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Amac¢ 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 Yonetmeni: Eser Sendesen Dr. Ars.Gor.
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
hipofunction. Herdman, S. J. (Ed.), Vestibular Rehabilitation. (3rd ed., pp.360-
375). Philadelphia: FA Davis Company.

Tablolar ve Sekiller

Tablolar yeni bir sayfadan baglanarak verilmelidir ve her bir tablo ayr
bir sayfada olmalidir. Tablo numarasi ve tablo bashg tablonun uUsttinde
kelimelerin bas harfleri buyuk olarak yer almalidir. Gonderilecek olan
tablolar mutlaka Word programinin “Tablo” segenegi kullanilarak
hazirlanmalidir.

Sekiller yeni bir sayfadan baslamali ve her biri ayri sayfalarda verilmelidir.
Sekil, grafik, fotograf ve benzerleri “Sekil”, sayisal degerler ise “Tablo”
olarak belirtilmeli ve metin igerisinde ardisik numaralandiriimalidir. Bir
seklin numarasi ve bagslhgi, kelimelerin bas harfleri biytk olarak, seklin
altinda verilmelidir. Sekil boyutlart 10x10 cm ve 300 dpi ¢ozunurlikte jpg
veya tiff formatinda olmalidir. Ozel baski gerektiren sekil ve fotograflarin
masrafi yazardan alinir. En fazla 5 tablo ve en fazla 5 seklin génderilmesine
ozen gosterilmelidir.

Kisaltmalar ve/veya Semboller

Eger kullaniimalari zorunlu ise, kisaltma ve semboller metin icinde ilk kez
kullanildig1 yerde, , parantez icinde agiklanmalidir. Uluslararasi gecerliligi
olan ve yerlesik kisaltmalar tercih edilmelidir. Birimler, Uluslararasi Birimler
Sistemi (SI: International System of Units)'e gére verilmelidir.




Turkish Journal of

Audiology and Hearing

Research

Tirk Odyoloji ve Isitme Arastirmalari Dergisi

Instructions for Authors

REFEREE REPORTS

The journal has referee evaluation forms for research, review and single-
subject research articles. The referees evaluate Title, Turkish and English
Abstract, Introduction, Method, Findings, Discussion and Suggestions
sections in the direction of these evaluation forms and also make
General Evaluation about the study by examining the Form and Narrative
characteristics of the work. Referee evaluations generally include;
evaluating the specificity of a study, compliance of the research and the
methods used with ethical rules, suitable and consistent presentation of
findings and results, and crosschecking the literature.

The process for publication of the journal is carried out according to

the following steps:

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). These processes

are also consistent with the principles of Principles of Transparency and

Best Practice in Scholarly Publishing (doaj.org/bestpractice). The content

is presented free of charge and “Open Access” on the internet page of the

journal following the completion of the publication process.

1) The work is prepared in Word format and sent to https://dergipark.
org.tr/tr/pub/tjaudiologyandhear.

2) The Editorial Board of the Turkish Journal of Audiology and Hearing
Research, reviews the study material received before acceptance;
works that are not prepared in accordance with the article template
is not evaluated. Writing rules of the journal should be examined in
advance to prepare the article accordingly. The articles that do not
comply with writing rules and format requirements are not taken into
consideration and are returned to the author(s) for rearrangement.
Articles that are appropriate in terms of writing rules and format
requirements are then passed through the plagiarism test. Plagiarism
control is carried out by the Turnitin's iThenticate® program. In the
light of the plagiarism audit report of each work, the editorial board
shares this report with the author(s) when necessary after giving the
final decision. This report may request that the errors in the study to
be corrected by the authors(s) or the study may be rejected.

3) The studies reviewed and accepted by the Editorial Board are sent to
three referees who are field experts to be evaluated in terms of content.
When corrections are requested by the referees, the authors(s) make
suitable revisions within 15 days at the latest, and send the work to
the journal again. The revised work shall be reevaluated if necessary
by the referees who requested amendment or correction. The
publication of the works is decided by the Editorial Board in line with
the opinions of the referees. In case of nonconformity in the opinions
of the referees, the Editorial Board may send the work to another
referee if it deems necessary.

4) The works decided to be published are put in order by the Editorial
Board Secretariat according to the date of submission, and taken
to the last reading process. In this process, the accepted articles are
examined by considering the referees’ recommendations and the
rules of publication.

5) No fees will be paid for the articles decided to be published.

6) The authors are responsible for the views expressed in the works and
for the correctness of the references.

7) The writer responsible for the communication is the author who
performs all kinds of correspondence in the process from the
presentation stage to the publication of the article. The writer
responsible for the communication must submit the “Copyright
Transfer Form” and the “Conflict of Interest Form” after the article is
accepted.

Everyone listed as a writer must meet the authorship criteriarecommended

by ICMJE. The ICMJE suggests that authors meet the following four

criteria (see: http://www.icmje.org/recommendations/browse/roles-and-

responsibilities/defining-the-role-of-authors-and-contributors.html)

1. Substantial contributions to the conception or design of the work; or
the acquisition, analysis, or interpretation of data for the work; AND

2. Drafting the work or revising it critically for important intellectual
content; AND

3. Final approval of the version to be published; AND

4. Agreement to be accountable for all aspects of the work in ensuring
that questions related to the accuracy or integrity of any part of the
work are appropriately investigated and resolved.

The articles submitted for publication must comply with the requirements
of research and publication ethics. The authors acknowledge that the texts
and images they use in printed or electronic format are unique. The legal,
financial and criminal liability in these matters is entirely up to the authors.

The author should state what kind of work (research, compilation, etc.) the
article is. If all or part of a doctoral or master’s thesis is given in the research
article, this must be indicated at the time of application. Additions and/
or deletions can not be made on the articles which are decided to be
published.

MANUSCRIPT PREPARATION

Page Format
The text should be prepared as on A4 size paper with 2.5 cm spaces at all
sides (top, bottom, left, and right), full justified without hyphenation, and
single column.

Text Character
Times New Roman 10 point font should be used in all texts.

Paragraph Format

First line of the paragraph should be 1.25 cm indented. The pre-paragraph
spacing should be 0,6 cm, the post-paragraph spacing should be 0, and
the single line spacing should be selected for the text.

Title Page

The title of the article must be short but descriptive, and consistent with
the purpose. The title should be given both in Turkish and English and
without any abbreviation. In addition, a short title in Turkish and English
fewer than 12 words should be given on the title page.

Complete names, surnames and addresses of all authors should be given
including academic titles, institution of study, contact information, the



Turkish Journal of

Audiology and Hearing

Research

Tirk Odyoloji ve Isitme Arastirmalar Dergisi

clinic, department, institute, hospital or university where the study was
conducted, and a superscript number should be given to each author. The
contact information of the writer responsible for communication should
also be specified. Each author should include contact information, address,
current e-mail address, business phone and mobile phone numbers. If the
text has already been presented elsewhere in summary and/or abstract
form, the scientific meeting, place of presentation, date of publication,
and if published, the information about the publication organ should be
indicated on this page. In addition, if there is an organization supporting
the work submitted to the journal, this organization and the scope of the
support should be indicated on the title page.

SECTIONS OF THE ARTICLE

Title
The title should be typed in 16-point Times New Roman font with bold
characters, single line spacing and centered on the page.

If the work has already been presented elsewhere, or if it is produced from
a project or thesis, an explanation must be given as a footnote (*) at the
end of the page.

Authors’ Names

Authors’ names and surnames should be given in 12-point Times New
Roman font, each author separated by a comma. Institutions of the
authors’ in 10-point Times New Roman font should be given under the
name and surname.

Author titles, e-mail addresses and ORCID id's should be specified as
sub-information in both the “Summary” and “Abstract” sections. Sub-
information should be given in 9-point Times New Roman font, and also
the responsible author should be indicated.

Turkish Summary and English Abstract

There should be at the beginning of each article, a summary in Turkish, an
abstract in English, or if the article is written in another language, also a
summary in that language. These should be written in 10-point size, full
justified, and should not exceed 100-150 words. There should not be any
references in this section.

In the abstract of the articles or the English abstract, the following content
should be included:
+  The state of the problem, the purpose of the study,
+  Information on demographics of the participants and their age,
gender and nationality,
The method/design of the research (especially if it has
methodological specificity),
The basic findings, including the level of statistical significance,
magnitude of effect, and confidence interval,
+  Conclusions, possible effects or implications on practice.

Key Words
At least five, at most seven Key Words should be given with only small
letters and a comma in between.

Main Text
Quantitative and qualitative studies should comprise: Introduction,
Method, Findings, Discussion, and Conclusion sections.

References

The references at the end of the document should start from a new page.
Both in the text and in the literature, the writing rules must be applied in
the book published by the Association of American Psychologists (APA)
(6th ed.) published by the American Psychological Association (see: http://
apastyle.org/index.aspx).

Citations in Text
(Berlin, C. I., 2003) or (Berlin, C. 1. et al., 2003).

Citations at the End of the Document

Examples for an article from a journal

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.

Examples for an chapter from a book

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
hipofunction. Herdman, S. J. (Ed.), Vestibular Rehabilitation. (3rd ed., pp.360-
375). Philadelphia: FA Davis Company.

Tables and Figures

Tables should be given starting from a new page, and each table should
be on a separate page. The table number and title should be placed at the
top of the table, the initials of the words should be upper case. The tables
to be submitted must be prepared using the “Table” option of the Word
program.

Figures should start on a new page, and each one should be on a separate
page. Figures, graphics, photographs and the like should be specified as
“Figure”, numerical lists as “Table”, and each group should be numbered
separately and consecutively in the text. The number and heading of a
figure should be given under the figure in title case. Shape dimensions
must be 10x10 cm and 300 dpi resolution, and in “jpg” or “tiff” format. The
cost of the processing of figures and photographs that require a special
task for printing is taken from the author. Care must be taken that the
manuscript includes no more than 5 tables and no more than 5 figures.

Abbreviations and/or Symbols

If it is necessary to use an abbreviation or symbol, it should be explained
in parenthesis where is used for the first time the text. International
validity and built-in abbreviations should be preferred. Units must be
given according to the International System of Units (SI).

A-VII






Turkish Journal of
‘ Audiology and Hearing
Research

E-ISSN 2667-6877 Tirk Odyoloji ve Isitme Arastirmalar Dergisi

Contents / icindekiler

Volume/Cilt 5 | Issue/Sayi 3 | December/Aralik 2022

RESEARCH ARTICLE / ARASTIRMA MAKALESI

65 Ailede isitme kaybi dykiisii bulanan bebeklerin isitme tarama test sonuclari (gecti-takip-sevk) ve
testlerin erken donemde tamamlanmasinin 6nemi
Hearing loss (passed-follow-up-referral) and the importance of completing the tests in the early period
Nazife ATAGUL BEKTAS

70 “What should be expected success with cochlear implant in school-aged children
who have early and late intervention?”
Erken ve ge¢ miidahale alan okul ¢cagi koklear implantli cocuklarda beklenen basari ne olmalidir? ”
Nuriye YILDIRIM GOKAY, Esra YUCEL

78 Weber testinde kullanilan saf seslerin patoloji yoniinii dogru belirleme oranlarinin arastiriimasi
Determining the correct pathology direction of pure sounds used in the audiometric weber test
Beyza DEMIRTAS, Eser SENDESEN, Merve OZBAL BATUK

REVIEW / DERLEME MAKALESI

83 Neural mechanism, prognosis, and rehabilitation of central auditory processing disorder: a review
Sentral isitsel islemleme bozuklugunun néral mekanizmalari, prognozu ve rehabilitasyonu: bir derleme
Berkay ARSLAN







Turkish Journal of
Audiology and Hearing
Research

©

RESEARCH ARTICLE / ARASTIRMA MAKALESI

Tirk Odyoloji ve isitme Arastirmalari Dergisi

E-ISSN: 2667-6877

TJAHR 2022;5(3):65-69
https://doi.org/10.34034/tjahr. 1115373

Ailede isitme kaybi 6ykiisii bulanan bebeklerin isitme tarama test sonuclari
(gecti-takip-sevk) ve testlerin erken donemde tamamlanmasinin 6nemi

Nazife ATAGUL BEKTAS

Midyat Devlet Hastanesi

o0z

ABSTRACT

Tiim diinyada igitme kayb1 yaklasik %0,1 ile 0,3 insidansina sahiptir.
Bu durumun yaklagik yarisindan genetik nedenler, diger yarisindan ise
¢evresel etmenler sorumlu tutulmustur. Caligmamizda ailesinde isitme
engeli Oykisii bulunan bebeklerin isitme testlerinin yapilmasi, testi
gegemeyen bebeklerin ileri tan1 ve tedavi merkezine sevki saglanarak
erken donemde isitme testlerini yaptirmalari amaglanmugtir.

Caligmaya Midyat Devlet Hastanesi, Yenidogan Isitme Tarama
Unitesinde isitme testleri yapilan 384 bebek dahil edilmistir.
Calismada istatistiksel programlardan olan SPSS v23.0 kullanilmistir.
Arastirmada Tanimlayic1 istatistikler, iligki testleri, Bagimsiz grup
karsilastirmas: istatistiksel testler uygulanmistir. Tiim test sonuglari
0.05 anlamlilik diizeyinde degerlendirilmistir.

Calismanin  bulgulart incelendiginde bebeklerde isitme tarama
sonuglar1 degerlendirildiginde 1. Test sonucunda bebeklerin
%71,3tiniin 1. Testi gectigi, %28,7 sinin takibe alindig;; takibe alman
bebeklerin 2. Test sonucunda %83,9’unun testi gectigi %7’sinin
takibe/sevke alindigi ve %9,1’inin ise 2. Isitme tarama testine
katilmadig1 goriilmektedir.

Yapilan isitme tarama testi sonucunda 475/498= 0,95 yani %95
oraninda bir basar1 elde edilmistir. Calismamizda bebeklerin; Erken
donemde teste alinarak isitme ile ilgili problemlerinin saptanmasi
ve ileri testlerin yapilmasi gereken bebeklerin tespiti ve sevkleri
saglanmustir.

Anahtar kelimeler: isitme engeli, isitme taramasi, igitme tarama
testi, yenidogan, isitme

Hearing loss (passed-follow-up-referral) and the
importance of completing the tests in the early period

It has an incidence of 0,1% to 0,3% in life all over the world. Those
who can help in this regard are due to the reference source. In our
family, it was ensured that the completion tests of the babies whose
family had a disability were carried out, and that those who could not
pass the test performed the tests that could be performed in the early
period for referral.

384 babies in hearing engineering at Midyat State Hospital, Neonatal
Hearing Screening Unit were included in the study. SPSS v23.0, one
of the programs used in the study. It includes Descriptive statistics,
Relationship tests, Independent group comparison in research. All test
results were rated at 0.05 significance.

Evaluation of screening methods of schools in education 1. Test
passed 1. Test passed, 28.7% of them are followed; It is seen that
9.1% of the babies who were followed up were followed/referred to
the 2nd test.

We achieved a success rate of 475/498= 0.95, ie 95%, in the interview
screening test. Test results of babies in our study; Identifying
problems with test development in the early period and completing
referrals where further testing is required.

Key words: hearing impairment, hearing screening, hearing screening
test, newborn, hearing
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GiRIS

Insanlar dis diinyay1 duyular aracihigiyla algilar ve bu sayede
ruhsal, sosyal, zihinsel gelisimini saglar. Duyulardan herhangi
birinin eksikligi, algilamanin bitiinligiinii bozarak sosyal,
zihinsel ve duygusal yasamin etkilenmesine neden olur. Isitme
duyusu bireyin konugmayi &grenmesi ve cevresiyle iletisim
kurabilmesi i¢in zorunludur (Ozbek ve ark., 2011).

[sitme Tarama Protokoliinde bebeklerin taranmasi riskli bebek ve
riski olmayan bebek olarak degerlendirilmektedir. Risk gruplari;
Ailede kalitsal isitme kaybi, Kan degisimi gerektiren diizeyde
endirekt hiperbilirubinemi, Intrauterin enfeksiyon (Toxoplasma,

rubella, CMV, Herpes (TORCH), Kraniyofasial anomaliler,
Disiik dogum agirligt <1500 gr olarak belirtilmistir (Joint
Commitee on Infant Hearing, 1973). Ayrica Bakteriyel menenjit
gecirilmesi, Asfiksi, Diigiik Apgar skoru (1. Dk: 0—4 ya da 5. Dk:
0-6), Glinden uzun siirede mekanik ventilasyon, Sensérinoralve/
ya da iletim tipi isitme kaybi ile iligkili sendromlarin bulgulari,
Ototoksik ilag kullanimi, Yenidogan yogun bakiminda bes
giinden fazla kalmak daha sonra risk grubu olarak eklenmistir.

Bu riks gruplarinda aile kdkeninde genetik etmenlerin oldugu
isitme kaybi klinik olarak sendromik ve sendromik olmayan
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olarak iki gruba ayrilmaktadir. Isitme kaybina baska higbir organ
sistemi ya da laboratuvar bulgusunun eslik etmedigi durumlar
sendromik olmayan igitme kaybi olarak tanimlanmaktadir ve
bu grup genetik kaynakli isitme kayiplarinin yaklasik %70-
80’ini olusturmaktadir. Sendromik isitme kaybi ise geriye
kalan %20-30’luk grubu olugturmaktadir (Kalatzis V ve Petit
C. 1998).

Bu oranlara bakildiginda ailede isitme kayipli bireylerin
olmas1 hikayesinin bebegin isitme testlerinin erken donemde
tamamlanmasinin ne kadar gerekli oldugunu gostermektedir.
Bebeklerin  konusma gelisimleri baslangicta hizla gelisim
gosterir. Altr aylik bebek ¢evreden gelen seslere daha duyarli
hale gelmistir ve bu seslere tepki verebilir. On sekiz aylik bir
bebek ise climle kurma yetisine sahiptir ve basitce istediklerini
anlatabilir (Amin ve ark., 1999). Bebekligin ilk donemlerinde
isitmede herhangi bir problem olmamasi bebegin zeka gelisimi
tizerinde olumlu etkilere sahiptir. Ayni zamanda duygusal
ve sosyal gelisimi i¢in de biiyiik 6nem arz eder (Hepper ve
Shahidullah, 1994).

Avrupa Birligi’ne 1998°de giren yenidogan isitme taramalari
1993’den beri Amerika Birlesik Devletleri’'nde yapilmakta
ve bebeklerde olabilecek olasi bir isitme kaybimin teshisinin
erkenden konulmasi amaglanmaktadir. Yenidogan isitme
kaybinin ilk 3 ay icinde teshis edilmesi ve en geg¢ alt1 aylikken
uygun rehabilitasyon siirecinin baslamasi amaglanmaktadir.
Isitme kaybi goriilen yenidoganlar bu siirecler sayesinde
konusma engelleri olmadan miidahale edildiginden psikolojik
herhangi bir olumsuzluk yasamadan hayatlarina devam
edebileceklerdir (Paludetti ve ark., 2012).

Tirkiye’de ilk kez 2004 yilinda Hacettepe ve Marmara
Universitesi Tip Fakiiltesi Odyoloji Boliimiinde uygulanmaya
baglayan Yenidogan Isitme Tarama programi, 2008 yili
sonrasinda tiim illerimizde uygulanmaya basladi. Tarama orani
2014 yilinda %90,7 civarindaydi. Bu program kapsaminda, 81
ilde 584 merkezde isitme taramasi programi uygulanmaktadir.
Hastanemizde 2011 yilinda isitme tarama testlerine
baslanmistir.

Erken Isitme Tan1 ve Miidahale programlari ile isitme kaybinin
olumsuz etkilerinin Oniine gegilmesi amaglanmaktadir. Bu
programlarin temel amaci, isitme kayipli ¢ocuklarin linguistik
yeterliliklerini ve okuma yazma gelisimlerini en {ist diizeye
cikarmaktir. Dili 6grenmek icin uygun firsatlar verilmeyen
cocuklar, iletisim, okuma, biligsel ve sosyo emosyonel gelisimde
isiten yasitlarinin gerisinde kalmaktadir. Bu alanda meydana
gelen gecikmeler, yetiskinlikte kargimiza daha diisiik bir egitim
diizeyi ve mesleki istihdam problemi olarak ¢ikmaktadir.
(Holden-Pitt ve Diaz,1998; Madel ve Flexer, 2014).

Calismanin problem ciimlesi “Ailede Isitme Kayb1 Oykiisii Olan
Bebeklerin Isitme Tarama Test Sonuglar1 (Gegti-Takip-Sevk)
ve Testlerin Erken Donemde Tamamlanmasinin Onemi”olarak
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belirlenmistir. Genetik olarak isitme kayipli olma olasiliginin
yiiksek oldugu bu risk grubundaki bebeklerin Tarama testlerinin
erken dénemde yapilmasi ve isitme kayb1 siiphesi olan bebeklerin
belirlenip ileri testlerin yapilmasi i¢in referans merkezine
sevk edilmesi, bebegin dil gelisiminin yasma uygun olarak
tamamlanmasi agisindan 6nemlidir. Bu kapsamda arastirmada,
Ulusal Yenidogan Isitme Taramasi Programi kapsaminda
2015-2018 tarihleri arasinda Mardin Midyat Devlet Hastanesi
Yenidogan Isitme Tarama Unitesi’nde, ailesin de isitme engeli
Oykiisii bulunan bebeklerin ilk 1 ay igerisinde igitme tarama
testlerinin yapilip takibe kalan bebeklerin Referans Merkezine
sevkinin yapilmasi ve ileri odyolojik testlerinin ilk 3 ay igerisinde
tamamlanmasi amaglanmistir.

GEREC VE YONTEM

Bu ¢alisma, belirlenen hastanede yenidogan isitme tarama
testi programi kapsaminda igitme taramasi yapilan bebeklerin
dahil edildigi kesitsel ve retrospektif yonteminin kullanildig:
bir ¢aligmadir. Arastirma evrenini Mardin ili Midyat Devlet
Hastanesinde 2015-2018 yillar1 arasinda yenidogan isitme
tarama Unitesinde testleri yapilan ailede isitme engeli Gykiisii
bulunan bebekler olusturmaktadir. Calismamiz i¢in Mardin i1
Saglik Miidiirliigiinden etik izin alinmisgtir.

Arastirma orneklemi ise evren sayisi bilinen dérneklem yontemi
formiili ile hesaplanmis olup Orneklemin 498 kisi olmasi
gerektigi hesaplanmistir. Orneklem sayisinda Yazicioglu ve
Erdogan’in (2004), 0,05 6rneklem hatasi i¢in yiiz milyon kisilik
evren biiytikliigiinden segilmesi gereken 6rneklemin 384 Kkisi
olmast gerektigini hesapladiklar1 tablo referans alinmigtir.
Aragtirmada Saglik Bakanliginin igitme tarama protokoliinde
belirledigi risk faktorlerinden biri olan ailede isitme engeli
bulunan bebekler baz alinmistir. Arastirmada hastane kayitlari
iizerinden yapilan test sayisi, test sonucu, bebeklerin dogum
tarihi, cinsiyeti, dogum sekli gibi degiskenler kullanilmustir.

Aragtirmada veri toplama aract olarak hastane kayitlari
kullanilarak 2015-2018 yillar1 arasinda yenidogan isitme tarama
iinitesinde testleri yapilan isitme engeli dykiisli olan ailelerin

bebekleri iizerinden yapilmistir.

Yenidogan isitme tarama {initemizde Saglik bakanliginin
belirlemis oldugu risk grubu olarak belirlenen bebeklere tarama
ABR (Auditory Brainstem Response) cihazi ile igitme testi
yapilmaktadir. Calismamizda da ABR testi kullanilmistir. Bu
test; bebek uyurken alina-kulak arkasina— kulak 6n kismina
yerlestirilen elekrotlar ve kulak kanalina konulan prob ile
gonderilen 35 dB’lik klik uyaran ile yapilir.

1. testen gegen bebekler normal isitmeye sahip bebek olarak
kabul edilir. 1. testi gegemeyen bebekler 2. teste ¢agrilir, 2. testi
gecerse normal igitme olarak kabul edilir. 2. testi gegmezse ileri
odyolojik testler i¢in Referans merkezine sevk edilir.
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Verilerin Analizi

Verilerin istatistiksel analiz programlarindan olan SPSS v23.0
kullanilarak yapildi. Verilerin ¢6ziimlenmesinde frekans, yiizde,
aritmetik ortalama, standart sapma, minimum, maksimum gibi
tanimlayict istatistiklerden, verilerin analizinde parametrik
testlerden faydalanilmistir. Kategorik iki bagimsiz degisken
arasindaki iligkinin degerlendirilmesinde ki-kare iligki testi,
bagimsiz iki grubun ortalamalar karsilastirilmasinda bagimsiz
orneklem t testi, 2’den fazla bagimsiz grubun ortalamalar
karsilagtirilmasinda Tek Yonlii Varyans (One-Way ANOVA)
testi kullanilmigtir. Tim test sonuglari p<0,05 anlamlilik
diizeyinde degerlendirilmistir.

BULGULAR

Calismaya dahil edilen bebeklerin yas gruplari, dogum sekli ve
cinsiyetine ait bilgiler Tablo 1°de gésterilmistir.

Tablo 1. Kisisel Bilgilerin Dagilimi

n %
Cinsivet Erkek 266 53,4
INnSsI
v Kiz 232 46,6
S 134 26,9
Dogum Sekli czaryen :
Normal 364 73,1
0-15 giin 460 92,4
16-30 giin 15 3,0
Yas gruplar -
31-45 giin 10 2,0
46 giin ve tizeri 13 2,6
Toplam 498 100,0

Bebeklerin %53,4’1 erkek, %46,6°s1 kizdir. %26,9’unun dogum
sekli sezaryen, %73,1’inin dogum sekli normal dogum olarak
goriilmektedir. Bebeklerin yas gruplart degerlendirildiginde;
bebeklerin %92,4’liniin 0—15 giin arasinda, %3 iniin 3145 giin
arasinda, %2’sinin 31-45 giin arasinda ve %2,6’sinin ise 46 giin
iizerinde oldugu goriilmektedir.

Aragtirmada bebeklere yapilan isitme tarama test sonuglari
degerlendirildiginde; 1. test sonucunda bebeklerin %71,3 tiniin
1. testi gectigi, %28,7’sinin takibe alindigi; takibe alinan
bebeklerin 2. test sonucunda %83,9’unun testi gectigi, %7’sinin
takibe/sevke alindig1 ve %9,1’inin ise 2. igitme tarama testine
katilmadig1 goriilmektedir (Tablo 2).

Tablo 2. Yapilan Isitme Tarama Testleri Sonuglarina Gére Dagilimi

isitme Tarama Testi n %
L. TEST Geg‘ti 355 71,3
Takipf 143 28,7
Toplam 498 100,0
Gegti 120 83,9
2. TEST/ SEVK Takip/Sevk 10 7,0
Teste katilmadi 13 9,1
143 100,0

Sonu¢ olarak yapilan isitme tarama testleri sonucunda
475/498=0,95 yani %95 oraninda bir basari elde edilmistir.
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Aragtirmada bebeklerin yaslar1 ve dogum haftalarina ait
tanimlayicr istatistik sonuclart degerlendirildiginde; bebeklerin
ortalama yas1 4,86 giin, minimum 0 maksimum 87 giin olarak ve
ortalama dogum haftasi ise 39,5 hafta olarak, minimum 28. hafta
ve maksimum 42. hafta olarak goriilmektedir (Tablo 3).

Tablo 3. Bebeklerin Yas ve Dogum Haftalarina gére Tanimlayici
istatistik Sonuglar1

N X SS Minimum | Maksimum
Yas (giin) 498 4,86 12,59 0 87
Dogum Haftasi 498 39,51 1,21 28 42

TARTISMA

Diinyada konjenital bilateral isitme kaybmin goriilme siklig1
saglikli yenidoganlarinda yaklasik 1-3/1000; ve yenidogan
yogun bakim {nitelerindeki bebeklerde 2-4/100’dir. Risk
grubundaki goriilme sikligi %1,9 bulundu. Bu insidans
literatiir ile uyumludur. Konjenital isitme kayb1 olan yenidogan
bebekler erkenden tespit edilip tedavi edilmezse, konugma, dil
edinme, sosyal ve biligsel becerilerini gelistirme yeteneklerini
kaybederler (Yilmazer ve ark., 2016). Isitme bozuklugu
olan bebekler erken zamanda teshis ve tedavi edildiginde
konusma gelistirme, dil edinimi, bilissel beceriler ve akademik
performanslar1 gelisebilmektedir (Geng ve ark., 2005).

Evrensel yenidogan isitme taramalarinda hastanelerde dogan
her bebege taburcu olmadan dnce isitme testi uygulanmasi, testi
gegemeyen bebeklerin ise li¢ ay icerisinde gerekli odyolojik
degerlendirmelerinin tamamlanmasi, igitme kaybi tespit edilen
bebeklere alt1 aylik olmadan 6nce isitme cihazi ve 6zel egitim
icin gerekli islemlerin yapilmasi, isitme testinden gegen ancak
isitme kaybi acgisindan risk tasiyan bebeklerin ise takibinin
stirdiiriilmesini benimsemektedir.

Dereceleri bulunan ve hafiften yiiksege dogru gidebilen isitme
kaybi, bebegin gelisim, insanlarla etkilesimini olumsuz etkiler.
Duygusal sikintilar1 da beraberinde getiren isitme kaybi bireyin
ogrenmesinde zorluklar yaratabilmektedir (Belgin, 2003).
Bebekler iizerinde isitme taramalarmin baslamasi 1964 yilinda
Marion Downs’un ¢aligmalarina dayanarak yapilmistir.

1994 yilinda JCIH tarafindan belirlenen onerilere gore tim
bebeklerin ilk ii¢ ayindan dnce isitme kayiplari belirlenmeli altt
aydan once isitme kayipli bebeklere miidahale edilmelidir (Joint
Commitee on Infant Hearing, 1990). Ayrica ‘Yiksek riskli
bebekler, hastaneden taburcu olmadan Once taranmali ve bu
dogumdan sonraki ilk ii¢ ay1 gegmemelidir’ olarak bildirilmigtir
(Joint Commitee on Infant Hearing, 1990).

1999 yilinda ii¢ aydan once isitme kaybinin tanilanmasi, alti
aydan 6nce miidahale hizmetlerine baglamasi 6nerildi (American
Academy of Pediatrics, 1999).
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Calismamizda bebeklerin ortalama tani yast minimum 0
maksimum 87 giin olarak goriilmiistiir.

Taranan 498 yenidoganin (%100) teste katimugstir. 1. teste
katilan bebeklerin %71,3’{inilin testi gegtigi, %28,7’sinin takibe
alindigy; takibe alinan bebeklerin 2. test sonucunda %83,9 unun
testi gegtigi, %7 sinin takibe/sevke alindig1 ve %9,1’inin ise 2.
isitme tarama testine katilmadig1 goriilmektedir. Bu ¢aligmada
bulunan oran, bir aydan 6nce taramanin 6nerildigi oranin (%95)
iistiindedir (American Academy of Pediatrics, 1995).

Buna ¢k olarak, ailelerde diisiikk sosyo-ekonomik durumun
olmasi, aile ve saglik personelin isitme kaybi farkindaliginin
diistik olmasi, ailelerin kullandiklar1 dile ait bilgi verici
materyallerin yeterli olmamasi, takip etmenin dneminin ailelere
dogru sekilde anlatilmamasi ve yenidogan isitme tarama
programlarindan kalan bebeklerin takibini saglanacak yeterli
deneyimli personelin ve malzemenin olmamasidir (American
Academy of Pediatrics, 1995).

Ailede isitme kaybi oykiisii (genetik isitme kaybi) JCIH
tarafindan isitme bozuklugunun risk faktdrlerinden biri olarak
tanimlanmaktadir (Joint Commitee on Infant Hearing, 2013).
Isitme kaybinin etiyolojik insidansiin %50’sinin genetik isitme
kayb1 kaynakli oldugu bildirilmistir (Dobie ve Hemel, 2004).

Hastane kayitlar1 kullanilarak 2015-2018 yillar1 arasinda
yenidogan isitme tarama tlinitesinde testleri yapilan ailede isitme
engeli 6ykiisii olan 498 bebegin bulgu sonuglari goniilliililk esasi
ile Verileri degerlendirme Olcegi, arastirmacinin belirleyecegi
Olcek ile smirlidir.

Testi yapilan bebeklerin teste alinma yaslarina baktigimizda;
bebeklerin ilk ii¢ ay i¢inde taramalarinin tamamlandigini
gormekteyiz buda isitme kaybmin erken donemde tespit
edilmesi agisindan olumludur.

Ulkemizde Riskli bebeklerin takibinde ekipman yetersizligi,
egitimli personel eksikligi ve ailelerin egitim durumunun diigiik
olmasindan dolay1 bebeklerin igitme kayiplarmin tespiti ve
gerekli rehabilitasyonun erken déonemde baslanmasi ¢ok biiyiik
bir zaman kaybina yol agmaktadir. Hastanelerde bu konuda
bilgilendirme brosiirleri bulundurulmasi, hastalarin Referans
merkezlerine gitmelerinin zor olmasindan dolay1 Referans
merkezlerinin artirtlmasi, isitme kaybi tanis1 konulan bebeklerin
isitme cihazlarina ulasiminin  kolaylastirilmasi  hastalarin

yasitlarin1 yakalamasinda zaman kaybini aza indirecektir.
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Calismamizda bebeklerin  ortalama tan1 yast minimum
0 maksimum 87 giin olarak gOriilmiistiir. Taranan 498
yenidoganin (%100) teste katilmistir. 1. teste katilan bebeklerin
%71,3’lnilin testi gegtigi, %28,7’sinin takibe alindigi; takibe
alinan bebeklerin 2. test sonucunda %83,9’unun testi gectigi,
%7’sinin takibe/sevke alindig1 ve %9,1’inin ise 2. Isitme tarama
testine katilmadigi goriilmektedir. Calismamizda %7°lik bir
oranda ailelerinde isitme engeli Oykiisii bulunan bebeklerin
sevk edildigi goriilmektedir. Calismamizin yapildigi Hastane 2.
basamak bir hastane oldugu i¢in ileri tan1 ve tedavinin yapila
bilmesi i¢in gerekli cihazlar olmadigindan bu hastalarin takibi

yapilamamugtir.

Dogumdan gelen, fark edilemeyen veya sonradan fark
edilen isitme kayiplarinda bebegin duyusal gelisimi, sosyal
becerileri, zihinsel aktiviteleri, hayat kosullar1 biiyiikk 6lgiide
etkilenmektedir. Bu nedenle igitme kaybi siliphesi olan bu
bebeklerin Ileri tan1 ve tedavi merkezlerinde takibinin yapilmast
ve gerekli isitme cihazi ile cihazlandirilip, rehabilitasyona
alinmasi saglanmalidir.
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Aim: To evaluate sub-components of language skills in children with
cochlear implant and to emphasize the importance of early diagnosis
and intervention.

Methods: Cochlear implanted children aged 48 to 107 months (n =
70) were included in this study. The children were divided into two
groups based on their diagnosis-intervention timing: those who used
hearing aids and were enrolled in auditory rehabilitation before 6
months, as well as those who had cochlear implants before 24 months,
were in the early group, while the others were in the late group. The
“Test of Language Development Primary Fourth Edition (TOLD-P:
4)” and the “Phoneme Recognition Test (PRT)” were used to assess
language sub-component skills.

Results: The early group’s language performance was considerably
higher than the late group’s. The statistically positive correlations
between PRT and Word Identification, Phonemic Analysis,
Articulation tests were found.

Conclusion: This study demonstrates the importance of early
diagnosis-intervention for hearing loss and that the main success of
cochlear implant should be in all components of language.

Keywords: children, cochlear implant, early intervention, language

Erken ve gec miidahale alan okul cagi koklear
implanth cocuklarda beklenen basari ne olmahdir? ”

Amag: Koklear implantli gocuklarda dil becerilerinin alt bilesenlerini
degerlendirmek ve erken tani ve miidahalenin dnemini vurgulamak
bu galismanin temel amacidir.

Materyal ve metot: Bu calismaya yaslar1 48 ile 107 ay (n = 70)
arasinda olan koklear implanth ¢ocuklar dahil edilmistir. Cocuklar tani-
mildahale zamanlamalarina gore iki gruba ayrilmistir. Erken grupta; 6
aydan 6nce igitme cihaz1 kullananlar, isitsel rehabilitasyona baslayanlar
ve 24 aydan once koklear implantasyon gegirenler yer almaktadir.
Geg grupta ise 6 aydan sonra isitme cihazi ve rehabilitasyon baslangi¢
yasi olup, 24 aydan sonra koklear implantasyon geciren ¢ocuklar
yer almaktadir. Dilin sentaks ve semantik alt bilesenlerine yonelik
becerilerini degerlendirmek icin “Tiirkge Okul Cagt Dil Gelisimi Testi”
ve fonolojik islemleme becerilerinin degerlendirilmesi i¢in “Konusma
Seslerini Tanima Testi” kullanilmistir. Bulgular SPSS programi ile
analiz edilmistir ve tip 1 hata diizeyi 0,05 olarak belirlenmistir.

Bulgular: Erken gruptaki ¢ocuklar dile iliskin tiim alt testlerde geg
gruptaki ¢ocuklara gore daha iyi performans gostermistir. Ayrica;
konugma seslerini tanima becerileri ile kelime tanimlama, fonemik
analiz ve artikiilasyon becerileri arasinda istatistiksel olarak pozitif
korelasyonlar bulunmustur.

Sonug¢: Bu ¢aligma, isitme kayb1 igin erken tani-miidahalenin 6nemini
ve koklear implantin asil basarisinin dilin tiim bilesenlerinde olmasi
gerektigini gostermektedir.

Anahtar Kkelimeler: ¢ocuklar, koklear implant, erken miidahale, dil
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INTRODUCTION
Auditory perception is the response of the auditory pathways to

auditory stimuli by relating sound and object/event (Nerbonne
& Show, 2002). Speech perception, on the other hand, requires
consideration of the different input, which is more sophisticated
and linguistic than other sound sources. The communication
environment, as well as all language components (phonology,
morphology, syntax and semantics, pragmatics), are concerned
with speech perception (Pickles, 2013).

Cochlear implantation and language skills have been interesting
issues for researchers from past to present. According to these
researches, cochlear implantation significantly improved
auditory perception, receptive and expressive language skills (Lu
& Qin, 2018; Scarabello et al., 2020). Apart from comorbidities
or social limitations, a review study revealed that the cochlear
implant (CI) improves hearing and speaking ability (Sharma,
Cushing, Papsin, & Gordon, 2020). The expected success of
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the CI is to be mainly the acquisition of spoken language and
individuals can communicate in this way; however the real
success should be that children successfully use language in
all its components. Because the language is more than just
a spoken language, it also has a complicated structure that
includes semantics, syntax, and pragmatics (Lahey & Bloom,
1988; Smiley & Goldstein, 1998). Therefore, the children with
early cochlear implanted may be able to demonstrate poor
performance in other components of the language even if they are
good at spoken language (Cupples, Ching, Crowe, Day, & Seeto,
2014; Wass et al., 2019). Undoubtedly, the cochlear implanted
child should be able to discriminate the linguistic information
in the acoustic speech signal with regards to lexical, semantic,
phonetic and sociolinguistic cues. Thus, acquisition of a spoken
language in child with CI is insufficient for speech and language
development, academic achievement and communication skills,
and so additional support needs may continue.

Some studies emphasized that lexical skills and auditory-
verbal memory had a strong relationship with morphosyntactic
development, also grammatical knowledge was very important
(Barajas, Gonzalez-Cuenca, & Carrero, 2016; de Hoog et al.,
2016; Yoshida, Takahashi, Kanda, Kitaoka, & Hara, 2017). The
language-based skills such as word recognition, categorization
of words and the object-function relationship became more
difficult for children with hearing loss (Ching, Cupples, &
Marnane, 2019; Delage & Tuller, 2007; McCreery, Walker,
Spratford, Lewis, & Brennan, 2019; Tomblin, Oleson, Ambrose,
Walker, & Moeller, 2014; von Koss Torkildsen, Hitchins,
Myhrum, & Wie, 2019). Although there are studies evaluating
other high-level skills such as reasoning, pragmatics and syntax
in addition to language skills used in daily life in children with
cochlear implants, the current study contributes to the literature
in terms of evaluation tools.

One of the most important issue on cochlear implant is an
improvement in language skills with early diagnosis and
intervention (Shojaei et al., 2016; Yoshinaga-Itano, Sedey,
Wiggin, & Mason, 2018). The temporal processing skills
of cochlear implanted children even with early diagnosis
and intervention are worse than normal hearing peers (Tuz,
Aslan, Boke, & Yiicel, 2020). A study showed that children
were diagnosed more than three months later than the ideal
time and intervention began later (Percy-Smith et al., 2018).
Therefore, many studies have been stated that early diagnosis
and intervention through ideal rehabilitation is vital (Ak¢akaya,
Dogan, Giirkan, Kogak, & Yiicel, 2019; Ching et al., 2017). On
the other hand, there is limited agreement among experts on
the precise meaning of early intervention (Mitchell et al., 2019;
Wenrich, Davidson, & Uchanski, 2019). Although the diagnosis
of hearing loss is much earlier with newborn screening programs,
delays in amplification and rehabilitation support have resulted
in late intervention. Therefore, children’s language development
and other related skills can be still behind the normal hearing
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peers. This study would be useful in terms of contributing to
the literature, since the children used hearing aids before they
were 6 months old and had cochlear implants before the age of
2 years. The present study differs from other similar studies in
terms of age limit for early diagnosis, number of participants and
evaluation methods. Thus, this study aims to guide the experts
studying about hearing loss in terms of rehabilitation.

To the best knowledge of authors, there is little research
focusing on the language sub-components skills of cochlear
implanted children. Especially, although the limited number of
other studies evaluating the sub-components of language with
the test of language development (TOLD), the current study
was aimed to contribute to the literature by adding different
subtests. Many studies, including the current one, aim to
provide better rehabilitation support to children with cochlear
implants and thus provide more holistic language acquisition
as a result. The present study primarily aimed to present a new
perspective in terms of including distinctive evaluations of the
sub-components of language. The second goal of this study
was to demonstrate that the expected success of a cochlear
implant (CI) in these children involves not only acquisition
of daily spoken language but also proficiency in semantics-
syntax components of language. Identifying the weaknesses of
all components of the language and planning the intervention
in this way can provide much better results in the future about
communication, social skills and academic achievement. Thanks
to the findings, the importance of the development of sub-skills
of the language such as phonology, morphology and syntax and
early diagnosis-intervention would be revealed and this would
provide improvements in rehabilitation programs in children
with CI. The final purpose of this study was to shed light on the
development and clinical follow-up in language-based abilities
for experts.

MATERIAL AND METHODS

This study was conducted on Audiology Department of Faculty
of Health Sciences at the University. This study was complying
with the principles of Declaration of Helsinki, and The
University Ethical Committee for Non— Interventional Clinical
Research of the University approved this study with 16969557—
819, GO 17/808 decision number and code. All the children and
their parents agreed to participate in the study and signed an
informed consent.

The study included children who had a cochlear implant in at
least one ear for at least a year and spoke monolingual Turkish.
The children with inner ear or auditory nerve defects, who have
been multi-handicapped, and who are unable to cooperate with
the tests were excluded. The children in the early group received
hearing aids before the age of six months, were enrolled in an
auditory rehabilitation program before the age of six months,
and got their first CI before the age of twenty-four months
(n=34, 15 of them female). The late group included participants
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Table 1. The descriptive criteria of scores on TOLD-P: 4 sub-tests.
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Standard Score 1-3 4-5 6-7 8-12 13-14 15-16 17-20
Descriptive categories Very poor Poor Below-average Average Above average Excellent Very Excellent
Index Score <70 70-79 80-89 90-110 111-120 121-130 >130

who received their first hearing aid after 6 months and acquired
cochlear implants after 24 months (n=36, 18 of them female).
To eliminate crossover, children who received no hearing aids
before the age of 6 months but were implanted before the age of
2 years were omitted. About companies, 40 out of 70 children
had Cochlear, 17 of them Medel and 13 of them Advanced
Bionics. The children were randomly selected according to the
order of the acceptance to the clinic, and no distinction was
made between the CI companies.

The demographic, audiological, and educational data about
the children was collected from families and recorded by the
researcher via a Participant Information Form. This form
includes data on children’s residual hearing, ear side, risk
factors, audiological history, etc. Hearing thresholds of at least
80-90 dB HL in at least two of the frequencies of 125, 250,
and 500 Hz in 27 individuals who were thought to have residual
hearing were accepted in accordance with the pure tone hearing
thresholds and auditory brainstem response findings prior to
cochlear implant surgery. A total of 81 children with CIs were
initially evaluated, but 11 of them were excluded because of the
cooperation problems. The children had free field thresholds
of approximately 20-30 dB HL between 250 and 6000 Hz on
average with their cochlear implants. The ear that had the first
cochlear implant surgery was chosen since it was an experienced
ear. The Turkish version of the “Test of Language Development
Primary Fourth Edition (TOLD-P: 4)” test was used to evaluate
the subcomponents of language (semantics and syntax skills)
and total spoken language performance of children between the
ages of 4 and 8 years and 11 months. The Phoneme Recognition
Test (PRT) was applied to evaluate the phoneme recognition
skills at the level of central auditory processing.

The validity and reliability of the Turkish version of TOLD-P: 4
testswerecompleted,andthetestachieved minimumpsychometric
evaluation standards (Topbas & Giiven, 2017). The TOLD-P:
4 are composed of six core tests (picture vocabulary, relational
vocabulary, vocabulary description, sentence comprehension,
and sentence repetition and morpheme completion) and three
complementary tests (word differentiation, phonologic analysis,
word production). In addition to these, some basic skills are
combined with one another or complementary skills, and
some composite skills such as listening, speech, grammar, and
semantic are achieved. When all of the six sub-test scores are
combined, spoken language score is obtained. At the end of
the evaluation, the final scores obtained and the chronological
age calculated are taken to the relevant table and the scale
scores, percentage values, index scores, descriptive categories
corresponding to each subtest are determined. The scaled score
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is the score obtained after the continuous normalization study
according to the final scores, and thus there is no base effect in
any subtests (Newcomer & Hammill, 1988; Topbas & Giiven,
2017) (Table 1).

The Phoneme Recognition Test (PRT), the standardization of
which was studied by Kiigiikiinal et al. and recommended to be
used for 6 years and older, was used to investigate how phonemes
are perceptually processed at the level of the central auditory
system in children with CI (Katz, Chasin, English, Hood, &
Tillery, 1978; Katz & Tillery, 2004; Kiiclikiinal, 2012). There
are 58 phonemes in the PRT list and the score is determined
by numbers of correct recognitions. The PRT audio file was
presented via CI fitting software to implanted ear side. To our
knowledge, this is one of the first studies by means of direct
stimulation to CIs in terms of presenting audio file, so there
is no need to use a loudspeaker, which helped us avoid from
background noise (Di Nardo et al., 2015; Kurien et al., 2019;
Schmitt, Winkler, Boretzki, & Holube, 2016). The experienced
ear which refers to the ear undergoing first cochlear implant
surgery was tested in bilateral CI users. Table 2 provides the
categories and scores about the number of accurately recognized
phonemes.

Table 2. PRT Standard Scores and Disorder Criteria.

The groups

by standard Number of Accurately
deviation Score Category Recognized Phoneme
+1 SD 49 Normal 49-58
Average 44 Mild 44-48

-1SD 39 Moderate 39-43

-2SD 34 High 29-38

-3 SD 29 Very High 0-28

SPSS version 22 for Windows 7 was used for the statistical
analyses and a p value <0.05 was considered statistically
significant. The variables were investigated using visual
(histogram and probability plots) and analytical methods
(Kolmogorov-Smirnov/ Shapiro Wilk’s test) to determine
whether or not they were normally distributed. Descriptive
analyses were presented using mean and standard deviation
for normally distributed variables. Statistical significance was
analyzed by using an Independent Samples t-test for TOLD-P: 4
sub-test scores and a Mann Whitney U test was used to compare
phoneme recognition test scores between the groups. The
correlation coefficients and their significance were calculated
using a Pearson Correlation test to define the relationship
between scores of TOLD-P: 4 sub-test and PRT.
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RESULTS

The mean age of early diagnosed-intervened groups was
75.71+18.11 months (ranged 48—106 months, 15 of 34 children
were female) and; in the late group, half of children were female,
and the mean age of group was 76.16+18.25 months (ranged 48—
104 months), also there were no significant differences between
the groups. While the age of cochlear implantation was 18.2+5.0
months in the early diagnosed-intervened group, it was 38.0+6.4
months in the late group. The duration of cochlear implant use
was 57.5+£12.8 months in the early diagnosed-intervened group,
while it was 37.8+£10.6 months in the late group (Table 3).

Table 3. Descriptive Statistics of Children in Early and Late Groups.

Early diagnosed- | Late diagnosed-
intervened intervened
Groups/ Variables (n=34) (n=36) p value
0, 0,
Female — Male (n, %) 15, 4;‘5’%9/;’/0_ 19, 18, 520/;2)_ 18, 0.89
Age(inmonthsasmean | 551, 191 76161825 | 075
+ SD)
Age of hearing loss 42+1.8 16.15+7.2 0.001*
diagnosis (in months as
mean + SD)
Age of hearing aid usage 50+09 18.10+ 8.5 0.001*
(in months as mean + SD)
Onset of auditory 51+£04 22.20 + 10.06 0.001*
rehabilitation (in months
as mean = SD)
Age of cochlear 18.2+£5.0 38.0+6.4 0.001*
implantation (in months
as mean = SD)
Duration of cochlear 57.5+12.8 37.8+10.6 0.001*
implant (in months as
mean + SD)

*p <0.05 was considered statistically significant.

According to TOLD-P: 4 sub-test scores the children in early
group had 16% score and the late group had 4.78% score in
picture vocabulary test. For the relational vocabulary test,
26.18% and 6.53% percentages were obtained in the early and
late groups, respectively. For the vocabulary description test, the
results were 31.21% and 9.89%, for the sentence comprehension
test, 18.53% and 2.89%, for the sentence repetition test, 38.29%
and 10.11%, and finally, 19.85% and 3.61% for the morpheme
completion test in the early and late groups, respectively. There
were significant differences in all of the sub-tests between the
groups (Table 4).

Results of PRT on 37 children revealed that 32.4% of them
had mild impairment, 27% had moderate impairment, and 27%
had severe impairment. It was found that 13.6% of participants
performed normally in identifying speech sounds. According to
the Pearson correlation coefficient, there are strong relationships
between PRT and word discrimination, PRT and word production
test (r=0.596 and p=0.000, r=0.658 and p=0.000 respectively). A
correlation was found between PRT and phonemic analysis test,
but it was no statistically significant (r=0.299, p=0.082).
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Table 4. The Values of Sub-Tests According to Early and Late
Diagnosis-Intervention.

Early and Late Diagnosis- Average Standard p
Intervention / scores n score (%) deviation value
. early | 34 16.00 10.660 <
picture vocabulary
late | 36 4.78 4.127 0.001*
relational early 34 26.18 17.107 <
vocabulary late | 36 6.53 4.266 0.001*
vocabulary early | 34 31.21 22.710 <
description late | 36 9.89 8.628 0.001*
sentence early 34 18.53 19.158 <
comprehension late 36 2.89 2.594 0.001*
sentence repetition carly 34 38.29 15430 <
late 36 10.11 7.058 0.001*
morpheme early | 34 19.85 19.788 <
completion late | 36 3.61 2370 0.001*

*p < 0.05 was considered statistically significant.

When the index values of the composite skills between the
groups were examined, a statistically significant difference
was found in the scores of Listening, Organizing, Speaking,
Grammar, Semantic Knowledge, and Oral Language Index
(mean values are shown in Table 5, p<0.001).

Table 5. The Index Scores Obtained in Composite Tests According to
Early and Late Diagnosis-intervention.

Average
Early and Late Diagnosis- index Standard
intervention / index scores | n scores deviation p value
L early 34 80,15 6,091 <0.001*
isienine late 36 6425 7,901 ’
early 34 90,74 6,943
O izati < *
reanization late 36 7225 6893  ~0.001
early 34 85,71 11,129
S h < *
peec late 36 69,64 6,749 0,001
G early 34 87,15 8,610 <0.001*
rammar late 36 70,14 6,388 »
g . early 34 84,91 7,229 <0.001*
ermanties late 36 67,19 6,177 ’
earl 34 86,91 5,775
Spoken y <0,001%
Language late 36 72,00 6,370

*p <0.05 was considered statistically significant.

The descriptive terms explained in Table 1 were analyzed
according to the general score of oral language skills, which was
created by considering all subtests of TOLDP-4. Accordingly,
while two children in the early diagnosis-intervention group
were in the “very poor” category, eighteen children in the late
diagnosis-intervention group were in this category. Similarly, 11
children from the early group were included in the “average”
category in oral language skills, while none of the children
from the late group reached the “average” level (Fig. 1). The
word discrimination and phonemic analysis tests could not be
performed in some children due to cooperation difficulties.
According to this, the mean of word discrimination scores were
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Figure 1. Descriptive Categories of Spoken Language Score

18.914£5.32 in 55 children, 14.6+5.99 points in phonologic
analysis test which could be performed in 47 children, and
18.07+4.40 points in word production test in 70 children. When
the scores obtained from the complementary tests, the scores
were compared with a Mann Whitney U test, and a statistically
significant difference was found between the early and late
groups (For word discrimination test p=0.035, for phonemic
analysis test p=0.027, for word production test p=0.048). Also,
the scores obtained from these three complementary tests were
found to be below the standardized normal scores.

DISCUSSION

This study originated from observations in our clinical
assessments and experiences: 1) that children who have been
implanted with CIs vary in terms of their language skills and
may have poor phonological skills; and 2) very early access
to speech sounds provided by the early cochlear implantation
enables children to develop better language and phoneme
recognition in pre/early school years. Although the total of the
spoken language scores in the current study were higher than a
particular cut off value, children with cochlear implants scored
poorly when sub-skills were tested separately. For example,
the children who had the descriptive term ‘average’ in spoken
language were able to show poor performance in sentence
comprehension and word description tests. This is probably
due to the lack of emphasis on the follow-up and rehabilitation
of high-level language skills after the acquisition of spoken
language, which is sufficient to meet daily needs. Similarly,
numerous researches have been conducted to investigate the
effects of language-based skills on academic accomplishment
and communication skills in the general profile (Nittrouer, Muir,
Tietgens, Moberly, & Lowenstein, 2018; Zhang et al., 2018).
The current findings are consistent with the results of earlier
research that indicate children with CI had lower scores on the
language component skills such as morphosyntactic, semantic
and phonological skills than age-normalized scores (Golestani,
Jalilevand, & Kamali, 2018; Pooresmaeil, Mohamadi, Ghorbani,
& Kamali, 2019). Although the speech perception of children
with CI is developed, it appears that a CI cannot completely
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reflect the physiological characteristics of normal hearing human
ear (Niparko, Kirk, Robbins, Mellon, & Rucci, 2009). As in our
present study, children with CI may perform poorly in skills for
subcomponents of language, even if they are competent in using
overall spoken language to receive the message in general. This
is evident in reading skills, for example, because it is dependent
on a variety of skills such as decoding, understanding spoken
language, and receptive language performance. From this point
of view, children with CI often performed badly in skills such
as word decoding, vocabulary, and speech comprehension
when compared to their normal hearing classmates (Martins,
Queiroga, Rosal, & Cordeiro, 2018; Wass et al., 2019). The
people with mild to severe hearing loss have been demonstrated
clinically significant language impairments, which have
detrimental consequences on phonological processing, receptive
and expressive vocabulary and grammar, and communication
skills (Halliday, Tuomainen, & Rosen, 2017; Penke & Wimmer,
2018). In this context, the results of the current study more
closely reflect the importance of being proficient in language
components skills rather than only spoken daily language.

The phonological processing abilities are impaired as a result
of the decrease in frequency resolution caused by hearing loss
(Bedoin et al., 2018; Marshall et al., 2018). Since the PRT is a
test for assessing the central processing ability of phonologic
recognition, it was investigated whether there was a correlation
with the TOLD-P: 4 sub-tests of word discrimination,
phonemic analysis, and word production. Similar to our current
study, one study also suggested that there was a significant
relationship between TOLD-P: 3 language test and phonological
awareness skills in children with cochlear implants (Soleymani,
Mahmoodabadi, & Nouri, 2016). According to the current
findings, phoneme recognition skills in children with cochlear
implants may be lower in PRT tests due to a certain degree of
impaired tonotopic organization and reduced spectral resolution
in relation to the frequency range of speech sounds (DiNino &
Arenberg, 2018; Grunwell, 1988; Molis & Leek, 2011). There are
two approaches to phonological acquisition that help us explain
this relationship between PRT and language skills; articulation
competence and phonological competence (Grunwell, 1988).
According to the study’s findings, it is more crucial for language
development to understand the placement of the phoneme
inside the word and the meaning it gives to the word than the
articulation of the target sound. As a result, while children with
cochlear implants can articulate the phonemes, they struggle to
understand their meanings at the core level and process them in
words. These findings are consistent with previous research on
the association between phoneme recognition and other skills
(Holt, Lee, Dowell, & Vogel, 2018).

One of the most important points of the study was the definition
of early intervention, which includes not only early diagnosis
but also early usage of hearing aids, rehabilitation programs, and
early cochlear implantation. Because of the infant’s acquisition
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of auditory abilities and exposure to meaningful auditory
stimulation during the critical time is largely responsible for
the development of normal language and speech (Buell &
Coleman, 1979). Thus, the cells and their connections grow
and develop through environmental stimuli. In this case, it can
be said that; “The more diversity of experience and sensory
input, the more cells and connections develop.” In light of this
idea, the vital importance of early diagnosis-intervention has
been once again demonstrated in this study (Akcakaya et al.,
2019; Ching et al., 2017; Colin, Ecalle, Truy, Lina-Granade,
& Magnan, 2017; Mitchell et al., 2019; Novogrodsky, Meir,
& Michael, 2018). Early detection and intervention in hearing
loss, as is well known, is vital for the child to receive auditory
stimuli during the critical time of development, as well as for
the growth of neuronal connections in the structures of the
auditory nerve system. This study also emphasizes the need of
early intervention. There should be no delay before sensory-
neural activation in the auditory system with the use of hearing
aids can begin. Another issue that must be highlighted by early
intervention is that no time is spent in deciding on a cochlear
implant after a hearing aid follow-up. Moreover, unlike adults,
children require more information about the auditory stimuli
in order to process speech as a whole. Their knowledge and
experience are limited in order to complete the auditory stimulus
that is degraded or missing. Therefore, they need to receive
all the auditory information clearly, hence it is very important
that they are implanted at a young age (Thai-Van, Veuillet,
Norena, Guiraud, & Collet, 2010). There have been studies that
illustrate the significance of the age of cochlear implantation
and exposure to speech perception by accessing linguistic clues
(Colin et al., 2017; Novogrodsky et al., 2018; Park, Won, Horn,
& Rubinstein, 2015). Similar to some studies, in our study,
early diagnosed and intervened children were found to be more
successful in the above mentioned skills TOLD-P: 4 subtests and
composite performances (Gallego, Martin-Aragoneses, Lopez-
Higes, & Pison, 2016; Geers & Hayes, 2011). The reasons why
children with CI perform worse than age-normalized scores
in the TOLD-P: 4 tests can be explained by the duration of
deafness. Children may have suffered from irreversible auditory
deprivation prior to receiving a CI. Another issue that must be
addressed within the scope of early intervention is the inclusion
of a successful auditory perception and rehabilitation program
with early amplification as early as possible. Looking at Bleile’s
speech language development stages; (Clark & Clark, 1977) in
order for hearing impaired children to get meaningful sensory
input, earlier auditory perception and rehabilitative support
should be provided (Monshizadeh et al., 2018; Roman, Rochette,
Triglia, Schon, & Bigand, 2016). The current study highlighted
the significance of early auditory rehabilitation strategies once
again.
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As previously stated, there are only a few researches on early
auditory rehabilitation in the literature. To the best of our
knowledge, this is the first study involving children who were
included in the auditory rehabilitation program as early as 6
months of age and beyond. The children in our study frequently
began the auditory rehabilitation program simultaneously with
the use of hearing aids. More experience and comprehensive
auditory perception therapies are required in the early stages
to enhance the association between auditory skills and speech
perception, as well as to create neural connections at the central
auditory pathway.

According to the authors, this is the first study to analyze
the age of diagnosis of hearing loss, age of hearing aid use
and rehabilitation, and age of cochlear implantation all at the
same time in early intervention. Because it is well recognized
that auditory deprivation has a negative impact on language
development, the importance of early intervention must be
considered in children, and expectations from the CI should be
shaped in this perspective.

CONCLUSION

The expected success of CI is generally acquiring and
communicating of language in children, but the main success
is that children successfully use language in all its components
together with language acquisition. This study implies that early
detection and treatment of hearing loss will entirely reveal the
success of CI. The findings indicate that the greatest benefit
from a cochlear implant should be achieved in all language
components. In future research, the association between
cognitive skills and performance in language components
should be studied using a unique cognitive test tool for hearing
impaired children. Acquisition of daily spoken language is
insufficient for school-age cochlear implant users; it is essential
to determine the strengths and weaknesses of language use in
general and plan the rehabilitative program accordingly.
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ABSTRACT

Amac: Bilateral iletim tipi isitme kayipli yetiskinlerde odyometrik
Weber testinde 2504000 Hz arasinda lateralizasyon dogruluk
ytizdelerinin giivenilirligini belirlemektir.

Metod: Bilateral iletim tipi patolojisi olan 18-45 yas arasinda
(64K-72E) 136 bireye saf ses odyometri ve Weber testleri yapilmugtir.
Frekanslar arasi lateralizasyon dogruluklar karsilastirilmisgtir.

Sonuglar: Frekanslar arasi dogruluk oranlari Cochran Q testi ile
karsilastirilmis olup Weber testinde frekanslarin patoloji yoniinii
dogru belirleme acisindan istatistiksel olarak anlamli farklilik
elde edilmistir (p<0,05). Patoloji yoniinii belirlemede dogruluk
orant McNemar testi ile karsilastirildiginda 1000-2000 Hz harig
diger frekanslarda (p=0,01) istatistiksel olarak anlamli fark elde
edilememistir (p>0,05).

Oneriler: Patolojileri dogru belirleme orani en yitksek 1000 Hz’te,
en diisiik ise 2000 Hz’tedir. 250 Hz lateralizasyon dogrulugunda
ikinci yiiksek degerdir. Saf ses odyometri sonuglarini dogrulamak
icin odyometrik Weber testinin 1000 Hz’teki yiiksek dogruluk orani
g6z oniinde bulundurarak 250 Hz dahil olmak iizere diger odyolojik
testlerle birlikte yiiriitiilmesi Onerilir.

Anahtar Kelimeler: isitme kaybi, diyapazon, Weber, lateralizasyon,
iletim tipi isitme kayb1

Determining the correct pathology direction of pure
sounds used in the audiometric weber test

Objective: To determine the reliability of lateralisation accuracy
percentages on the basis of frequency in audiometric Weber testing.
In this study, lateralisation accuracies were compared between 250
and 4000 Hz in adults with bilateral conductive hearing loss.

Method: Pure tone audiometry and Weber tests were performed in
136 individuals aged 18-45 years (64F-72E) with bilateral conductive
hearing loss. Inter-frequency lateralisation accuracies were compared.

Results: Inter-frequency accuracy rates were compared with
the Cochran Q test and a statistically significant difference was
obtained in the Weber test in terms of correctly determining the
pathology direction of frequencies (p<0.05). When the accuracy rate
in determining the pathology direction was compared with the Mc
Nemar test, no statistically significant difference was obtained at
frequencies other than 1000-2000 Hz (p=0.01) (p>0.05).

Conclusions: The highest rate of correct identification of pathologies
is at 1000 Hz and the lowest at 2000 Hz. 250 Hz is the second highest
value for lateralisation accuracy. To confirm pure tone audiometry
results, it is recommended that audiometric weber test should be
performed in combination with other audiological tests, including 250
Hz, considering the high accuracy rate at 1000 Hz.

Keywords: hearing loss, lateralization,

conductive hearing loss

tuning fork, Weber,
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GiRIS

Weber Testi, Iletim Tipi isitme Kayb1 (ITIK) olan bir kulakta
Alman anatomist Ernst Heinrich Weber’in 1825 yilinda
titresimli bir diyapazon ile ses ¢ikartildiginda daha yiiksek
ses algis1 olustugunu bildiren raporuyla ortaya c¢ikmistir
(Albers, 1961). Bu bulgu test haline getirildikten sonra
klinisyenler tarafindan diyapazon g¢atalinin titrestirilerek kafa
kemiklerine koyulmasiyla kullanilmaya baslanmistir (Albers,
1961). Weber ve Rinne testleri gibi diyapazon testleri, ucuz,
uygulanmasi kolay ve igitme kaybini tespit etmede belirli
derecede hassas olduklari i¢in kulak burun bogaz uzmanlari
tarafindan hala yaygin olarak kullanilmaktadir (Kelly, Li ve

Adams, 2018). Yapilan ¢calismalarda diyapazon Weber (TFW)
testinin duyarliligi ve 6zgilligli incelenmis ve bu oranlar
sirastyla %78 ve %99 olarak bildirilmistir (Stankiewicz ve
Mowry, 1979).

Giiniimiizde isitme esiklerinin tespitinde saf ses odyometri
(SSO) altin standart olarak kabul edilmektedir (Abdullah,
Zakaria, Salim, Daud ve Nik Othman, 2022; Wan Mohamad,
Romli, Awang, Lih, Abdullah ve Zakaria, 2020). Tanisal
kullanighiligina ragmen, saf ses odyometrinin bazi siirliliklart
vardir. Ozellikle bu test esnasinda isitme kaybi tipinin tani
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dogrulugunu etkileyebilecek maskeleme hatalart ve yanlis
hava-kemik araliklari meydana gelebilmektedir (Katz, 2015).
Ornegin saf ses odyometride bilateral yiiksek hava kemik
araliklar1 olan bir odyogram kargimiza ¢iktiginda insert kulaklik
kullanim1 olmadiginda asir1 maskeleme meydana gelebilmekte
ve maskelenmis kemik esikleri elde edilemeyebilmektedir
(Katz, 2015). Bu durum yalnizca bilateral iletim komponenti
olan kayiplarda degil, kemik esiklerinin 25 dB’in altinda
oldugu kayiplarda da hatali hava kemik aralif1 olarak ortaya
¢ikabilmketedir. Ozellikle kliniklerde yaygin olarak kullanilan
B-71 kemik vibrator ile beklenenden daha iyi kemik esikleri
tespit edilebilmektedir, ¢iinkii kemik vibrator bilindigi iizere
dogas1 geregi vibrotaktil uyaran olusturmaktadir ((Abdullah
ve ark., 2022). Buna bagh olarak 6zellikle algak frekanslarda
titresimsel uyarana bagli olarak yanlis hava kemik araliklar
belirlenebilmektedir (Boothroyd ve Cawkwell, 1970). Yanlis
hava kemik araliklariin varligi, 6zellikle tek tarafli isitme kaybi
tespit edilen odyogramlarda Weber testinin kullanilmasiyla
“karmagsik” klinik
vakalarin ¢oziimiinde saf ses odyometri ve Weber testlerinin

kontrol edilmektedir. Bu durum bize
kombinasyonun 6nemini gostermektedir. Weber testleri yalnizca
diyapazonla degil; odyometrelerdeki kemik vibrator kullanilarak
da yapilabilmektedir. Odyometrik Weber testi olarak adlandirilan
bu sistem, diyapazon Weber testleri ile karsilagtirildiginda
farkli frekanslarda degerlendirme olanagi saglamasi gibi birgok
avantaja sahiptir (Boothroyd ve ark., 1970; Markle, Fowler Jr,
ve Moulounget, 1952; Sonnenschein, 1933). Ayni zamanda
odyometrik Weber testi ile Ol¢iim yapildiginda, ses seviyesi
istenen siddet seviyelerinde kontrol edilebilir ve alin yiizeyinde
tutarli bir kuvvet olusturabilmektedir (Katz, 2015). Ancak
diyapazon Weber testleri yalnizca 256 ve 512 Hz degerlendirme
yapmaya izin vermektedir (Katz, 2015). Odyometrik Weber
testinin tiim bu avantajlarina ragmen bizim gozlemledigimiz
kadariyla literatiirde frekans bazinda ses lateralizasyon dogruluk
yiizdelerinin odyometrik Weber testi ile arastirildigi bir ¢aligma
bulunmamaktadir. Frekans bazinda lateralizasyon dogruluk
yiizdelerinin elde edilmesinin klinisyenlere yaptiklar1 dl¢timlerin
hangi frekansta daha giivenilir olduguna yonelik bilgi vermesi ve
olas1 yanlis dl¢limleri dnlemek agisindan 6nem arz etmektedir.
Bu nedenle bu ¢alismada 250 ile 4000 Hz arasinda iletim tipi
isitme kaybi olan yetiskin bireylerde lateralizasyon dogruluk
degerlerinin karsilagtiritlmasi amaglanmustir.

TJAHR 2022;5(3):78-82

MATERYAL METOD

Calisma Protokolii

Saf ses odyometri ve odyometrik Weber testleri i¢in Amerikan
Ulusal Standartlar Enstitiisii'ne (ANSI S3.6, 1996) gore diizenli
olarak kalibre iki kanalli bir odyometre (GSI 61, Grason-
Stadler, Inc., ABD) kullanilmistir. Ek olarak, ITIK tanisini
dogrulamak i¢in kalibre edilmis 226 Hz timpanometre (AT235
H, Interacoustics, Danimarka) kullanilmistir. Saf ses odyometri
testi, deneyimli odyologlar tarafindan 6zel, ses gecirmez bir
kabinde gergeklestirilmistir. Hava yolu ve kemik yolu esiklerini
6lgmek icin sirastyla TDH-39 kulakliklar ve B-71 kemik vibrator
kullanilmustir. Belirli frekanslardaki ilgili esikler dB HL olarak
kaydedilmistir. Gerekli maskeleme prosediirleri hem hava hem
de kemik yolu esikleri i¢in uygulanmistir. Caligmaya bilateral
iletim tipi patolojisi olan 18—45 yas arasinda 64 kadin 72 erkek
olmak tizere toplam 136 birey dahil edilmistir. Bireylerin alin
orta hattina B-71 kemik vibrator yerlestirilmistir. Odyometre
kullanilarak 20 dB SL’de 250 Hz, 500 Hz,1000 Hz, 2000 Hz
ve 4000 Hz’te TDH39 kemik vibratorle saf ton sunulmustur
(Thompson, 1974). Calismaya katilan her bireyden sesin
hangi tarafta (sag, sol, orta) oldugunu belirtmesi istenmistir.
Saf ses odyometri ve Weber testleri ayni giin yapilmistir. Tiim
katilimcilarin odyometrik Weber test sonuglar1 kaydedilmis ve
frekanslar arasi lateralizasyon dogruluklar: karsilastirilmigtir.

istatistiksel Analiz

Caligmaya dahil edilecek orneklem biiytikliiglinii belirlemek icin
G*Power programi kullamlmustir. Giig analizine dayal1 olarak, bu
¢alisma minimum, klinik olarak anlamli bir farki saptamak i¢in %5
tip [ hata diizeyi ve %95 gii¢ ile her gruptan 55 katilimci icermelidir.
Verilerin analizinde SPSS 24.0 paket programinda Cochran’s Q
testi, verilerin post hoc analizinde McNemar testi kullanilmistir.
Ikili karsilastirmalarda Bonferroni diizeltmesi kullamlmstir.

BULGULAR

Tiim bireylerin frekans bazinda lateralizasyon dogruluk degerleri
belirlenmistir. 250 Hz’te 104, 5004000 Hz arasinda 136 yetiskin
birey degerlendirilmistir. 250 Hz’te 32 hastanin hava kemik aralig1
bulunmadigi i¢in degerlendirme yapilamamistir. Caligmaya katilan
bireylerin yaslar1 1845 arasinda olup ortalama yas 36+1,8’dir.

Tablo 1, daha kétii isiten kulak igin ortalama hava yolu ve kemik
yolu isitme esikleri ile hava kemik araligini gostermektedir.

Tablo 1. Tiim bireylerin kotii kulak hava ve kemik yolu isitme esikleri ve hava-kemik araliklar

Hava yolu (dB HL) Kemik yolu (dB HL) Hava-kemik arahg:
Frekans (Hz) Ortalama Min. —Maks. Ortalama Min. —Maks. Ortalama Min. —Maks.
250 41 20-85 5 -10-15 37 5-75
500 45 20-85 10 -10-15 41 5-75
1000 42 20-85 12 -10-15 44 5-70
2000 37 20-90 14 0-15 33 0-70
4000 48 20-90 19 5-15 39 0-65
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Tablo 2. Frekanslarin lateralizasyonu belirlemedeki dogru ve yanlis sayilar

TJAHR 2022;5(3):78-82

Frekans (Hz) Yanhs (n) Yiizde (%) Dogru (n) Yiizde (%) Toplam (n) P
250 8 7,7 96 92,3 104

500 16 11,8 120 88,2 136

1000 8 59 128 94,1 136 0,03*
2000 32 23,5 104 76,5 136

4000 24 17,6 112 82,4 136

Tablo 3. Lateralizasyon dogruluk oranlarinin frekanslar arasinda
karsilastirilmasi

Frekans (Hz) n P

500-1000 136 0,38
500-2000 136 0,15
500-4000 136 0,38
1000-2000 136 0,01"
1000-4000 136 0,07
2000-4000 136 0,54
250-500 104 0,57
250-1000 104 0,74
250-2000 104 0,07
250-4000 104 0,12

Kemik yolu esiklerinin tiimii normal smirlar i¢indedir. Tim
frekanslarda hava kemik araligt mevcuttur ve bu aralifin en
yiiksek degerleri 250 ve 500 Hz’te 75 dB’dir.

Ayrica bireylerin 250-4000 Hz arasinda frekanslara gore
lateralizasyon dogru-yanlis sayilar1 Tablo 2°de verilmistir.

Bireylerin frekanslar arasi lateralizasyon dogruluk oranlari
Cochran Q testi ile karsilastirilmis olup elde edilen sonuglar
dogrultusunda Weber testinde kullanilan frekanslarin patoloji
yoniinii dogru belirleme becerisi agisindan aralarinda istatistiksel
olarak anlamli farklilik elde edilmistir (p<0,05).

Frekanslar arasinda bulunan istatistiksel farkliligin hangi
frekansta daha belirgin oldugunu belirlemek amaciyla tim
frekanslar arasinda lateralizasyon dogruluk oranlart McNemar
testi ile karsilastirilmistir. Bulgular Tablo 3’te gdsterilmisgtir.

Patoloji yoniinii dogru belirleme becerisinin frekanslarda ortaya
¢ikardigi dogruluk orami karsilastirildiginda 1000-2000 Hz’te
istatistiksel olarak anlamli fark elde edilmistir (p<0,05).

TARTISMA

Bu caligma saf ses odyometride elde edilen sonuglarla
birlikte
lateralizasyon dogrulugunu karsilastirmak i¢in yapilmistir.

odyometrik Weber testinin frekans bazinda
Aragtirmalarimiza gore bu c¢alismanin, iletim tipi igitme
kaybina sahip bireylerde odyometrik weber testinin frekans
bazinda lateralizasyon dogrulugunu 250-4000 Hz arasinda

karsilastiran ilk ¢aligsmadir.
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Weber testi ile ilgili birgok ¢aligmada testin dogru lateralizasyon
gosterme yetenegini belirtmek icin “duyarlilik”  terimi
kullanilmistir (Kelly ve ark., 2018; Thompson, 1974; Shuman,
Li, Halpin, Rauch ve Telian, 2013). Duyarlilik terimi iletim
tipi igitme kayiplarinda Weber testinin kotii kulagi dogru bir
sekilde tespit etme yetenegini belirtmek igin kullanilabilir.
Ancak bilateral asimetrik iletim tipi isitme kayiplarinda
duyarlilik terimi kotii kulagi tespit etme becerisini belirtmek
icin uygun olmayabilir (Miltenburg, 1994). Dogruluk ise daha
genel bir terimdir ve dlgiilen degerin gergek degere yakinligi
olarak tanimlanmistir (Binder, ve Krska, 2012). Bu nedenle
dogruluk, bu caligmada odyometrik Weber testinin &l¢iim
keskinligini gostermek i¢in kullanilmistir. Bu calismada Weber
testi dogruluk oram1 degerlendirildiginde frekans bazinda
genel dogruluk oranlarmin odyometrik Weber testinde iyi
(>%75) oldugu gozlenmistir. Bu sonuglar odyometrik Weber
testinin bilateral ITIK olan bireylerde hava-kemik araligimi
belirlemede giivenilir oldugunu gdstermektedir. Thompson ve
ark. tarafindan yapilan bir calismada, cesitli isitme kayiplar
olan 185 bireye (12-75 yas aralifinda) odyometrik Weber ve
Rinne testleri (1000 Hz’te) yapilmistir (Thompson, 1974).
Yazar caligmasinda, tek tarafl1 ITIK olan bireylerde odyometrik
Weber testinin dogruluk oranini % 76,5 bulurken bilateral ITIK
olan bireylerde %60 olarak bulmustur. Yazar bu bulgulara
dayanarak, odyometrik Weber testinin tanisal degerinin diisiik
oldugu sonucuna varmigti. Mevcut c¢alismamizin bulgular
ile karsilastirildiginda, Thompson’in ¢alismasinda bulunan
dogruluk sonuglarmin daha diisiik olmasina ¢aligmalar
arasindaki  metodolojik  farkliliklarin ~ sebep olabilecegi
diisiiniilmiistiir. Orneklem sayis1 ve odyometrik &zelliklerdeki
farkliliklar disinda, ¢alismamizda odyometrik Weber testinde
250—4000 Hz arasinda degerlendirme yapilirken, Thompson’in
¢alismasinda sadece 1000 Hz frekansi test edilmistir. Mevcut
literatiire gore, gegmis ¢alismalarda bildirilen diyapazon Weber
testinin dogruluk veya duyarlilik sonuglar1 %80’in altindaydi
(Kelly ve ark., 2018). Calismamizda bulunan sonuglara gore
ise 250—4000 Hz arasinda yalnizca 2000 Hz’te dogruluk orani
%80’in altinda bulunmustur. Diger tiim frekanslarda sonuglar
% 80’in {izerinde bulunmakla birlikte 1000 Hz i¢in bu oran
caligmamizdaki en yiiksek dogruluk orani ile % 94,1 olarak elde
edilmistir. Bu da 2000 Hz haricinde tiim frekanslarda Weber
testinin lateralizasyon sonuclariin oldukca giivenilir oldugunu
gostermektedir. Calismamizda, en diigiik hava kemik araliginin
2000 Hz’te elde edilmesinin sebep olabilecegi diigiiniilmektedir.
Caligmalara bakildiginda, genel olarak daha yiiksek dogruluk
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oranlarmin diyapazon Weber testi kullanilarak 512 Hz’te elde
edildigi goriilmektedir. Shuman ve ark. tarafindan diyapazon
Weber testinin en yiiksek dogruluk oranimnin 250 hastadan 198
inde (%78) tek tarafli ani SNiK(sensorindral isitme kaybi)’li
hastalarda oldugu bildirilmistir (Shuman ve ark., 2013).
Yazarlar daha sonra diyapazon Weber testinin 512 Hz’te saf ses
odyometrinin sonuglarinin giivenilir bir gostergesi oldugunu
belirtmislerdir. Sasirtict bir sekilde yaptiklari bu g¢alismada
tek tarafli ITIK olanlarda diyapazon Weber testinin dogruluk
sonuglar1 daha diigiik bulunmustur (Shuman ve ark., 2013).
Stankiewicz ve Mowry tarafindan yapilan baska bir caligmada,
farkli igsitme kaybi olan hastalar (264 kulak) diyapazon Weber
Testi, Rinne ve Bing testi birlikte degerlendirilerek 256, 512 ve
1024 Hz diyapazonlarin sonuglari karsilastirilmigtir (Stankiewicz
ve ark., 1979). Tek tarafli ITIK olan bireylerde 256, 512 1024
Hz frekanslar1 i¢in diyapazon Weber testinin dogrulugunun
sirastyla %43 %54 ve %46 oldugu belirtilmistir (Stankiewicz
ve ark., 1979). Abdullah ve ark. yaptiklar1 ¢cogunlugu tek tarafli
ITIK olan bireylerden olusan ¢alismada ise diyapazon Weber
testlerinin dogruluk oranlar1 256 Hz’te %81,1 ve 512 Hz’te
%385,1 olarak bulunmustur (Abdullah ve ark., 2022).

Literatiire baktigimizda yapilan ¢alismalarda daha biiyiik hava
kemik araliklar1 olan bireylerde daha kiigiik hava kemik araliklari
olanlara gbre nispeten daha iyi dogruluk sonuglari elde edilmistir
(Kelly ve ark., 2018; Capper, Slack ve Maw, 1987). Mevcut
calismamizda, Abdullah ve ark., yaptiklar1 ¢alismaya benzer
sekilde daha biiyiik hava kemik araliklar1 olan frekanslarda (500
ve 1000 Hz’te) daha iyi lateralizasyon sonuglart bulunmustur.
Bu sonuglara bakarak daha yiiksek hava kemik araliklarinin
ses lateralizasyonunu kolaylastirdigi sOylenebilir. Literatiirde
lateralizasyon keskinligi i¢in kulaklar arasinda yaklasik olarak
2,54 dB kadar fark oldugunda bile algilanabilirken kulaklar
arast hava-kemik araliklar1 daha fazla oldugunda daha iyi
sonuglar elde edildigi belirtilmektedir (Abdullah ve ark., 2022).
Abdullah ve ark. (2022), odyometrik hava esiklerine gore
daha az hava-kemik olan bireylerde diyapazon Weber testi ile
odyometrik Weber testinin sonuglarini karsilastirmiglardir.
Sonuglara gore 250 Hz diyapazon Weber testinde dogruluk
orani %77,7 olarak elde edilmis odyometrik Weber testinde ise
bu oran %88,5 olarak bulunmustur (Abdullah ve ark., 2022). Bu
sonuglar da gostermektedir ki odyometrik Weber testi ile hava
kemik aralig1 az olan hastalarda diyapazon Weber testinden
daha giivenilir ve dogru sonuclar elde edilmektedir. Elde edilen
sonuglarin olasi sebebinin odyometrik Weber testinde siireklilik
saglayan saglayan sabit bir sinyalin odyometrik Weber testine
gore daha kolay uygulanabilir olmasi oldugu diigiiniilmektedir.
Bu nedenle c¢alismamizda frekanslar arasi karsilastirma
yapilirken odyometrik Weber testi kullanilmistir. Abdullah ve
ark., yaptiklar1 ¢caligmada yalnizca 1000 Hz’e kadar odyometrik
Weber testinin sonuglarini bildirmislerdir. Calismamizda ise
4000 Hz’e kadar sonuglar degerlendirilmis olup daha 6nce bu
frekanslar1 degerlendiren bir ¢alismaya rastlanmamustir.
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Sonuglarimizda patolojileri dogru belirleme oraninin en yiiksek
1000 Hz’te, en diisiik ise 2000 Hz te ise oldugu gézlemlenmistir.
Buna sebep olarak calismaya katilan bireylerin hava kemik
araligmin 1000 Hz’te en yiiksek olmasinin olabilecegi
belirtilmektedir. Bu nedenle bundan sonra yapilacak olan
caligmalarda hava kemik araliklarinin tiim frekanslarda esitligi
saglanip yeniden degerlendirilmesiyle faydali sonuglar elde
edilebilecegi diisiiniilmektedir. Ek olarak c¢alismamiza katilan
bireylerin iletim tipi patolojilerine sebep olan patolojiler
cesitlilik gostermektedir. Bu durumun farkli patolojilerde
orta kulak kiitlesi iizerinde meydana gelebilen degisiklikler
nedeniyle sonuclar iizerinde etkisi olabilecegini diisiinmekle
birlikte tek bir patoloji ile yapilacak ¢alismalarin sonuglarimizin
etkinligini daha iyi gosterebilecegi disiiniilmektedir (Behn,
Westerberg, Zhang, Riding, Ludemann ve Kozak, 2007).
Sonuglar odyometrik Weber testinin kliniklerde lateralizasyon
sonuglarmin degerlendirildigi 2504000 Hz arasinda giivenle
kullanilabilecegini ortaya koymaktadir. Genellikle klinik rutinde
degerlendirmelerde sik kullanilmayan 250 Hz frekansinin
bulgularimizda lateralizasyon dogruluk oraninda ikinci en yiiksek
dogruluga sahip olmasi Weber testlerinin degerlendirilmesinde
Klinik
uygulamalarda maskeleme sorunlar1 ve siipheli odyogramlarla

onemli bir yere sahip oldugunu goéstermektedir.
yaygin olarak karsilasildigindan, odyologlarin saf ses odyometri
sonuglarii dogrulamak i¢in odyometrik Weber testini 250 Hz
frekansi da dahil olmak iizere diger odyolojik testlerle birlikte
yiirlitmeleri onerilir.
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ABSTRACT

oz

Central Auditory Processing Disorder is a disorder in which
individuals have normal hearing thresholds, but have difficulty in
linguistic and auditory analysis that requires metacognitive processes,
impaired dichotic listening and sound localization skills are observed.
The neurobiological mechanism underlying the disease is thought
to be immaturity or deficit in the central auditory pathways. In this
study, studies in the literature on the underlying neural mechanism,
prognosis and rehabilitation of Central Auditory Processing Disorder
were evaluated.

Key words: central auditory pathway disorders, auditory pathways,
auditory processing, audiologic rehabilitation

Sentral isitsel islemleme bozuklugunun noéral
mekanizmalari, prognozu ve rehabilitasyonu: bir derleme

Santral isitsel islemleme bozuklugunda bireyler normal isitme
esiklerine sahiptir ancak iist biligsel siirecler gerektiren dilsel ve isitsel
analiz, dikotik dinleme ve ses lokalizasyonu becerilerinde bozulma
gozlenir. Hastaligin altinda yatan norobiyolojik mekanizmanin
santral isitsel yollarda problem ile iliski oldugu diisiiniilmektedir.
Bu c¢alisma, altta yatan noral mekanizma iizerine literatiirdeki
caligmalar ile santral Isitsel Islemleme bozuklugunun prognozunu ve
rehabilitasyonunu degerlendirilmistir.

Anahtar Kelimeler: santral isitme yolu bozukluklari, isitme yollari,
isitsel isleme, odyolojik rehabilitasyon
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INTRODUCTION

Central Auditory Processing Disorder (CAPD) is a disorder that
causes difficulty in analyzing the auditory signals. In this study,
studies in the literature on the underlying neural mechanism,
prognosis and rehabilitation of CAPD were evaluated

Definition of Central Auditory Processing

Central Auditory Processing Disorder (CAPD) is a disorder that
can be observed in both individuals who have normal pure tone
average (PTA) thresholds (< 20 dB HL ) and individuals with
hearing disability whose PTAs are > 20 dB HL The common
symptoms of the disorder are to have difficulty in linguistic
and auditory analysis that requires metacognitive processes,
impaired dichotic listening and sound localization skills
(American Speech-Language-Hearing Association, 2005). The
neurobiological mechanism underlying the disease is thought
to be immaturity or deficit in the central auditory pathways
(Cameron, et al., 2006). Among the effects of CAPD in pediatric
groups and adults, it can be listed as difficulty in listening in noisy
environments, difficulties in academic reading, comprehension
and writing performances, difficulty in musical processing
(frequency, duration, rhythm), and focusing problems.

Neurobiological Mechanism and Prognosis
Top - Down and Bottom - Up Processing

In order to understand central auditory processing more clearly,
it would be more accurate to first examine the processing and
interpretation processes of the acoustic signal. These processes
are known as bottom-up and top-down processing. Top-down
and bottom-up processing are processes that are effective in
central auditory processing. Bottom-up processing includes
the acoustic signals reaching the ear, starting from the outer
ear and reaching the cortical level along the central auditory
pathways. Top-down processing, on the other hand, describes
the interpretation of acoustic signals at the subcortical level,
together with prior information with the activation of executive
cognitive processing.

Anatomically located, a large cortical network, including the
superior temporal gyrus and sulcus, the angular gyrus, and
the prefrontal cortex, is involved in complex listening tasks.
Different studies show that projections are seen in these areas in
Top down processing tasks (Obleser, 2014). Studies conducted
in different groups, such as the elderly or cochlear implant
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users, reveal that projections in these regions are affected in
challenging listening tasks such as phonemic discrimination
and comprehending words embedded in the distorted spectral
structure (Lesicko & Llano, 2017).

Especially the processing of acoustic signals of speech is a very
complex process. In the top-down processing process, many
contexts come into play and cause the acoustic information
heard to be perceived in different ways. These factors are listed
as syntactic, semantic, phonemic and other linguistic factors
(Obleser, 2014). In order for the top-down process to work
effectively, auditory memory and auditory attention must also
be involved in the interpretation of acoustic information. The
lack or absence of any of these auditory mechanisms causes
a disconnection of context between the heard and interpreted
auditory information.

Different studies reveal that when there is any change in the
descending structure, changes are observed in neurons located
in the subcortical region (Bajo & King, 2013; Gilbert & Li,
2013; Stebbings, et al.; Suga, 2012). Neuronal changes are also
observed in temporal and spectral context-dependent responses
(Jones, et al.; 2015).

It is important that both processes work simultaneously for a
correct auditory processing. Bottom-up processing generally
involves acoustic processing of the incoming signal and
generalization of speech characteristics and characteristics.
In top-down processing, it is seen that phonetic, semantic
and syntactic processing have an effect on the upper stages of
perception in the definition process (Shuai & Gong, 2014).

Projection zones

Primary auditory cortex (Heschl’s gyrus [HG]) and planum
temporal activation stand out in the processing of simple
acoustic stimuli such as pure tone (Binder, et al., 1996); There
is activation of the superior temporal gyrus (Binder, et al., 1996)
and anterior superior temporal sulcus in interpreting more
complex stimuli such as speech signals (Binder, et al., 1996;
Sharp, et al., 2004; Specht & Reul, 2003).

The regions responsible for top-down processing are thought to
be the anterior cingulate cortex and the dorsolateral prefrontal
cortex, where higher cognitive processing and goal-oriented
behaviors are controlled (Mithlau M, et al., 2005; Vanneste,
et al., 2010). These regions are also responsible for parts of
auditory attention and play a role in modulation of top down
processing (Voisin, 2006).

The hierarchy of speech signals begins with sensory
processing in the superior temporal gyrus and progresses to
the inferior frontal gyrus, where there are abstract linguistic
and cognitive processing (Binder, et al., 1996; Hickok &
Poeppel, 2007).
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CAPD and Auditory Electrophysiological Tests
Electrophysiological test methods such as MisMatch Negativity
(MMN) and Middle Latency Response (MLR) are the methods
in which CAPD can be observed best. Jerger and Johnson
(1988) claimed that MLR is the most effective auditory evoked
response for diagnosing and understanding CAPD. Studies of
children with learning, speech, and language problems (Schulte-
Korne, et al., 1998); and adults with CAPD (Schulte-Ko6rne, et
al., 2001) or with cortical lesions (Pialarissi, et al., 2007) have
found MLR abnormalities.

Ankmnal-Veeranna et al. (2019) studied on ABR findings
of children with CAPD and their peers with normal hearing
(Ankmnal-Veeranna et al., 2019). Authors claimed that
significantly longer wave I latencies were observed in CAPD
group, while there were no differencies in wave III and V. Use
of ABR for the diagnosis of CAPD is not very common in the
literature due to the lack of evidence.

Many researchers state that evaluations such as MMN or MLR
that will be made during different clinic visits of children
will provide important information about the course of the
disorder (Jirsa, 1992; Martin, et al., 2008). Kraus et al. (1993)
reported that individuals with normal hearing showed congruent
responses in both MMN and behavioral discrimination scores
in tasks such as speech contrast testing after intense training. In
the next study of the researchers, it was observed that there were
generalizations in responses to other stimuli in both MMN and
behavioral listening performance after the training. Menning et
al. (2002) observed improvements in behavioral responses in the
frequency discrimination task, as well as an increase in N1 and
MMN amplitudes, after training on the frequency discrimination
task.

Klein et al. (1995) investigated patients with verbal auditory
agnosia using ABR, MLR, and cortical auditory evoked
potentials. Using an oddball discrimination paradigm, the
researchers presented stimuli to patients in both tonal and
consonant-vowel syllable structures. Their results showed
that patients exhibited normal ABR and MLR responses,
while abnormalities in the CAEP — N1 component were noted
throughout the lateral temporal cortex for both tones and speech
stimuli.

Hayes et al. (2003) used standard ABR protocols and cortical
potentials to examine central auditory pathways in children with
learning disabilities. Cortical responses in the trained group
improved compared to the control group, but there was no
change in ABR responses. In another study, Fujioka et al. (2006)
examined the auditory late latency potentials in children aged
4-6 years and after music education, and they obtained higher
P1 amplitudes after music education.

Cortical Auditory Evoked Potentials (CAEP) is also another
effective way to observe the auditory maturation in hearing
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and listening tasks. Tomlin compared latencies of P1 and N1
waves and their interpeak amplitude in children with CAPD
and children with normal hearing (Tomlin & Rance, 2016).
According to the results, children with CAPD had significantly
increased latencies in both waves by about 10 ms and a decrease
in interpeak P1 - N1 amplitude by about 10 pV.

On the other hand, in studies conducted with participants with
a diagnosis of adult CAPD, it was reported that when speech
stimuli were presented, patients had delayed neural timings for
stimulus onset and offset in brainstem responses (Clinard &
Tremblay, 2013) and that they had reduced amplitudes in gap
detection tasks in cortical responses (Harris, et al., 2012).

Prognosis of CAPD

It is stated, in many state organizations of USA, that the CAPD
battery should be applied after 7 years of age for the definitive
diagnosis. In the pediatric group observed difficulties are as
following;

»  Discriminating speech signals in noise,
» Difficulties in tasks related to auditory memory,
« Difficulties in performing phonemic discrimination,

* Difficulties in temporal fine structure (TFS) analyzes,
which are important acoustic clues in pitch perception and
discrimination in both simple and complex sounds.

In the literature, there are auditory processing studies on different
groups with language acquisition, reading and writing difficulties,
learning and reading comprehension problems. According to
different studies, phonological processing problems observed
in CAPD cause difficulties in acquiring language and learning
skills (Protopapas, 2014). In another study, it was reported that
children with a diagnosis of CAPD also had complaints about
language acquisition, reading, writing and learning (Protopapas,
2014). In another study conducted with children with reading
difficulties, it was observed that the scores of the participants
in the auditory skill tasks were correlated with the false-word
readings they used in the tests measuring their reading skills,
and the reason for this was the lack of phonemic decoding of
speech at younger ages (Protopapas, 2014).

On the other hand, different studies claiming that there is no
significant relationship between temporal processing problem,
which is a dimension of CAPD, and learning skills are observed
in the literature. For example, there have been studies reporting
that the elevated “backward masking thresholds” observed in
children with language problems are not significantly different
from the control group (Bishop, et al., 1999), and studies
reporting that children with developmental language problems
perform better than expected on temporal processing tests
compared to their grammatical or phonological skills (Marshall,
et al.,, 2001). There are also different studies in the literature
stating that children with auditory processing problems do
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not have language or reading difficulties in the long-term
examination (Bishop, et al., 1999).

In adults with CAPD, the most common symptoms are inability
to distinguish speech in noisy environments and difficulty in
phonemic discriminations. Studies conducted with adults with
complaints of listening in noisy environments reveal that they
perform poorer in the applied CAPD test batteries (dichotic
listening, auditory memory, listening in noise test) than the
control group (Obuchi, et al., 2017). In another study, temporal
and spectral processing tests were applied to participants with
dyslexia, one of the most important comorbidities of CAPD,
and it was observed that the participants performed significantly
poorer than the control group (Fostick, et al., 2012).

The most common challenge faced by many clinicians in the
diagnosis of CAPD is the lack of a clear consensus on whether the
disease exists alone or in conjunction with cognitive functions
such as attention and memory. In addition, comorbidities such
as Attention Deficit Hyperactivity Disorder or dyslexia are
also observed in many individuals with a diagnosis of CAPD
(Sharma, et al., 2009). The difficulties experienced by clinicians
in the differential diagnosis of the disease also negatively affect
the treatment process of the patients.

CAPD Treatment and Rehabilitation
CAPD treatment and rehabilitation is shaped by direct and
indirect methods. These;

*  Direct improvement of skill (auditory training, “bottom-
up”)

*  Compensatory strategies (improving metacognitive skills to
compensate for the impairment. “top-down”)

*  Environmental modifications (changing the learning or
communication environment) (Speech-Language-Hearing
Association, 2005)

Among these strategies, direct improvement methods and
compensatory strategies are direct intervention methods. Some
of the Direct Skill Improvement methods include sub-items such
as auditory and phonemic discrimination, temporal dimensions
of hearing, sound localization and lateralization, listening
training for the recognition of auditory patterns.

The main purpose of these treatment methods is to rehabilitate
the damaged auditory dimensions with listening training. Here,
bottom-up, in other words, the rehabilitation of a process that
progresses from the periphery to the central is in question.
Basically, it can be summarized as the training process for
generalization and presenting the correct form of the acoustic
cue that the individual listens incorrectly.

In the second strategy, compensatory strategies, there is
more linguistic and metacognitive rehabilitation with direct
training. In this method, there is the idea of minimizing the
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effects of CAPD by increasing the deficiencies of attention
and consciousness. In this treatment, it is aimed to activate the
central auditory processing in different listening, social and
communication tasks by improving the semantic, phonological
and lexical dimensions of the language. Apart from this, it is
aimed to compensate the negative effects of CAPD in the upper
central pathways with metacognitive purposes such as problem
solving, memory strengthening, and improving organizational
skills. This treatment method aims to change the top down
processing.

Environmental modifications, which are among the indirect
methods, aim to make changes regarding the behavior of the
individual with CAPD in the listening and communication
environment, the acoustic quality of the environment or the
S/R level in the environment. Environmental modification can
be achieved by FM systems, the use of microphones in large
places, which can provide the best condition for the ability to
understand the S/R level in noise, and the placement of sound
absorbing materials in the rooms.

There are different studies in the literature showing the effect
of auditory training programs on CAPD. In one study, children
between the ages of 8 and 14 with a diagnosis of CAPD were
included; After the auditory training given for frequency, duration
and loudness discrimination, MLR C3, Al and A2 amplitudes
were measured before and after the training. According to the
data obtained, an increase was observed in the amplitudes of the
patients after the training (Schochat, et al., 2010). Researchers
also reported that higher scores were obtained after training in
behavioral tests measuring central auditory processing skills,
although this was not one of the aims of the study.

Tremblay et al. conducted auditory training on syllable patterns
in speech and reported that after the training, the syllable
perceptions of the participants improved and their N1 — P2
responses to these stimuli increased (Tremblay et al., 2001). Jirsa,
on the other hand, reported that increased p300 amplitudes were
observed after the auditory training program in children with
CAPD (Jirsa, 1992). In another study, a study was conducted
involving two school children diagnosed with CAPD, and the
effect of auditory training on ABR responses in speech was
examined. According to the data obtained by the researchers,
amplitude and latency values of both patients reached normative
values after auditory training (Krishnamurti, et al., 2013).
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The use of assistive technologies that increase listening skills
in the treatment of CAPD has also started to increase in recent
years. On the other hand, studies involving treatment programs
based only on CAPD are very few. Hornickel et al., in a 2012
prospective study, followed dyslexic children for one year in an
environment where technologies that assisted listening skills
were used and reported that participants had an increase in their
phonological awareness, reading and spelling skills at the end of
one year (Hornickel, et al., 2012).

CONCLUSION

CAPD, which is a common subject of study in many fields such
as audiology, psychology, pediatrics, and speech disorders,
continues to be one of the most striking fields of study in the
field of audiology due to the difficulties in the diagnosis and
rehabilitation process and draws attention to the importance
of audiologists. In neural network, Primary auditory cortex
(Heschl’s gyrus [HG]) and planum temporal activation for
the simple acoustic stimuli and the superior temporal gyrus
anterior superior temporal sulcus for the complex signals are the
regions that are thought to be related to CAPD. Difficulties in
the discrimination of auditory signals may lead to impairment
in language, listening and cognitive tasks in the progression
of disorder. Personalized direct and indirect rehabilitation
approaches and alterations in the auiditory environment are the
existing interventions of the disorder.

Knowing more profoundly about the underlying neural
mechanisms and prognosis with long-term follow-up will enable
clinicians to detect the disease and start early rehabilitation and
to develop more effective therapy techniques in the future.
Its relationship with learning difficulties, specific language
disorders, hearing loss, etc. will also contribute to the treatment
process of these disorders.
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