Science Editors (CSE), Committee on Publication Ethics (COPE),
European Association of Science Editors (EASE) ve National Information
Standards Organization (NISO) kurumlarinin kilavuzlarina uygun olarak
bicimlendirilir. Turkish Journal of Audiology and Hearing Research (TJAHR),
Principles of Transparency and Best Practice in Scholarly Publishing (doaj.
org/bestpractice) ilkelerini benimsemistir.

Tum makaleler https://dergipark.org.tr/tr/pub/tjaudiologyandhear
sayfasindaki online makale degerlendirme sistemi kullanilarak dergiye
gonderilmelidir. Derginin yazim kurallarina, gerekli formlara ve dergiyle
ilgili diger bilgilere web sayfasindan erisilebilir.

Derginin tiim masraflar Turkiye Odyologlar ve Konusma Bozukluklari Uz-
manlari Dernegi tarafindan karsilanmaktadir. Dergide tibbi ilag, malzeme
ve cihaz Ureticilerinin reklamlari yayimlanabilir. Reklam vermek isteyenlerin
Editoryal Ofis ile iletisime gecmeleri gerekmektedir. Reklam gorselleri sade-
ce Editor onayi ile yayimlanmaktadir.

Dergide yayimlanan makalelerde ifade edilen bilgi, fikir ve gorusler Turkiye
Odyologlar ve Konusma Bozukluklari Uzmanlari Dernegi, Bas Editor,
Editorler, Yayin Kurulu ve Yayinci'nin degil, yazarlarin bilgi ve géruslerini
yansitir. Editorler, Yayin Kurulu ve Yayinci, yazarlara ait bilgi ve gorusler icin
hicbir sorumluluk ya da ytikiimliliik kabul etmemektedir.

Yayimlanan tiim icerige https://dergipark.org.tr/tr/pub/
tjaudiologyandhear adresinden Ucretsiz olarak erisilebilir.

Dergide yayimlanan igerigin tim telif haklari Tirkiye Odyologlar ve
Konusma Bozukluklari Uzmanlari Dernegi'ne aittir.

Editoryal Ofis

Yayin Yénetmeni: Eser Sendesen Ogr. Gér. Dr
Hacettepe Universitesi, Ankara, Tiirkiye

Adres: Mithatpasa Cad. inal ishani

No:31 Kat:5 D:18, Kizilay, Ankara, Turkiye

Tel: +90 312 305 16 67

E-mail: tjaudiologyandhear@gmail.com

Web: https://dergipark.org.tr/tr/pub/tjaudiologyandhear/contacts

Yayin Hizmetleri: BAYT

Adres: Ziya Gokalp Cad., 30/31
06420 Kizilay, Ankara, Turkiye
Tel: +90 431 3062

Faks: +90 431 3602

E-posta: info@bayt.com.tr
Web: www.bayt.com.tr
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Aims and Scope

Turkish Journal of Audiology and Hearing Research (TJAHR) is the
publication of the Turkish Association of Audiologists and Speech
Pathologists. It is published quarterly (April, August, December), and three
issues of each year constitute a volume.

Turkish Journal of Audiology and Hearing Research is a peer-reviewed
journal published three times a year. In this journal; researches and
reviews on audiology and hearing related science, using quantitative,
qualitative and mixed methods take place.

The target population of the journal is audiologists and researchers who
study or are interested in fields of hearing, balance and sound.

The editorial and publication processes of this journal are shaped
according to the guidelines of the International Committee of Medical
Journal Editors (ICMJE), the World Association of Medical Editors (WAME),
the Council of Science Editors (CSE), the Committee on Publication Ethics
(COPE), the European Association of Science Editors (EASE), and the
National Information Standards Organization (NISO). The Turkish Journal
of Audiology and Hearing Research (TJAHR) adopts the principles of
Principles of Transparency and Best Practice in Scholarly Publishing (doaj.
org/bestpractice).

All articles should be submitted to the journal using the online
article evaluation system at https://dergipark.org.tr/tr/pub/
tjaudiologyandhear. Writing rules, necessary forms and other
information about the journal can be accessed from the web page.

All expenses of the journal are met by the Turkish Association of
Audiologists and Speech Pathologists. Advertisements of drug, medical
equipment and material manufacturers may be published in the journal.
Those who want to advertise need to contact the Editorial Office.
Advertisements may only be published after the approval of the Editor.

The information given in the articles published in this journal, reflect the
ideas and opinions of neither the Turkish Association of Audiologists and
Speech Pathologists, nor its Editor in Chief / Editors / Editorial Board, nor
the Publisher, but the author of the article. Editors, the Editorial Board
and the Publisher do not accept any responsibility or liability for the
information and opinions of the authors.

All published content is freely available at https://dergipark.org.tr/en/
pub/tjaudiologyandhear

All copyrights of the published content belong to the Turkish Association
of Audiologists and Speech Pathologists.

Editorial Office

Publishing Director: Eser Sendesen, PhD
Hacettepe University, Ankara, Turkey

Address: Mithatpasa Cad. inal ishani

No:31 Kat:5 D:18, Kizilay, Ankara, Turkey

Phone: +90 312 305 16 67

E-mail: tjaudiologyandhear@gmail.com

Web: https://dergipark.org.tr/tr/pub/tjaudiologyandhear/contacts

Publishing Services: BAYT

Address: Ziya Gokalp Cad., 30/31
06420 Kizilay, Ankara, Turkey
Phone: +90 431 3062

Fax: +90 431 3602

E-mail: info@bayt.com.tr

Web: www.bayt.com.tr
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Yazarlara Bilgi

HAKEM RAPORLARI

Dergide arastirma, derleme ve tek denekli makalelere iliskin hakem
degerlendirme formlari bulunmaktadir. Hakemler bu degerlendirme
formlan dogrultusunda Baslik, Tiirkce ve ingilizce Ozet, Giris, Yontem,
Bulgular, Tartisma ve Oneriler bélimlerini degerlendirmekte, ayrica
calismanin Bicim ve Anlatim Ozelliklerini inceleyerek calisma hakkinda
Genel Degerlendirme yapmaktadirlar. Hakem degerlendirmeleri genel
olarak galismalarin; 6zguinltgind, kullanilan yontemlerin ve arastirmanin
etik kurallara uygunlugunu, bulgularin ve sonuglarin tutarli bir sekilde
sunumunu ve literatuir agisindan incelenmesini icermektedir.

Derginin yayimina iliskin siirec asagida verilen islem basamaklarina

gore yuritalar:

Derginin editoryal ve yayin stirecleri International Committee of Medical

Journal Editors (ICMJE), World Association of Medical Editors (WAME),

Council of Science Editors (CSE), Committee on Publication Ethics (COPE),

European Association of Science Editors (EASE) ve National Information

Standards Organization (NISO) kurumlarinin kilavuzlarina uygun olarak

bicimlendirilmistir. Ayrica bu stirecler, Principles of Transparency and Best

Practice in Scholarly Publishing (doaj.org/bestpractice) ilkelerine uygun

olarak yiiriitilmektedir. icerik, yayin sirecinin tamamlanmasini takiben

derginin internet sayfasinda Ucretsiz erisime acik “Open Access” hale
getirilir.

1. Cahsmalar, Word formatinda hazirlanip https://dergipark.org.tr/
tr/pub/tjaudiologyandhear adresine génderilir.

2. Turkish Journal of Audiology and Hearing Research Dergisi Editorler
Kurulu, degerlendirilmek icin génderilen calismalari 6n incelemeden
gegirir ve 6n inceleme sirecinde; Makale Sablonuna uygun olarak
hazirlanmayan calismalar degerlendirmeye alinmaz. Makale
onerilerinin derginin yazim kurallarina uygun hazirlanabilmesi igin
yazim kurallari 6nceden incelenmelidir. Yazim kurallari ve bigim
yoniinden uygun olmayan makaleler degerlendirmeye alinmaz ve
yeniden diizenleme icin yazar(lar)a iade edilir. Yazim kurallan ve
bicim yoniinden uygun olan makaleler daha sonraki asamada intihal
denetiminden gegirilir. intihal denetimi Turnitin'in iThenticate®
programi araciligyla gerceklestirilir. Editorler Kurulu her calismanin
intihal denetim raporu isiginda, calisma hakkinda nihai kararini
verdikten sonra bu raporu ve karari gerektiginde yazar(lar) ile
paylasir. Raporda yer alan hatalarin yazar(lar) tarafindan diizeltiimesi
istenebilir veya ¢alisma yazarlara iade edilebilir.

3. Editorler Kurulu'nca 6n incelemesi yapilan calismalar, icerik agisindan
degerlendirilmek tizere alan uzmani ti¢ hakeme génderilir. Hakemler
tarafindan duzeltme istendiginde, yazar(lar) en gec 15 gln igerisinde
duizeltmelerini yaparak calismalarini ayni sistem uzerinden dergiye
iletir(ler). Duzeltilmis olan calisma, gerektiginde degisiklik ya da
diizeltme isteyen hakemlerce tekrar degerlendirilir. Calismalarin
yayimlanmasina, alinan hakem gérisleri dogrultusunda Editorler
Kurulu'nca karar verilir. Hakem gorislerinde uyumsuzluk olmasi
durumunda Editérler Kurulu gerekli gorurse calismayr farkli bir
hakeme daha gonderebilir.

4. Yayimlanmasina karar verilen calismalar génderim tarihlerine gore
Editorler Kurulu Sekreterligi'nce siraya konur ve son okuma stirecine
alinir. Bu sirecte yayima kabul edilen makaleler, hakem 6nerileri ve
yayim kurallari géz 6niinde bulundurularak incelenir.

5. Yayimlanmasina karar verilen makaleler igin ticret 6denmez.

6. Calismalarda savunulan gorislerden ve kaynaklarin dogrulugundan
yazar(lar) sorumludur.

7. lletisimden sorumlu yazar, makalenin sunum asamasindan basimina
kadar olan sireclerde her tirlii yazismayi gerceklestiren yazardir.
iletisimden sorumlu yazar, makale dergiye kabul edildikten sonra
“Telif Hakki Devir Formu” ve “Cikar Catismasi Formu”nu tamamlayarak
gondermelidir.

Yazar olarak listelenen herkesin, ICMJE tarafindan Onerilen yazarlk
kriterlerini  karsilamasi  gerekmektedir. ICMJE, yazarlarin asagidaki
dort kriteri karsilamasini  6nermektedir (bkz: http://www.icmje.org/
recommendations/browse/roles-and-responsibilities/defining-the-role-
of-authors-and-contributors.html)

1. Calismanin konseptine/tasarimina; ya da calisma igin verilerin
toplanmasina, analiz edilmesine ve yorumlanmasina 6nemli katki
saglamis olmak,

2. Yazi taslagini hazirlamis ya da o6nemli fikirsel icerigin elestirel
incelemelerini yapmis olmak,

3. Yazinin yayindan 6nceki son halini gbzden gecirmis ve onaylamis
olmak,

4. Calismanin herhangi bir boliminin gecerliligi ve dogruluguna iliskin
sorularin uygun sekilde sorusturuldugunun ve c¢6ziimlendiginin
garantisini vermek amaciyla calismanin her yoniinden sorumlu
olmayi kabul etmek.

Yayimlanmak tzere génderilen yazilarin arastirma ve yayin etigine uygun
olmalari gereklidir. Yazarlar, basili ya da elektronik formatta kullandiklari
yazi ve gorsellerin 6zgiin oldugunu kabul ederler. Bu konulardaki yasal,
mali ve cezai sorumluluk buttntyle yazarlara aittir.

Yazar, makalenin ne turde bir eser (arastirma, derleme vb.) oldugunu
belirtmelidir. Arastirma makalesinde Doktora veya Yiiksek Lisans tezinin
tamami ya da bir kismi verilecekse, basvuru sirasinda bu durum mutlaka
belirtilmelidir. Yayimlanmasina karar verilen makaleler tizerinde ekleme
ve/veya cikarma yapilamaz.

MAKALE HAZIRLANMASI

Sayfa Yapisi

Metin, A4 boyutlarindaki kagida ustten, alttan ve yanlardan 2,5 cm
bosluk birakilarak, iki yana yash sekilde, tirelemesiz ve tek stitun olarak
hazirlanmalidir.

Yazi Tipi
Butiin metinde 10 punto-Times New Roman yazi karakteri kullaniimalidir.

Paragraf Yapisi

Paragraf satir baslarina 1,25 cm girinti verilmeli. Paragraf 6ncesi bosluk 0,6
cm, sonrasl ise 0 olacak sekilde diizenlenmeli ve metin icin tek satir araligi
secilmelidir.

Bashik Sayfasi

Makalenin baslig kisa fakat icerigi tanimlayici ve amagla uyumlu olmalidir.
Baslikta kisaltma kullanilmamalidir. Makale bashg Tirkce ve ingilizce
yazilmalidir. Ayrica yazinin 12 sézciikten az, kisa bir bashg da Tirkge ve
ingilizce olarak baslik sayfasinda belirtilmelidir.
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Tum yazarlarin agik adlari, soyadlar ve akademik unvanlari, calistiklari
kurum, iletisim bilgileri, calismanin yapildigi klinik, bélum, enstitd,
hastane veya universitenin acik adi ve adresi belirtiimeli ve her yazar igin
tist numaralandirma kullanilmalidir. iletisimden sorumlu yazarin iletisim
bilgileri ayrica belirtilmelidir. Her yazarin iletisim bilgileri, adres, gtincel
e-posta adresi, is telefonu ve cep telefonu numaralarini icermelidir. Yazi
ozet ve/veya bildiri seklinde daha 6nce sunulmus ise, sunuldugu bilimsel
toplanti, sunum yeri, tarihi ve basiimigsa basimi yapilan yayin organina
iliskin bilgiler bu sayfada belirtilmelidir. Ayrica, dergiye goénderilen
makaledeki calismayi destekleyen kurulus varsa, bu kurulus ve destegin
kapsami baslk sayfasinda belirtilmelidir.

CALISMA BOLUMLERI

Bashk
Baslik 16 punto-Times New Roman yazi karakterinde, satir arahig tek
olacak sekilde kalin karakterlerle yazilmali ve sayfaya ortalanmalidir.

Calisma daha 6nce sunulmussa, bir projeden veya tezden uretilmisse
basligin sonuna konulan bir dipnotta (*) aciklama yapilmalidir.

Yazarlarin isimleri

Yazarlarin isim ve soy isimleri ilk harfleri buytk, 12 punto-Times New
Roman yazi karakterinde ve aralarina virgiil konularak verilmelidir. isim
ve soy isimlerinin altinda 10 punto-Times New Roman yazi karakterinde
kurumlarinin isimleri verilmelidir.

Yazar iinvanlari, elektronik posta adresleri ve ORCID id'leri hem “Ozet” hem
de "Abstract” kisminda alt bilgi olarak belirtiimelidir. Alt bilgiler 9-punto
Times New Roman fontu ile verilmeli ayrica sorumlu yazar belirtiimelidir.

Tiirkce Ozet ve ingilizce Abstract

Her makalenin basinda Tiirkge, ingilizce veya makale baska bir dilde
yazilmissa, yazildigi dilde 6z bulunmalidir. Ozet, 10 punto buyiikligiinde,
iki yana yasli ve 100-150 sézctigil gegmeyecek sekilde yazilmalidir. Ozette
atif bulunmamalidir.

Makalelerinin 6zetinde veya ingilizce abstract'ta asagidaki icerik yer

almalidir:
Problem durumu, arastirmanin amaci,

+  Arastirmadaki katiimcilar ve onlarla ilgili yas, cinsiyet ve uyruk

gibi demografik 6zelliklerine iliskin bilgiler,
Arastirmanin ydntemi/tasarimi (eger varsa ozellikle yontemsel
ozgunlugu),
istatistiksel anlamlilik diizeyi, etki biytklugu ve giiven araligi gibi
degerleri de icerecek sekilde temel bulgular,
Sonuglar, olasi etkileri veya uygulamaya yansimalari.

Anahtar Sozciikler
Anahtar sozcukler en az bes, en fazla yedi adet olacak sekilde, sadece
kiicuik harflerle aralarina virgiil konularak verilmelidir.

Ana Metin
Nicel ve nitel galismalar Giris, Yontem, Bulgular, Tartisma ve Sonug
bolumlerini icermelidir.

Kaynaklar

Belgenin sonunda verilen Kaynak¢a yazimina yeni bir sayfadan
baslanmalidi. Hem metin icinde hem de kaynakcada Amerikan
Psikologlar Birligi tarafindan yayimlanan Publication Manual of American
Psychological Association (APA) (6. baski) adli kitapta belirtilen yazim
kurallari uygulanmalidir (http://apastyle.org/index.aspx bakiniz).

Metin icinde Kaynak Verilmesi
(Berlin, C. I., 2003) veya (Berlin, C. I. ve ark., 2003).

Metin Sonunda Kaynak Verilmesi

Dergiden alinan makale igin 6rnek

Rance, G., Beer, D. E., Cone-Wesson, B., Shepherd, R. K., Dowell, R. C., King, A. M., ...
Clark, G. M. (1999). Clinical findings for a group of infants and young children
with auditory neuropathy. Ear and Hearing, 20(3): 238-252.

Emiroglu, F. N. I, Kurul, S., Akay, A., Miral, S., Dirik, E. (2004). Assessment of child
neurology outpatients with headache, dizziness, and fainting. J Child Neurol,
19: 332-336.

Kitaptan alinan makale icin 6rnek

Cushing, S. L., Levi, J. R., O'Reilly, R. C. (2013). History and Physical Examination of
the Child with a Balance Disorder. O'Reilly, R. C., Morlet, T, Cushing, S. L. (Eds.),
Manual of Pediatric Balance Disorders (pp.35-47). United Kingdom: Plural
Publishing.

Rine, R. M. (2007). Management of the pediatric patient with vestibular
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Tinnitus Goriilen Bireylerde Hiperakuzi Goriilme Sikhgi
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Selguk University, Faculty of Health Sciences, Department of Audiology, Konya, Turkiye

0z

Tinnitusu olan bireylerde, tinnitusu olmayan bireylere kiyasla
sese kars1 artmis hassasiyet (anormal ses yiiksekligi artis1) oldugu
gosterilmektedir. Bu arastirmada, hiperakuzi ile tinnitus arasinda
iliskinin varhigina dair farkli bulgular mevcut olmasma ragmen,
iilkemizde tinnitus ve hiperakuzi arasindaki iliski ve siklifa dair
farkli bir arastirmaya rastlanmamis olmasi nedeniyle, tinnitus
ve hiperakuzi arasindaki iliskiyi ortaya koymak amaglanmigtir.
Arastirmaya iilkemizde yasayan, Tiirk vatandasi ve ana dili Tiirkge
olan, 19-65 yas araliginda, unilateral veya bilateral tinnitus sikayeti
bulunan ve okuma yazma bilen 113 birey (78 kadin, 35 erkek)
dahil edilmistir. Katihmeilarin yas, cinsiyet, isitme kaybi1 varligi
ve tarafl, tinnitus ve yiliksek sese karsi hassasiyetin sorgulanmasi
amaciyla demografik bilgi formu doldurtulmus; tinnitus sikayetlerini
degerlendirmek i¢in Tinnitus Engellilik olgegi ve hiperakuzi
sikayetlerini degerlendirmek igin Khalfa Hiperakuzi Olgegi veri
toplama araci olarak kullanilmistir. Tinnitus sikayeti olan 113 kisiden
22’si yiiksek sese hassasiyetinin olmadigi, 91’1 ise oldugunu ifade
etmistir. Yiiksek sese hassasiyeti oldugunu bildiren bu bireylerden
sekizinde kesin hiperakuzi, 32’sinde hiperakuzi siiphesi oldugu
belirlenmistir. Yiiksek sese hassasiyeti olmadigim1 bildiren 22
bireyden sekizinde hiperakuzi siiphesi oldugu bulunmustur. Buna
gore tinnitusu olan 113 kisiden yalnizca 48’inde hiperakuzi oldugu
ifade edilebilmektedir. Ancak, tinnitus ve hiperakuzinin birlikte
goriilme siklig1 agisindan katilimceilarin yarisindan daha az kiside
hiperakuzi belirlenmesine karsin, aralarindaki iliskiye bakildiginda
pozitif yonlii korelasyon bulunmustur. Tinnitus siddeti arttikga
hiperakuzinin de artt1g1 goriilmektedir. Literatiirde de yer aldigt tizere,
arastirmamizda tinnitus olan bireylerde hiperakuzi siiphesi veya kesin
hiperakuzi oldugu; tinnitus siddeti arttik¢a hiperakuzi siddetinin de
arttig1 tespit edilmistir. Tinnitus ve hiperakuzinin bireyde var olma
stiresi arttikca siddetinin de arttig1 belirlenmistir. Son olarak, igitme
kayb1 varligy, cinsiyet ve tinnitusun tarafinin farklilasmasi ile tinnitus
ve hiperakuzinin birlikteligi arasinda herhangi bir iliski olmadig:
bulunmustur.

Anahtar kelimeler: tinnitus, hiperakuzi, tinnitus engellilik dlgegi,
Khalfa hiperakuzi dlgegi

ABSTRACT

Frequency of Hyperacusis in Individuals with Tinnitus

It has been shown that individuals with tinnitus have increased
sensitivity to sound (abnormal loudness increase) compared to
individuals without tinnitus. In this study, although there are different
findings on the existence of a relationship between hyperacusis
and tinnitus, there is no research on the relationship and frequency
between tinnitus and hyperacusis in our country, so we aimed to reveal
the relationship between tinnitus and hyperacusis. The study included
113 individuals (78 females, 35 males) who lived in Tiirkiye. The
individuals were Turkish citizens and native Turkish speakers between
the ages of 19 and 65, had unilateral or bilateral tinnitus complaints,
and could read and write. A demographic information form was
filled out to question the participants’ age, gender, presence and side
of hearing loss, tinnitus, and sensitivity to loud noises; the Tinnitus
Handicap Inventory was used to evaluate tinnitus complaints, and the
Khalfa Hyperacusis Questionnaire was used to evaluate hyperacusis
complaints. Of the 113 people with tinnitus complaints, twenty-two
individuals said they were not sensitive to loud noises, and ninety-one
said they were. It was determined that eight individuals who reported
sensitivity to loud sounds had definite hyperacusis, and 32 had
suspected hyperacusis via Khalfa Hyperacusis Questionnaire. Of the
22 individuals who reported no sensitivity to loud noises, eight were
found to have suspected hyperacusis. Accordingly, it can be stated that
only 113 out of 48 people with tinnitus had hyperacusis. However,
although hyperacusis was found in less than half of the participants
regarding the frequency of co-occurrence of tinnitus and hyperacusis,
a positive correlation was found between them. As the severity of
tinnitus increased, hyperacusis also increased. As in the literature, our
study determined that individuals with tinnitus may have suspected
or definite hyperacusis. As tinnitus’ severity and duration increased,
hyperacusis’ severity also increased. Finally, it was found that there
was no relationship between the presence of hearing loss, gender, and
the differentiation of the side of tinnitus and the association of tinnitus
and hyperacusis.

Keywords: tinnitus, hyperacusis, tinnitus handicap inventory, Khalfa
hyperacusis questionnaire
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GiRiS

Tinnitus, herhangi bir dig ses olmadan bir sesin hayali olarak
algilanmasidir; hiperakuzi ise dis seslere asir1 tepkinin varligi
olarak ifade edilmektedir (Ke, Du, Tyler, Perreau ve Mancini,
2020). Tinnitus prevalans oranlarinin %9 ile %86 arasinda
degistigi ve klinik popiilasyonlarin aksine genel popiilasyonda
bu oranin daha diisiik oldugu bildirilmistir (Paulin, Andersson
ve Nordin, 2016). Hiperakuzi ise, kisilerin giinlik hayattaki
yiiksek seslere tahammiiliiniin olmadigi ve hatta bu seslere aci
veren tepkilerin goriildiigii bir durum olarak bildirilmektedir. Ilk
bakista tinnitus ve hiperakuzi birbirinin zidd1 gibi gériinmesine
ragmen klinik olarak i¢ i¢e olduklari belirtilmektedir (Anari,
Axelsson, Eliasson ve Magnusson, 1999).

Tinnitus ve hiperakuzinin belirti ve semptomlart bireyler
arasinda tanim ve ciddiyet agisindan farklilik gosterebilmektedir
(Jarach ve ark., 2022). Hem tinnitus hem de hiperakuzi bagka
bozukluklarin ve hastaliklarin belirtileri olabilmekte ve/veya
baska durumlarla iliskili olabilecegi ifade edilmektedir. Tinnitus,
akut veya kronik olabilmekte; rahatsiz edici veya rahatsiz edici
olmayan; bagin ortasinda veya basin disinda lokalize; sabit,
darbeli veya aralikli; perdede degisken; bir veya her iki kulakta
mevcut ve sesin siddeti degiskendir (Baguley ve Hoare, 2018;
Jarach ve ark., 2022). Hiperakuzi, tipik isiten ortalama bir
dinleyici i¢in kabul edilebilir veya tolere edilebilir sayilabilecek
seslere karsi hoggoriisiizlik veya rahatsizlik (fiziksel ve/veya
duygusal) tepkisi ile karakterize edilmektedir (Baguley ve
Hoare, 2018).

Klinik ¢alismalar i¢in oldukga zor olan, tinnitus ve hiperakuzinin
subjektif fenomenler olmasi ve objektif Sl¢limlerinin hala
eksik olmasidir. Isitme kaybi veya hiperakuzi gibi faktdrlerin
ortlisen etkiler nedeniyle yanlis yorumlamalara katkida
bulundugu ileri siiriilmektedir (Kleinjung ve Langguth, 2020).
Farkli tinnitus modelleri, tinnitusun artan merkezi giiriiltiiden
kaynaklandigini, hiperakuzi ve isitme kaybinda ortaya cikan
artan dogrusal olmayan kazangtan farkli bir mekanizma
oldugunu agiklamaktadir (Knipper, Van Dijk, Nunes, Riittiger ve
Zimmermann, 2013). Jastreboff ve Hazell, hiperakuziyi santral
isitsel sistemin yolaklarinda artmis kazancin bir yansimasi
olarak tanimlamis ve bunu tinnitus Oncesi bir durum olarak
degerlendirmistir; bazi durumlarda da tinnitus bu artmis kazanca
ikincil olarak ortaya c¢ikabilmektedir (Guimardes, Carvalho,
Voltolini, Zappelini, Mezzalira, Stoler ve Paschoal R, 2014;
Jastreboff ve Hazell, 1993).

Literatiirde, hiperakuzisi olan ¢ocuklarin %72,6’sinda spontan
tinnitus belirlenmistir (Nemholt, Schmidt, Wedderkopp ve
Baguley, 2020). Ayrica tinnitusu olan bireylerde, tinnitusu
olmayan bireylere kiyasla sese karst artmig hassasiyet (anormal
ses yuksekligi artis1) oldugu da gosterilmistir (Hébert, Fournier
ve Norefia, 2013). Farkli bir ¢aligmada da tinnituslu bireylerin
%18,4’inde hiperakuzi varlig1 tespit edilmistir (Guimaraes
ve ark., 2014). Onceki arastirmalar dikkate alindiginda,
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hiperakuzi ile tinnitus arasinda iligkinin varligina dair birlikte
goriilme sikligi agisindan birbirinden oldukga farkli sonuglar
oldugu belirlenmistir. Ayrica iilkemizde tinnitus ve hiperakuzi
arasindaki iligki ve sikliga dair yapilan farkli bir arastirmaya
rastlanmamistir. Bu nedenle, tinnitus ve hiperakuzi arasindaki
iliskiyi ortaya koymak ve sikligimi arastirmak amaciyla bu
aragtirma planlanmuistir.

MATERYAL METOT

Arasgtirmaya tilkemizde yasayan, Tiirkiye vatandasi ve ana dili
Tiirkge olan, 19-65 yas araliinda, unilateral veya bilateral
tinnitus sikdyeti bulunan ve okuma yazma bilen 113 birey (78
kadmn, 35 erkek) dahil edilmistir. Arastirma i¢in katilimcilara
sosyal medya duyurusu araciligiyla ulasilmig, veri toplama
araglar1 internet ortaminda ¢evrimici goriisme ile katilimcilara
uygulanmustir.

Katilimcilarin tinnitus sikayetlerini degerlendirmek igin Tinnitus
engellilik 5l¢egi (Aksoy, Firat ve Alpar, 2007) (TEO) ve hiperakuzi
sikayetlerini degerlendirmek i¢in Khalfa hiperakuzi 6lgegi (Erinc
ve Derinsu, 2020) (KHO) veri toplama araci olarak kullanilmustir.
Olgeklerin uygulamasindan 6nce yas, cinsiyet, isitme kayb1 varligi
ve tarafi, tinnitus ve yiiksek sese karsi hassasiyetin sorgulanmasi
amaciyla demografik bilgi formu doldurtulmustur. Sonrasinda
anketlerin uygulamasina gecilmistir.

Tinnitus engellilik odlgegi, 25 maddeden olusmakta ve
fonksiyonel, emosyonel ve katastrofik olmak {iizere ii¢
boyuta sahiptir. Her bir soru evet, hayir ve bazen seklinde
cevaplanmakta ve ‘hayir’ yamiti 0, ‘bazen’ yanmit1 2, ‘evet’
yanit1 ise 4 puan olarak hesaplanmaktadir. Toplam puana gore
tinnitus diizeyi belirlenmektedir. Alinan puan arttik¢a tinnitus
siddeti artmaktadir. Olgek, tinnitus diizeyine gére farkli puan
araliklarina ayrilmaktadir: Cok Hafif/Diizey 1:0 — 16 puan
(Sadece sessiz ortamlarda duyulabilen), Hafif/Diizey: 18 — 36
puan (Cevresel seslerle kolaylikla maskelenen ve aktivitelerle
kolaylikla unutulabilen), Orta/Diizey 3:38 — 56 puan (Arka plan
giiriiltiistinde fark edilebilen, buna ragmen giinliik aktiviteleri
yerine getirmede engel olmayan) Siddetli/Diizey 4:58 — 76 puan
(Neredeyse devamli sekilde isitilen, uykuda rahatsizliga yol
acan ve giinliik aktivitelere engel olabilen) Cok siddetli/Diizey
5:78 —100 Diizey 5 (Her zaman isitilen, uyku diizenini bozan,
herhangi bir aktivitede zorluk ¢ektiren) (Aksoy ve ark., 2007).
Khalfa hiperakuzi 6l¢egi ise, dortlii Likert tipi cevaplanabilen,
14 maddeden olusan ve dikkat, sosyal ve duygusal olmak {izere
ii¢ alt boyuta sahiptir. “Hayir” (0 puan), “Evet, biraz” (1 puan),
“Evet, olduk¢a” (2 puan), “Evet, ¢ok fazla” (3 puan) olmak
iizere verilen yanitlarin puanlar1 toplanarak, toplam puana
gore hiperakuzi degerlendirilmektedir. Olgekten almabilecek
en ylksek puan 42°dir. Khalfa hiperakuzi 6lgegi puani 14 veya
15 puanin altindaki puanlar hiperakuzi olmadigimni; 16-28 puan
aras1 alanlar hiperakuzi siiphesi; toplam puani 28 ve {istii olanlar
kesin hiperakuzi, olarak yorumlanmaktadir (Erinc ve Derinsu,
2020).
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istatistik

Elde edilen verilerin analizi igin IBM Sosyal Bilimlerde Istatistik
Paket Programi (SPSS) siirlim 25 programi kullanilmistir. Nicel
verilerin normal dagilima uygunlugu Shapiro-Wilk Testi ile
saptandi. Tanimlayict istatistikler ortalama, standart sapma,
medyan ve hem say1r hem de yiizde degerlerini igermektedir.
Nicel degiskenlerin degerlendirmelerinde, gruplar arasi farklar
degerlendirilirken, veriler normal dagilima uygun oldugu igin
bagimsiz t testi ve ANOVA testi ile degerlendirilmistir. Tinnitus
engellilik 6l¢egi ve konusma, uzamsal ve isitme nitelikleri
6lcegi (SSQ) puanlart arasindaki iligkiyi aragtirmak i¢in Pearson
korelasyon analizi uygulanmig ve korelasyon katsayilari
zayif (<0,3), orta (0,3-0,7) ve giicli (>0,8) olarak kategorize
edilmistir. Degerlendirmelerde istatistiksel anlamlilik diizeyi
p<0,05 olarak kabul edilmistir.

BULGULAR

Aragtirmaya katilmay1 kabul eden katilimeilarin ortalama yasi
30,72+11,48°dir. Katilimcilara dair demografik bilgiler Tablo
1’de verilmistir. Unilateral veya bilateral tinnitus sikayeti olan
113 bireyden 22°si yiiksek sese hassasiyetinin olmadigi, 91’1 ise
oldugunu ifade etmistir. Sag kulaginda tinnitus olan 41 bireyden
10 birey, sol kulaginda tinnitusu olan 24 bireyden ii¢ birey,
bilateral tinnitusu olan 48 bireyden dokuz birey yiiksek sese
hassasiyetinin olmadigini bildirmistir. Unilateral igitme kaybi
olan 20 bireyden hi¢ kimse yiiksek sese hassasiyet bildirmezken,
bilateral igitme kaybi olan 14 kisiden i¢ kisi yiiksek sese
hassasiyet bildirmistir.

Yiksek sese hassasiyeti oldugunu bildiren ve bildirmeyen
katilimeilar arasinda KHO sonucu agisindan anlamli farklilik
bulunamamistir (p=0,380). Yiiksek sese hassasiyeti oldugunu
bildiren bu bireylerden 8’inde kesin hiperakuzi, 32’sinde
hiperakuzi siiphesi oldugu belirlenmistir. Yiiksek sese hassasiyeti
olmadigini bildiren 22 bireyden 8’inde hiperakuzi siiphesi
oldugu bulunmustur. Buna gore tinnitusu olan 113 bireyden

Tablo 1. Demografik bilgiler
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yalnizca 48’inde hiperakuzi oldugu ifade edilebilmektedir.
Ancak, tinnitus ve hiperakuzinin birlikte goriilme siklig1
acisindan katilimcilarin yarisindan daha az kiside hiperakuzi
belirlenmesine karsin, aralarindaki iliskiye bakildiginda pozitif
yonlii korelasyon (Pearson korelasyon=0,647, p=0,000, p<0,05)
bulunmustur. Tinnitus siddeti arttik¢a hiperakuzinin de arttigi
goriilmektedir (Sekil 1).
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oo 1000 20,00 30,00 40,00 50,00
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Sekil 1. Katilimcilari TEO ve KHO arasindaki Pearson korelasyon
analizi (TEO: Tinnitus engellilik 6lgegi, KHO: Khalfa hiperakuzi 6lgegi)

Katilimcilarin TEQ tinnitus siddet diizeylerine gore KHO
puan dagilimlari, hiperakuzi siiphesi ve kesin hiperakuzi olan
katilimeilarin sayisina dair veriler Tablo 2’de verilmistir. Farkli
diizeylerde tinnitus sikayeti olan bireylerde hiperakuzi goriilme
orani %42,47 olarak belirlenmistir.

Isitme kaybinin varhii, tinnitusun tarafi, cinsiyetler aras1t TEO
ve KHO sonuglar igin anlamli farklihk (sirastyla p=0,552,
p=0,014; p=0,483, p=0,279; p=0,235, p=0,277) gdzlenmemistir.
Yiiksek sese hassasiyet siiresi ve tinnitus siiresi ile TEO ve
KHO puani arasinda iliski oldugu tespit edilmis olup yiiksek
sese hassasiyet ve tinnitus siiresi arttikca TEO ve KHO puaniin
artt1g1 belirlenmistir.

N Minimum Maximum Ortalama Std. Sapma
Yas 113 19 65 30,72 11,487
Isitme kayb siiresi (y1l olarak) 113 0 57 2,235 7,3519
Tinnitus siiresi (y1l olarak) 113 0,1 43 3,5044 5,94328
Yiiksek sese karsi hassasiyet (ay olarak) 113 0 500 28,683206 73,7548663
N Yiizde (%)
Hayir 79 69,9
.. Sag kulakta 13 11,5
Isitme Kayb1
Sol kulakta 7 6,2
iki kulakta 14 12,4
Sag kulakta 41 36,3
Tinnitus Sol kulakta 24 21,2
iki kulakta 48 42,5
B . Hayir 22 19,5
Yiiksek Sese Hassasiyet
Evet 91 80,5
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Tablo 2. Tinnitus engellilik 6lgegi tinnitus diizeyine gore KHO puan dagilimlari

TEO KHO
TEQ’ye gore tinnitus "N ) N
diizeyi N Ort+SS (16<KHO puan <27) (KHO puan >28) Ort+SS
Diizey 1 27 5,11+4,56 2 0 6,88+7,62
Diizey 2 27 27,25+8,67 8 0 13,25+5,91
Diizey 3 25 46,64+9,45 11 2 16,40+3,89
Diizey 4 20 64,60+9,34 11 2 19,45+6,45
Diizey 5 14 88,85+2,67 8 4 23,92+2.87
Toplam 113 40,56+27,8 40 8 15,16+8,42

TARTISMA

Bulgularimiz, tinnitus ile hiperakuzi arasinda bir iliski oldugunu
ve tinnitus siddetinin artmasi ile hiperakuzi siddetinin de
arttigin1  gostermektedir. Tinnitus olan 113 katilimcidan 48
kiside KHO’ye gore hiperakuzi tespit edilmis, bunlardan
da siddetli tinnitusa sahip 14 kisiden 12’sinde hiperakuzi
belirlenmigtir. Bir ¢aligmada, tinnitus goriilen bireylerde
hiperakuzinin erken baslangi¢ asamasinda goriildigi ve
hiperakuzinin siddetinin artmasiyla tinnitus arasinda giiclii bir
iliski oldugu varsayilmaktadir (Schecklmann ve ark., 2014).
Hébert ve arkadaslarinin ¢alismasinda, tinnitusu olmayan normal
odyograma sahip bireyler arasinda KHO’den 10’un altinda
puan alanlar %80 iken, tinnitusu olan normal odyograma sahip
bireyler arasinda bu oran %40 olarak belirlenmistir (Hébert ve
ark., 2013). Bahsedilen ¢aligmalar ile ¢alismamizin sonuglari
tutarlilik géstermektedir. Farkli bir ¢alismada hiperakuzi varligi
ile tinnitus rahatsizlig1 derecesi arasinda anlamli bir korelasyon
bulunamamistir; hiperakuzisi olan ve olmayan hastalarda
tinnitus derecesi benzer olarak belirlenmistir. Ayrica bu
calismada tinnituslu bireylerin %18,4’tinde hiperakuzi oldugu
ve hiperakuzisi olan hastalarda tinnitus rahatsizliginin derecesi
hiperakuzisi olmayan hastalarla benzer oldugu belirlenmistir
(Guimaraes ve ark., 2014). Ancak bu aragtirmanin ydntemine
odaklanildiginda, tinnitus ve hiperakuzinin varligi i¢in kendi
hazirladiklar1 bir protokol ve bu rahatsizliklarin derecelerinin
tespiti i¢in Viziiel Analog Skala kullandiklar1 yer almaktadir. Bu
rahatsizliklarin subjektif olmasi ve objektif 6l¢iim yontemlerinin
olmamasi nedeniyle birbiri ile iliskisinin tespitinde zorluklar
yasanmakta ve literatiirde farkli sonuglarin yer almaktadir. Bizim
calismamizda da bu ¢aligmanin aksine tinnitus sikayeti olanlarda
hiperakuzi goriilme siklig1 %42,47 olarak belirlenmistir.

Ceredoth ve arkadaglarinin ¢alismasinda, tinnitus ile hiperakuzi
arasinda gii¢lii bir iligski oldugu ve bu iliskinin siddet arttikca
arttigin1 gostermektedir. Ayrica cinsiyetler arasinda hiperakuzi
goriilme sikligi benzer bulunmustur (Cederroth ve ark., 2020).
Caligmamizda da tinnitus goriilen bireyler i¢in cinsiyetler
arasinda hiperakuzi goriilme siklig1 benzer olarak bulunmustur.
Diger sosyodemografik ozelliklere odaklanildiginda (isitme
kaybinin varligi, tinnitusun tarafi) da gruplar arasinda farklilik
gozlenmemistir. Fakat, tinnitus goriilen bireylerin ¢cogunlugunun
normal isitmeye sahip olmasi ve isitme kaybi olanlarin ise
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birgogunun unilateral isitme kaybina sahip olmasi nedeniyle
saglikli bir karsilagtirma yapilamadig: diistiniilmektedir. Yapilan
bir ¢alismada sensorindral isitme kaybina sahip bireylerde
tinnitus ve hiperakuzi birlikteliginin isitme kaybimi daha da
kétiilestirildigi belirlenmistir (Oztiitk Ozdes ve Beton, 2024).
Calismamizla zit sonuglara sahip olsa da isitme kaybi ve tinnitus,
hiperakuzi iliskisinin daha ayrintili arastirmaya ihtiyag vardir.

SONUC

Hiperakuzi ile tinnitus arasinda bir iligski oldugu, tinnitus olan
bireylerde hiperakuzi siiphesi veya kesin hiperakuzi oldugu;
tinnitus siddeti arttik¢a hiperakuzi siddetinin de arttigi tespit
edilmistir. Tinnitus ve hiperakuzinin bireyde var olma siiresi
arttikca siddetinin de arttig1 belirlenmistir. Son olarak, isitme
kayb1 varlifi, cinsiyet ve tinnitusun tarafinin farklilasmasi
ile tinnitus ve hiperakuzinin birlikteligi arasinda herhangi
bir iligki olmadigi bulunmustur. Ancak katilimci sayisinin az
olmasi, isitme kaybinin derecesinin tespit edilmemis olmasi ve
egitim diizeyleri arasindaki farkliliklarin degerlendirilmemesi
nedenleriyle gelecekteki caligmalar icin 6ncii calisma olmasina
ragmen, hiperakuzi ile tinnitusun gii¢lii iliskisinin tespiti igin
daha fazla ¢alismaya ihtiyag vardir.
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ABSTRACT

Obstructive sleep apnea syndrome (OSAS) is a common breathing
disorder that is characterized by snoring, apnea and hypopnea attacks
as a result of airway obstruction during sleep, and can lead to hearing
loss. Obstructive sleep apnea syndrome can cause complications
in many organ systems associated with ischemia and intermittent
hypoxia that develop with recurrent apnea attacks. Because the
cochlea is highly dependent on the amount of oxygen, repeated apnea
attacks can cause damage to cochlear cells. One study found that
obstructive sleep apnea increases the likelihood of hearing loss by
21%. This study aims to determine the effect of OSAS on hearing and
raise awareness on this issue by compiling studies in the literature
examining the relationship between obstructive sleep apnea syndrome
and hearing loss. In studies conducted with pure tone audiometry
evaluation in individuals with OSAS, it has been reported that hearing
thresholds are higher, especially at high frequencies. In studies
where OSAS patients were evaluated with otoacoustic emission
(OAE) measurement, the results varied, but lower repeatability,
signal-to-noise ratio and amplitude were obtained, especially at
high frequencies. In studies examining auditory brainstem responses
(ABR) in OSAS patients, absolute latencies and interpeak latencies
were often found to be prolonged compared to the control group.
In the audiological evaluation of patients with OSAS symptoms
and suspected hearing loss who apply to the audiology clinic, high-
frequency pure tone audiometry, OAE and ABR measurements,
as well as pure tone audiometry measurements, are thought to be
important for early diagnosis and treatment.

Keywords: obstructive sleep apnea syndrome; hearing; hearing loss
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Obstriiktif Uyku Apne Sendromunda Odyolojik Bulgular

Obstriiktif uyku apne sendromu (OUAS), uyku sirasinda hava yolunun
tikanmas1 sonucu horlama, apne ve hipopne ataklan ile karakterize,
isitme kaybina yol agabilen yaygin bir solunum bozuklugudur. OUAS,
tekrarlayan apne ataklartyla gelisen iskemi ve aralikli hipoksi ile iligkili
olarak birgok organ sisteminde komplikasyonlara neden olabilir. Koklea,
oksijen miktarina olduk¢a bagimli oldugundan dolay1 tekrarlayan apne
ataklar1 koklear hiicrelerde hasara neden olabilir. Yapilan bir ¢alismada
obstriiktif uyku apnesinin %21 oraninda isitme kayb1 olasiligin1 artirdig1
bulunmustur. Bu ¢alisma, obstriiktif uyku apne sendromu ile isitme
kayb1 arasindaki iliskiyi inceleyen literatiirdeki arastirmalar1 derleyerek
OUAS’1n igitme tizerindeki etkisini belirlemek ve bu konuda farkindalik
yaratmay1 amaglamaktadi. OUAS’li bireylerde saf ses odyometri
degerlendirmesi ile yapilan galigmalarda 6zellikle yiiksek frekanslarda
isitme esiklerinin daha yiiksek oldugu rapor edilmistir. Obstriiktif uyku
apne sendromu hastalarinin otoakustik emisyon (OAE) ol¢timii ile
degerlendirildigi c¢aligmalarda sonuglar farklilk gostermekle birlikte
ozellikle yiiksek frekanslarda daha diisiik tekrarlanabilirlik, sinyal-
giiriiltii oran1 ve amplitiid elde edilmistir. Obstriiktif uyku apne sendromu
hastalarinda isitsel beyin sap1 yanitlarmi (ABR) inceleyen galigmalarda
sikhkla mutlak latans ve interpeak latanslarm kontrol grubuyla
kargilastirildiginda uzamig oldugu bulunmustur. Odyoloji klinigine
basvuran OUAS semptomlar1 ve isitme kaybi siiphesi olan hastalarn
odyolojik degerlendirmesinde, saf ses odyometri 6lgiimlerinin yani sira
yiiksek frekansli saf ses odyometri, OAE ve ABR ol¢iimlerinin de erken
tan1 ve tedavi agisndan 6nemli oldugu diisiiniilmektedir.

Anahtar kelimeler: obstriiktif uyku apne sendromu; isitme; isitme kaybi
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INTRODUCTION

Obstructive sleep apnea syndrome (OSAS) is a common between 2—4% in the general population, its prevalence exceeds
respiratory disorder characterized by snoring, apnea and 50% in some countries (Benjafield et al., 2009; Iriz, Diizli,
hypopnea attacks that occur as a result of obstruction of the  Koktiirk, Kemaloglu, Eravel, Kiiiikiinal, & Karamert, 2018).
airways during sleep (Kalathingal, Vijendra Shenoy, Kamath, Additionally, advancing age, male gender and higher body mass
Sriperumbudur, Parvathareddy, Mohan Kumar, & Acharya, index increase the prevalence of OSAS (Senaratnaet al., 2017).
2023)) Although the prevalence of OSAS is stated to vary Obstructive sleep apnea syndrome can cause complications in
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many organ systems, associated with ischemia and intermittent
hypoxia that develop with recurrent apnea attacks (Gozeler &
Sengoz, 2020). There is also evidence that OSAS is a risk factor
for hypertension, stroke and cardiovascular diseases (McArdle,
Hillman, Beilin, & Watts, 2007).

The cochleais highly dependent on the amount of oxygen because
it receives its blood needs from a single terminal arterial source
and has insufficient collateral circulation. Therefore, repeated
apnea attacks can cause damage to cochlear cells. It has also
been reported that reactive oxygen species or free radicals may
form in OSAS, which can damage the cochlea (Kalathingal et
al., 2023). Therefore, it has been reported that cochlear functions
are affected in OSAS patients due to intermittent hypoxemia and
decreased blood oxygen saturations (iriz et al., 2018; Chopra et
al., 2016; Kayabasi, Hizli, &Yildirim, 2019).

In patients with obstructive sleep apnea syndrome, recurrent
apnea attacks may lead to a decrease in oxygen content in the
cerebrovascular circulation and the arteries feeding the cochlea,
resulting in a severe hypoxemic condition (Kalathingal et al.,
2023; Martines, Ballacchino, Sireci, Mucia, La Mattina, Rizzo,
& Salvago, 2016; Deniz, Ciftci, Ersozli, Giiltekin, & Alp, 2016).
This condition may disrupt the conduction of auditory nerve
impulses or cause abnormalities in the central auditory pathways,
resulting in temporary or permanent loss of hearing (Lim et al.,
2023; Kuhn, Heman-Ackah, Shaikh, & Roehm, 2011; Wang et
al.;2022). 1t is also assumed that increased blood viscosity in
these patients may affect the auditory system by causing changes
in microcirculation (Kuhn et al., 2011). A prospective study
conducted in France by Lisan et al. (2020) found that obstructive
sleep apnea increased the likelihood of hearing loss by 21%. It
has also been stated that another possible cause of hearing loss
in patients with severe OSAS may be acoustic trauma resulting
from loud snoring (Kayabasi et al., 2019).

In this study, studies in the literature investigating the relationship
between OSAS and hearing loss were examined and it was
aimed to determine the effect of OSAS on hearing and to raise
awareness on this issue. In this review study, 35 studies published
in PubMed, Web of Science and Scopus electronic databases
between 2010 and 2024 that examined the relationship between
obstructive sleep apnoea syndrome and hearing loss were
examined. Within the scope of this review, since audiological
evaluations differ in studies conducted on OSAS patients, the
findings are given under subheadings according to test batteries.

Pure Tone Audiometry and Speech Audiometry

The studies showed that evaluate the auditory system in patients
with obstructive sleep apnea, it has been observed that both low
and high frequencies are affected (Gozeler & Sengoz, 2020;
Chopra et al., 2016; Kasemsuk et al.;2023). Lee & Lee (2023)
emphasizing that in their studies, moderate and high risk groups
in terms of OSAS showed significantly worse hearing levels than
the low risk group. In this study, they stated that the presence of
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OSAS affected the hearing level. However, Hwang, Chen, Hsu,
& Liu (2011), have reported that the presence of OSAS does
not affect the hearing thresholds of patients. Similarly, Casale,
Vesperini, Potena, Pappacena, Bressi, Baptista, & Salvinelli
(2012) reported that hearing thresholds in patients with OSAS
were within normal limits, but were significantly higher than
those in the control group.

Varying degrees of sensorineural type hearing loss have been
observed in individuals with moderate and severe OSAS in the
literature (Deniz et al., 2016; Kasemsuk et al./2023). In many
studies conducted in patients with OSAS, it has been found that
hearing thresholds are significantly higher, especially at high
frequencies, compared to the control group (Kalathingal et al.,
2023; Martines et al., 2016; Wang et al.,2022; Ekin, Turan,
Arisoy, Gunbatar, Sunnetcioglu, Asker, & Yildiz, 2016; Li,
Chen, Zhang, Liang, Guo, Lu, & Ye, 2020; Matsumura, Matas,
Magliaro, Pedreio, Lorenzi-Filho, Sanches, & Carvallo, 2016;
Chauhan, Guleria, Sharma, Minhas, Dadwal, & Mohindroo,
2022). In a study conducted in severe OSAS patients, it was
reported that high-frequency hearing thresholds worsened,
and this loss was reported to be correlated with the severity
of OSAS (Vorlova, Dlouha, Kemlink, & Sonka, 2016). In a
study conducted in patients with moderate and severe OSAS, a
higher rate of hearing loss (41.66%) was reported, especially at
frequencies of 6-16 kHz (Martines'et al., 2016).

In a study conducted on 794 men between the ages of 40—65, it
was found that the risk of hearing loss in men in the medium and
high-risk OSAS group was significantly increased compared to
the low-risk group, especially at high frequencies such as 4 kHz
(Li, Wang, Cui, Ren, Xin, & Chen, 2022). This can be explained
by the hypothesis that the outer hair cells in the basal region of
the cochlea, responsible for high-frequency hearing, are much
more sensitive to hypoxia than the apical region (Lim et al.,
2023).

Chen, Shen, Lee, Sun, Chen, Chuang, & Li (2021) in their study,
idiopathic sudden sensorineural hearing loss was subsequently
observed in 28 (0.33%) of 8500 patients with OSAS. In the
study, less improvement was found in hearing thresholds after
treatment in patients with OSAS compared to the control group,
especially at higher frequencies (4000 and 8000 Hz). Also Sheu,
Wu, & Lin (2012) found in their study that male patients with
sudden sensorineural hearing loss were more likely to have had
OSAS before than controls. This suggested that OSAS may be
associated with sudden sensorineural hearing loss (Chen et al.,
2021).

It has been assumed in the literature that intermittent hypoxemia
due to OSAS may have negative effects on both speech
discrimination and hearing function. It has been reported in
the literature that average pure tone thresholds and speech
reception thresholds are higher in the OSAS group, and speech
discrimination scores are significantly lower in the severe OSAS
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group (Solmaz, Ekim, & Simsek, 2023). Kayabasi et al. (2019)
in their study, they stated that while high-frequency hearing
thresholds and speech discrimination scores were affected in
individuals with moderate sleep apnea, all hearing functions
were significantly affected in those with severe sleep apnea.
However, there is also a study in which a significant decrease
was observed in speech discrimination scores compared to the
control group, although the hearing thresholds of individuals
with OSAS were within normal limits. These findings suggest
that recurrent hypoxic episodes in OSAS may cause impairments
in the central auditory pathways, even if the hearing threshold is
within normal limits (iriz et al., 2018).

Tinnitus

There are also studies in the literature reporting that the risk of
tinnitus is high in OSAS patients (Martines et al., 2016; Koo &
Hwang, 2017). It has been reported that high-frequency snoring
sound energy, in particular, can cause tinnitus by affecting the
cochlea (Lu, Lee, Lee, & Li,2022). In a study, a tinnitus rate of
31.03% was reported in the mild OSAS group, while a tinnitus
rate of 57.14% was found in the moderate and severe OSAS
group (Martines et al., 2016). In another study examining 115
patients diagnosed with OSAS, the tinnitus prevalence was
found to be 38.26% (Liu, Wang, Hong, & Zhongshan, 2018).
In addition, Hildebrandt, Koehler, Conradt, Hildebrandt, Cassel,
Degerli, & Viniol (2024) reported that the duration of tinnitus
was correlated with the severity of OSAS. A recent meta-
analysis found that the association between sleep apnoea and
tinnitus was not significant for patients with mild or moderate
sleep apnoea, but was significant for patients with severe sleep
apnoea (Gao, Tan, Liu, Chen, & Liu, 2024).

Otoacoustic Emission (OAE) Measurements

In individuals with OSAS, hypoxia may affect outer hair
cell function and cause a decrease in otoacoustic emission
responses. In a study comparing OSAS severity, they reported
that in the OAE test, all patients in the control and mild OSAS
groups passed the test, but 9 of 40 patients in the moderate
OSAS group and 16 of 40 patients in the severe OSAS group
failed the test (Deniz et al., 2016). In another study examining
transient evoked otoacoustic emissions (TEOAE) responses
in OSAS patients, low repeatability and signal-to-noise ratio
(SNR) values were obtained (Casale et al., 2012). In another
study examining the effect of OSAS on TEOAE responses, no
statistically significant difference could be obtained between the
patient and control groups in terms of SNR or amplitude values,
while the repeatability rate was found to be significantly lower
in the study group (Gozeler & Sengoz, 2020). Martines et al.
(2016) evaluated TEOAE responses in severe OSAS patients
and found significantly lower SNR values only at 3 kHz and 4
kHz frequencies.

In the study conducted by Baki (2018), no statistically significant
difference was found between the OSAS group and the control
group in the distortion product otoacoustic emissions (DPOAE)
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values of 1.0 kHz, 1.4 kHz, 2.0 kHz, 2.8 kHz and 4.0 kHz in
the right and left ears. In contrast to this study, other studies in
the literature showed that DPOAE amplitudes were affected in
OSAS patients (Casale et al., 2012; Li et al., 2020). It has been
stated that DPOAE amplitudes are lower at all frequencies in
both ears in individuals with severe OSAS (Matsumura et al.,
2018). Kalathingal et al. (2023) consistent with other studies in
the literature, found that there was no DPOAE response at high
frequencies (4 kHz, 6 kHz, 8 kHz) in 62.5% and 95% of the
moderate and severe OSAS groups, respectively. It is thought
that the significantly lower OAE levels in individuals with
OSAS is due to its relationship with the sensitivity of cochlear
hair cells to blood oxygen levels (Sheu et al., 2012).

Auditory Evoked Brainstem Responses (ABR)

Casale et al. (2012) examined auditory evoked brainstem
responses in OSAS patients in addition to pure tone audiometry
and otoacoustic emission measurement. In this study, they
reported that the mean latencies of waves I, III, and V in
OSAS patients were prolonged compared to the control group,
especially for wave V. When Interpeak Latency (IPL) was
examined, they reported that I-III, -V and III-V IPLs were
significantly higher in OSAS patients compared to the control
group. Similarly, another study reported significant changes in
wave V latency in individuals with OSAS (Matsumura et al.,
2016).

In a study evaluating ABR at 11/s and 51/s stimulation rates,
it was observed that wave I and wave V latencies in the OSAS
group were longer than the control group in both measurements
(Li et al., 2020). Wang, Su, Kong, Pang, & Kang (2016), they
found longer latencies in waves I and V in OSAS patients
compared to the control group. Additionally, in this study, both
wave III and wave V latencies and I-III and I-V interpeak
latencies were found to be longer in male patients with severe
OSAS than in female patients. Simsek, & Aslan (2024) found a
statistically significant difference in 1. wave latency in the right
and left ear between control, moderate OSAS and severe OSAS
groups.

Contrary to these studies, Vorlova et al. (2016) did not detect
significant differences in auditory brainstem responses among
patients in their study in which they grouped their participants
according to OSAS severity. Similar to this study, in a study
conducted in 2019, there was no significant difference in Click-
ABR results between the OSAS group and the control group
in terms of absolute latency (I-1II-V) and IPL (I-1II, II-V).
However, in this study, it was observed that OSAS patients had
longer latency values in speech-ABR than the control group (Fu,
Wang, Liang, Lin, Zhao, Wan, & Fan, 2019).

In the study conducted by KouzoS., Talaat, BahgatY., Zamel,
& Eldeeb (2020), it was reported that both the mean absolute
latencies of waves I, III and V, and the latencies between waves
I-III, I-V and III-V were significantly prolonged in OSAS
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patients compared to the control group. Similarly, Gallina,
Dispenza, Kulamarva, Riggio, & Speciale (2010) observed an
increased I-V wave interval in auditory brainstem responses in
36.5% of OSAS cases.

The significant prolongation of ABR wave latencies and
interpeak latencies observed in OSAS patients is thought to be
a result of chronic intermittent hypoxia causing oxidative stress
and systemic inflammation in the higher auditory pathways
(Lim'et al., 2023).

CONCLUSION

The research showed that obstructive sleep apnea appears to
cause changes in the auditory system and often affects hearing
at high frequencies. It is thought that high frequency pure tone
audiometry, OAE and ABR measurements, in addition to pure
tone audiometry measurements, are important for early diagnosis
and treatment in the audiological evaluation of patients with
OSAS symptoms and suspicion of hearing loss who apply to the
audiology clinic.
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