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Adli Tip Dergisi T.C. Adalet Bakanlhigi Adli Tip Kurumunun res-
mi yaymn organidir. Derginin amaci Adli Tip Kurumunun adli tip
ve bilimler alaninda ¢aligmalar1 desteklemek, pratigi gelistirmek,
bilgi paylasimina katkilarda bulunmak, egitimin ve arastirmanin
devamliligini saglamak seklindeki hedeflerinin gerceklesmesine
yardimci olmaktir.

Adli tip ve bilimler alaninda orijinal aragtirma, derleme, kisa rapor,
teknik not, vaka sunumu, editére mektup gibi orijinal ¢aligmalar
editoriin ve en az iki bagimsiz hakemin degerlendirmesinden
sonra basilmaktadir. Derlemeler davet {izerine yayinlanmaktadir.
Daha 6nce yaymlanmis materyaller kabul edilmemektedir.

Adli Tip Dergisi Nisan, Agustos ve Aralik aylarinda olmak {ize-
re yilda ti¢ kez yaymlanmaktadir. Derginin hedef kitlesi; adli tip
asistanlar1 ve uzmanlari, kriminal alanda c¢alisan polis ve jandar-
ma personeli dahil olmak tizere adli bilimler (toksikoloji, genetik,
adli belge, balistik ve diger) asistanlar1 ve uzmanlari, hakimler,
savcilar, avukatlar, diger tip doktorlari, hemsireler ve bagimsiz
bilirkisilerdir.

Adli Tip Dergisi Tiirk¢e indekslerden “Tiirkiye Atif Dizini” ve
“TUBITAK ULAKBIM Tip Veri Tabani” tarafindan, yabanci in-
dekslerden Crossref, Scilit ve Google Scholar’da dizinlenmektedir.
Adli T1ip Dergisi'ne gonderilen makaleler editor tarafindan 6n in-
celemeye alinip, derginin istemis oldugu 6lgiitleri karsilayan ma-
kaleler yazar ve kurum ismi belirtilmeden en az iki farkli bagimsiz
hakeme gonderilir. Hakemler tarafindan kabul edilen makalelerin
son halleri PDF formati halinde basim éncesi onay igin sorumlu
yazara gonderilir. Sorumlu yazar bilimsel igerik degistirmemek
kaydiyla yazida meydana gelmis her tiirlii maddi hatay: diizelt-
me ile yiikiimliidiir. Sorumlu yazar PDF formatindaki makaleyi
aldiktan sonra, 48 saat igerisinde diizeltme gerekiyorsa dtizeltme-
leri, gerekmiyorsa diizeltme gerekmedigini editor@adlitipdergisi.
com adresine géndermelidir.

YAZI DiLi

Derginin yazi dili Tiirkce ve Ingilizce’dir.

ETIK ve YASAL SORUMLULUK

Yazilarmn bilimsel sorumlulugu yazarlara aittir. Verilen tiim bilgi-
lerin sorumlulugu calismanin yazarlarma aittir. Yaymlanan eser-
ler daha 6nce bagka bir dergide yaymlanmamis veya ayni eserin
benzer formu bagka bir dilde dahi olsa yayinlanmamis olmasi
gerekmektir. Makalede ad1 gegen yazarlarin her birinin yaziya
anlamli bir katkida bulunmus olmasi sarttir. Etik kurul onay1 ge-
reken her tiirlii calismada etik kurul onaymin alinmasi tamamen
yazarlarin sorumlulugundadir. Tiim yazarlarin ¢alismaya aktif
olarak katilmis olmasi gereklidir. Gonderilen yazilarin dergide
yayinlanabilmesi i¢in daha 6nce bagka bir bilimsel yaymn orga-
ninda yaymlanmamis olmasi gerekir. Génderilen yazi daha énce
herhangi bir toplantida sunulmus ise; toplanti ads, tarihi ve dii-
zenlendigi sehir belirtilmelidir.

Makale inceleme siirecinde su kisiler makalelere erisebilir: Edi-
torler, Hakemler, Yaym Kurulu Uyeleri. Bir yaziyla ilgili ayrinti-
larin yazarlarin izni olmadan tictincii bir sahsa iletilebilecegi tek
durum, editoriin ciddi aragtirma suistimalinden siiphelenmesidir.

Yazar olarak listelenen herkesin ICMJE (www.icmje.org) tarafin-
dan onerilen yazarlik kriterlerini karsilamasi istenmektedir. ICM-
JE, yazarlarin su 4 kriteri karsilamasini 6nermektedir:

1. Calismanin icerigine/tasarimina; ya da ¢alisma igin verilerin
toplanmasina, analiz edilmesine ve yorumlanmasma &nemli
katki saglamis olmak

2. Yaz taslagim hazirlamis ya da 6nemli fikirsel icerigin elestirel
incelemelerini yapmis olmak

3. Yazimn yayindan 6nceki son halini gézden gegirmis ve onay-
lamis olmak

4. Calismanin herhangi bir boltimiiniin gegerliligi ve dogrulu-
guna iligkin sorularm uygun sekilde sorusturuldugunun ve
¢oziimlendiginin garantisini vermek amaciyla ¢alismanin her
yoniinden sorumlu olmay1 kabul etmek.

Etik ihlalden siiphesi oldugunda veya bir ihlal iddias: olursa edi-
torler harekete gecmekle yiikiimliidiir. Bu gorev hem yayinlanmis
hem de yayilanmamis makaleleri kapsar. Adli Tip Dergisi, asagi-
daki veya benzeri konularda suistimal iddialariyla karsilastiginda
COPE (Committee on Publication Ethics), (https://publicationet-
hics.org/) akis semalarini uygulamayi taahhdit eder.

1. Tekrar yayindan siiphelenildiginde

2. Intihalden siiphelenildiginde

3. Uydurma verilerden siiphelenildiginde
4. Yazarlik degisikligi taleplerinde
5

Aciklanmamus gikar ¢atismasi durumundan siiphelenildigin-
de

6. Haksiz veya hediye yazarliktan siiphelenildiginde

7. Bir yazida etik probleminden stiphelenildiginde

8. Etik ihlal stiphesi e-posta vb. ile dogrudan haber verildiginde
9. Sosyal medya aracihigiyla etik ihlal siiphesi duyuruldugunda

Adli Tip Dergisine sunulan ¢alismalarda intihal olup olmadigin
intihal.net ve /veya ithenticate yazilimi kullanilarak kontrol edilir.
Benzerlik oranin %25’ten az olmasi beklenir. Benzerlik oraninda
asil olcii, yazarmn atif yapma ve alintilama kurallarin uymasidir.
Benzerlik oran1 %1 goriindiigii halde atif ve alint1 usuliince yapil-
mamussa yine intihal s6z konusu olabilir. Bu agidan atif ve alint1
kurallar1 yazar tarafindan bilinmeli ve dikkatlice uygulanmalidir.

Adli Tip Dergisi, aragtirma ve yaymn etigi konusunda ulusal ve
uluslararas: standartlara baghdir. Basin Kanunu, Fikir ve Sanat
Eserleri Kanunu ile Yiiksekogretim Kurumlar1 Bilimsel Arastir-
ma ve Yaym Etigi Yonergesi, Committee on Publication Ethics
(COPE), Directory of Open Access Journals (DOAJ), Open Access
Scholarly Publishers Association (OASPA) ve World Association
of Medical Editors (WAME) tarafindan yayimnlanan Uluslararasi
Etik Yaymncilik ilkeleri'ni benimsemistir. Ayrica Tiirkiye Editorler
Calistay1 Kararlarina da uymayi taahhtit eder.

Klinik arastirmalarin protokolii ilgili kurumun etik komitesi ta-
rafindan onaylanmis olmalidir. Insanlar {izerinde yapilan tiim
calismalarda, “Yontem ve Geregler” boliimiinde ¢alismanun ilgili
komite tarafindan onaylandig1 veya caligmanin Helsinki lkeler
Deklerasyonuna (https://www.wma.net/policy/) uyularak ger-
ceklestirildigine dair bir climle yer almalidir. Calismaya dahil
edilen tiim insanlarin bilgilendirilmis onam formunu imzaladig:
metin i¢inde belirtilmelidir.

Calismada “Hayvan” 6gesi kullanilmis ise yazarlar, makalenin
Gereg ve Yontemler boliimiinde Guide for the Care and Use of
Laboratory Animals (www.nap.edu/catalog/5140.html) prensip-
leri dogrultusunda ¢alismalarinda hayvan haklarmi koruduklari-
n1 ve kurumlarmin etik kurullarindan onay aldiklarini belirtmek
zorundadir.

Degerlendirme Siireci: Dergiye gonderilen yazilar, ilk olarak
dergi standartlar1 agisindan incelenir. Derginin istedigi formata
uymayan yazilar, daha ileri bir incelemeye gerek goriilmeksizin
yazarina iade edilir. Ttim yazilar énce editor tarafindan 6n deger-
lendirmeye almir; daha sonra incelenmesi icin danisma kurulu
iiyelerine gonderilir. Tiim yazilarda editoryel degerlendirme ve
diizeltmeye basvurulur; gerektiginde, yazarlardan bazi sorular:
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yanitlamasi ve eksikleri tamamlamasi istenebilir. Degerlendirme
sonucu kabul, mindr revizyon, major revizyon ya da ret karari g1-
kabilir. Dergide yaymlanmasina karar verilen yazi basim siirecine
alinir; bu asamada tiim bilgilerin dogrulugu igin ayrintili kontrol
ve denetimden gegirilir; yaym oncesi sekline getirilerek yazarlarm
kontroliine ve onayina sunulur.

Makaleler ¢ift kor danigsmanlik sistemine tabiidir. Yazarlar ya da
hakemler digerinin kimligi ile ilgili bilgi sahibi degildir. Tiim ya-
zilar iki hakem tarafindan degerlendirilir. Yazilarla ilgili son karar
editorler kurulu ve editore aittir.

Yayin Hakk:r: 1976 Copyright Act'e gore, yayimlanmak {izere
kabul edilen yazilarin her tiirlii yaymn hakki dergiyi yayimlayan
kuruma aittir. Yazarlar internet adresinden ulasacaklar1 “Yayin
Haklar1 Devir Formu”nu doldurup, online olarak makale ile bir-
likte gondermelidirler.

CIKAR CATISMALARI

Yazarlar muhtemel ¢ikar ¢atismalari ile ilgili olarak (parasal, ku-
rumsal, danismanlik ve diger) agiklama yapmak zorundadirlar.
Eger yapilan calismada herhangi bir ¢ikar catismasi yok ise bunun
agtk¢a beyan edilmesi zorunludur. Calismanin yapilabilmesi igin
herhangi bir destek alinmigsa (ekonomik ve/veya danismanlik)
bunlarin agik bir sekilde belirtilmis olmasi gerekmektedir. Bu bil-
giler varsa yaym hakki devir formunda belirtilmelidir.

ARASTIRMADA iNSAN DENEKLERIN ve
HAYVANLARIN KORUNMASI

Insan deneklerle yapilan deneyleri bildirirken yazarlar, uygulanan
islemlerin insan deneylerinden sorumlu kurulun etik standartlari-
na (kurumsal ve ulusal) ve 1975’te duyurulan, 2000’de revize edi-
len Helsinki Deklarasyonu'na uygun olup olmadigini belirtmek
zorundadir. Eger arastirmanin Helsinki Deklarasyonu’na uygun
gergeklestirildigi tartismali ise yazarlar yaklasimlarindaki gerek-
ceyi agiklamak ve kurumsal degerlendirme kurulunun ¢alismanin
siipheli yonlerini agik¢a onayladigini kanitlamak zorundadir. Ay-
rica, yazarlar deney hayvanlarmin bakimi ve kullanimu ile ilgili
kurumsal ve ulusal yonergeye uyup uymadiklarini yanitlayabil-
melidir.

YAYIN HAKKI DEVIR FORMU

Yayin hakk: devir formu ¢alismaya katilan her bir yazar tarafin-
dan imzalanmak zorundadir. Bu form imzalandiktan sonra inter-
net tizerinden makale gonderme asamasinda sisteme kaydedilme-
lidir. Dergiye gonderilen yazilara telif hakki 6denmez. Yaymlarin
tiim haklar1 saklhidir; bu dergide yer alan yazlar editoriin izni
olmadan hicbir sekilde yeniden yaymlanamaz ve belli sistemde
arsivlenemez. Adli Tip Dergisi agik erisimlidir ve dergi icerigine
ticretsiz olarak www.adlitipdergisi.com.tr adresinden erisilebilir.

INTERNET UZERINDEN MAKALE GONDERME

Makalelerin hakemler tarafindan hizli degerlendirilebilmesi ve
basimlarindaki gecikmelerin 6nlenebilmesi icin internet tizerin-
den makale gonderme sisteminin tercih edilmesi gerekmektedir.
Makaleler Word dokiimani (*.doc ya da *.docx) veya zengin metin
bicimi (*.rtf) olarak hazirlanarak www.adlitipdergisi.com adre-
sindeki “Online Makale Gonder-Takip Et” sistemini kullanarak
gonderilmelidir.

Makale igin iletisim kurulacak tiim yazarlara gerekli bilgileri yaza-
rak kay1t olmalarini takiben bir sifre ve kullanici ad1 saglanacaktir.
Bu sifre ve kullanic1 adi ile makale génderme sistemine kayit ol-
duktan sonra, yazarlarin sistemin yonergelerini dikkatlice okuyup
tiim bilgileri eksiksiz kaydetmeleri gereksiz gecikmelerin 6niine
gececektir. Ttim sekil tablo ve gerekli goriilen ek dokiimanlar da
ayn1 adrese gonderilmelidir. Internet iizerindeki sistemi kullanan
yazarlar ayn sistem tizerinden telif hakki devir formunu, finansal

formlar: ve gonderilen yazinn tipine gore asagida belirtilmis yo-
nergelere uygun kontrol formunu (checklist) gondermelidir.

MAKALENIN DERGIYE GONDERILMEK UZERE
HAZIR LANMASI

“ADLI TIP DERGISI” “Biyomedikal Dergilere Génderilen Maka-
leler icin Gerekli Standartlar”a uygun olarak yayn kabul eder (In-
ternational Commitee of Medical Journal Editors: Br Med ] 1988;
296: 401-5).

Makalenin gonderilmesi sirasinda yazarlar deney/aragtirma ti-
pini belirtmelidirler ve istatistik uygulamalarin Bailar JC III ve
Mosteller F.tarafindan yazilan “Guidelines for statistical reporting
in articles for medical journals: amplifications and explanations”
(Ann Intern Med 1988;108:266-73) kilavuzuna uygun olmasi ge-
rekmektedir.

SISTEME YUKLENECEK DOSYALAR
(* Isaretli dosyalar yiiklenmesi zorunlu dosyalardir)

1. *Telif Hakki Devir Formu (Yalnizca editdriin gorebilecegi
dosyadir). Tiim yazarlar tarafindan imzalanmis olmalidir.

2. *Baslik Sayfasi (Yalnizca editoriin gorebilecegi dosyadir):

e Tiim yazarlarin tam isimleri (Soyisimler biiyiik harfle
yazilarak), akademik unvanlari, calistiklar1 kurum ve
departman bilgileri, elektronik posta adresleri ve telefon
numaralari belirtilmelidir. Bu bilgiler ayrica ayni1 dosyada
Ingilizce olarak da belirtilmelidir.

e lletisim kurulacak yazar net olarak belirtilmelidir.

® Bu belgenin ikinci sayfasinda makale icindeki bilgilerin
herhangi bir kismmin daha 6nce herhangi bir sekilde ya-
yinlanip yayinlanmadigr (kongre, sempozyum, medya
haberi vb) veya degerlendirilmek iizere baskaca bir aka-
demik dergiye gonderilip gonderilmedigi bildirilmelidir.
Calisma igin etik kurul karar1 alinip alinmadigi veya insan
deneyleri ile ilgili 2000 yilinda giincellenen Helsinki Bil-
dirgesi'ne uyulup uyulmadig: belirtilmelidir, aksi durum-
lar agiklanmalidir.

3. *Tam Metin Dosyasi:

* Bu dosya hakemlere gonderilecek olup incelemenin ano-
nimligi acisindan kisi, kurum ya da ¢alismanin yapildig:
lokasyon bilgilerini icermemelidir. Calisma bir sehir icin
spesifik olarak yapildi ise (Orn: Istanbul ilinde adli otopsi-
ler) yiiklenecek dosyada sehir ismi yerine “XXX ilinde adli
otopsiler” seklinde belirtilmelidir. Bu durum makalenin
bashg igin de gegerlidir.

e Makalenin kaynakgas: tam metin dosyasmnda bulunmali-
dir. Ayri bir dosya olarak ytiklenmemelidir.

e Tablo, sekil ve resimler tam metin dosyasinda degil ayrica
asagidaki maddelerdeki yonergelere uygun sekilde yiik-
lenmelidir.

*  Yazlar, “Word for Windows” programinda, iki satir ara-
likl1 olarak ve 12 punto Times New Roman fontu kulla-
nilarak yazilmali, her sayfanin iki yaninda 3 cm bosluk
birakilmahdir.

e Sayfa numaralar: sayfanin sag alt kdsesinde ve 1’den bas-
layarak verilmelidir.

4. Tablolar Dosyas1: “Word for Windows” programinda hazirlan-
mis olmali, her tablonun numarasi ve baglig: tablonun tist kismia
gelecek sekilde yazilmali ve belgenin her sayfasina bir tablo gele-
cek sekilde diizenlenmelidir (Bir sayfay: asan tablolardan miim-
kiin oldugunca kaginilmali, zorunlu kalindiginda bir sonraki tablo
yeni bir sayfada baslatilmalidir).

Adli Tip Dergisi - Cilt 38, Sayi: 3

vii



http://www.adlitipdergisi.com.tr
http://www.adlitipdergisi.com

DERGI HAKKINDA

5. Resimler: Her resim ayr1 dosyalar halinde tiff, png ya da jpeg
formatlarindan birisi segilerek yiiklenmelidir. Her bir resim mini-
mum 300 dpi ¢oztintirlitkte olmalidur.

6. Sekiller Dosyast: Iliistrasyonlar, grafikler ve tiim sekiller 6zgiin
olmali ve tablolar dosyasinda oldugu gibi her bir sekil ayr1 sayfa-
larda olacak sekilde diizenlenmelidir. Her bir seklin numarasi ve
agikla mast seklin altinda ve ardisik olarak yiiklenmelidir. (Orn:
Sekil 1. XXX ilinde 2015 yilinda yapilan otopsiler)

7. Tablolar, sekiller ve resimler indeksi: “Word for Windows”
programinda hazirlanmali ve ¢alismada sunulan tiim tablo, sekil
ve resimler ardisik sirayla yazilmalidir. Tablolar i¢in tablo numa-
rasi ile baslik, sekil ve resimler i¢in sekil /resim numaras: ve agik-
lamast belirtilmelidir.

Bu dosyalarda eksiklik olmasi durumunda yazi, yazara geri ¢evri-
lerek eksikliklerin giderilmesi istenileceginden makalenizin hazir-
lanmasi asamasinda, degerlendirmede gecikme yasanmamast icin
kilavuzda belirtilen ayrintisi ile gozden gecirilmesi gerekmektedir.

MAKALENIN YAPISI

* Arastirma Makaleleri ve Deneysel Calismalar [Yapilan-
dirilmis Ozet], [Giris], [Materyal ve Metod], [Bulgular],
[Tartisma ve Sonug] ve [Kaynaklar] baghiklarindan olus-
malidir. Bu makalelerin kelime sayis1 5000 ve kaynak sa-
yis1 40'tan fazla olmamalidir.

e Vaka Sunumlan [Giris], [Vaka 1, Vaka 2, ....], [Tartisma
ve Sonug] ve [Kaynaklar] bagliklarindan olugsmalidir. Keli-
me sayis1 2500 ve kaynak sayis1 15’1 gegmemelidir.

e Derlemeler [Ozet], [Giris], [Konu Biitiinliigii Cercevesin-
de Secilecek Alt Basliklar], [Tartisma ve Sonug] ve [Kay-
naklar] basliklarindan olusmalidir. Kelime sayis: 8000 ve
kaynak sayis1 100"ii gegmemelidir.

e Editore Mektup ve Teknik Not [Giris], [Konu Biitiinltigii
Cergevesinde Segilecek Alt Bagliklar], [Tartisma ve Sonug]
ve [Kaynaklar] basliklarindan olusmalidir. Kelime sayis1
1500 ve kaynak sayis1 10'u gegmemelidir.

Ozet

Tiirkge yazilmis tiim makalelerin ek olarak Ingilizce 6zeti de ol-
malidir. Ingilizce yazilmis makaleler igin sadece Ingilizce yazilmis
Ozet yeterlidir. Arastirma makalelerinin 6zetleri Amag, Yontem-
ler, Bulgular ve Sonug boliimlerinden olusmalidar. 1ngilizce Ozette
ise Objective, Methods, Results ve Conclusion bagliklar1 kullanil-
malidir. Orijinal makalelerin 6zeti 250 kelime ile siirlandirilmis-
tir. Diger calismalarda sunulan makalenin anlam biitiinltigiinii
icerecek sekilde yapilandirilmalidir.

Anahtar Kelimeler

Ozetin altinda en az 3, en fazla 6 adet kelime veya tamlama ve-
riniz. Kisaltmalar1 anahtar kelime olarak kullanmayiniz. Bilimsel
makalelerdeki anahtar kelimelerin, Ingilizce olarak MeSH (Medi-
cal Subject Headings; http:/ /www.nlm.nih.gov/mesh) ve Tiirkge
olarak Tiirkiye Bilim Terimleri (http://www.bilimterimleri.com)
arasindan segilmesi gereklidir.

Kisaltmalar

Baslik sayfasinda ve 6zette kisaltma kullanilmamalidir. Genel ka-
bul goren kisaltmalar disinda, verilmis olan kisaltmalar ile ifade
edilen tiim sozciikler metin icinde ilk gectigi yerde yazilmalidir.

Tesekkiir

Yaziya katkida bulunan kisi ve kurumlara yapilacak tesekkiirler
makalenin sonunda, kaynaklardan 6nce belirtilmelidir.

Terminoloji ve birim

Ilag isimleri ve malzemeler genel tibbi ve teknik terminoloji kural-
larina uygun olmalidir. Tiim Ol¢limler uluslararasi birim sistemine
(SI) gore belirtilmelidir. Birimlerden sonra nokta isareti konulma-
malidir.

Giris

Bu calismay1 yapmaya neden ihtiya¢ duyuldugu ve calismanin
amaci sadece en 6nemli makalelere atifta bulunarak kisaca belir-
tilmelidir.

Materyal ve Metod

Planinizi hastalarimizi deney hayvanlarinizi materyal ve kontrol-
lerinizi kullandiginiz yéntem veya metodu uyguladiginiz istatis-
tiksel yontemi aciklaymiz. Etik konularla ilgili izinleri yukarida
agiklandig1 gibi belirtiniz. {laglarmn jenerik isimleri ile birlikte tire-
tici ad1 ve {iretildigi iilkeyi belirtiniz.

Bulgular

Istatistiksel metotlarla desteklenmis bulgularinizi ayrintili olarak
belirtiniz. Sekil ve tablolar metin i¢inde verilen bulgularinizi diger
aragtirmalarla karsilastirmaymiz. Bu tip karsilastirmalar tartisma
boliimiine saklanmalidir.

Tartisma ve Sonug

Bulgularin 6nemini ve farki vurgulanmali, ancak sonug boliimiin-
de sunulan detaylar tekrarlamamalidir. Goriisler sadece calisma-
da bulunmus gerceklerle desteklenecek sekilde sinirlanmalidir.
Aragtirmamis ya da gosterilemeyen varsayimlar tartismaya ek-
lenmemelidir. Bulgular baska arastirmalarla karsilastirilmali ve
bulgular boliimiinde belirtilmemis yeni veriler sunulmamalidir.
Sonug, ¢alismadan ¢ikan bulgular ile literatiiriin karsilagtirmasi
sonucu liretilen bilgiyi ifade etmelidir.

Kaynaklar

Kaynaklar béliimii kurallar1 ayrintih olarak okunmali ve her bir
kaynak titizlikle kurallara uygun sekilde yazilmalidir. Makalenin
kaynaklar boliimiiniin kurallara uygun olmadigi durumlarda,
revizyon igin sorumlu yazar ile sekreterya tarafindan ek yazisma
yapilacak olup tiim kaynaklar kurallara uygun hale gelmeden ca-
lisma hakemlere gonderilmeyecektir.

e Kaynaklar metin icinde atif siralamasina gore ardisik
olarak parentez icinde ve Arabik rakamlar ile (1) den
baslayarak belirtilir. Kaynaklar boliimiinde de kaynak
numarasindan sonra yalnizca nokta isareti konulmalidir
(parantez, tire gibi ayiricilar kabul edilmeyecektir) ve oto-
matik numaralandirma yapilmamalidir.

® Bir metinde birden fazla ve pesi sira kaynak numaralar1
olan kaynaklara atif yapilacaksa kaynak numaralarmnin
tamamu degil araya tire ekleyerek en kiigiik ve en biiyiik
kaynak numaralar1 yazilir. Ornek: (5,6,7,8) yerine (5-8)
seklinde gosterilir.

e Kanun, Yonetmelik, Teblig vb mevzuat kaynak olarak
gosterilmeyip metin igerisinde parantez igerisinde asagi-
daki 6rnege gore verilir:

e (Turk Ceza Kanunu, Madde 86, Kanun Numarasi: 5237,
Kabul Tarihi: 26.09.2004).

e Dergi isimleri miimkiin oldugunca “Cumulated Index
Medicus”a uygun sekilde kisaltmalar ile yazilmalidir.
Tiirkge dergiler i¢in (http:/ /uvt.ulakbim.gov.tr/tip /sem-
pozyumb5/pagel48-170.pdf) linkinden, yabanci dergiler
icin  (https://images.webofknowledge.com/WOK46/
help/WOS/A_abrvjt.html) linkinden faydalanabilirsiniz.

Turkish Journal of Forensic Medicine - Volume 38, No: 3



http://www.nlm.nih.gov/mesh
http://www.bilimterimleri.com

DERGI HAKKINDA

e (Cokyazarli kaynaklara atif yapilacak ise ‘et al.” kisaltmasi-
n1 kullanmadan tiim yazar isimleri yazilmalidur.

¢ Kaynaklardaki sayfa numaralar kisaltilarak yazilmahdir
(Ornek: 123-128 yerine 123-8).

Kaynak yazma yapis: 6rneklerle asagida gosterilmistir:
Ornekler:

Dergiler

1. Batchvarov V, Kaski JC, Parchure N, Dilaveris P, Brown S,
Ghuran A, Farbom P, Hnatkova K, Camm A]J, Malik M. Compa-
rison between ventricular gradient and a new descriptor of the

wavefront direction of ventricular activation and recovery. Clin
Cardiol 2002;25(5):230-6.

(Dergi makalelerinde ¢alismanin adi 6zel isimler disinda normal
tiimce diizenine gore yani yalnizca ilk harfi biiyiik olacak sekilde
yazilmalidir)

Kitaplar [[ngilizce]
1. DiMaio V], DiMaio D. Forensic Pathology 2nd Edition. Boca Ra-
ton, Florida: CRC Press, 2001: p.92-9.

(Boliim Igermeyen kitaplar kaynak gosterilirken kitabin ad1 tiim
kelimelerde bas harfi biiytiik olacak sekilde yazilmalidir)

Kitaplar [Tiirkce]

1. Soysal Z, Eke SM, Cagdir AS. Forensic Autopsy Vol I [in Tur-
kish]. Istanbul: Istanbul University Cerrahpasa Medical School
Publications, 1999. p.100-5.

Kitap boliimleri

1. Schwartz PJ, Priori SG, Napolitano C. The Long QT Syndrome.
In: Zipes DP, Jalife ] eds. Cardiac Electrophysiology. From Cell to
Bedside. Philadelphia: WB Saunders Co, 2000: 597-615.

Internet adresleri

Internet sayfalarma atif yapilirken varsa sayfadaki makalenin ya-
zar1, makalenin baslig1, sayfanin URL’si, erisim tarihi yazilmalidur.

Kaynagin Ingilizce olarak gosterilmesi gerektiginden asagidaki
kurallara dikkat edilmelidir:

1. Gostin LO. Drug use and HIV/AIDS. Available at: http://
www.ama assn.org/special/hiv/ethics. (cited: 26 June 1997).

® Yazar belli degil ise dogrudan web sayfasinin bashg ile
baslanabilir.

o Internet ansiklopedileri (Wikipedia vb), sézliikler ve ben-
zeri kay nakgasiz, dogrulanmamis internet sayfalari, haber
siteleri kaynak olarak gosterilemez. Bunlara atif yapilacak
ise metin igerisinde bahsedilerek parantez igerisinde atfin
alindig1 URL verilebilir. Ancak Kaynakcada gosterilemez.

Yayinlanmamus tezler

1. Einstein A. The special and general relativity theory (Unpublis-
hed Thesis). The Anonymous Institute, Istanbul, 1916.

Ingilizce olarak diizenlenmeli ve tezin bashigmin hemen sonuna
parantez igerisinde (Unpublished Thesis) ibaresi eklenmelidir.

Kongre sunumlar1

Kongre bildirileri yalnizca Kongre kitapgiginda yaymmlanmis ise
kaynak olarak gosterilebilir.

1. Brown MR, Brown MRS. Personalization of reference styles
in Turkish Journal of Forensic Medicine (Oral Presentation). 4th
World Academy of Forensic Sciences Congress, 22-24 October
2020, Istanbul, Turkey.

Diizeltmeler

Diizeltme talepleri ve elestiriler iletisim adresi belirtilen yazara
gonderilir. Basimin gecikmemesi igin istenen diizeltmeler en kisa
zamanda cevaplandirilmahdir. Tiim hakemlerin goriislerine ce-
vap yazilmahdir. Sunulan kaynaklarm ve verilerin dogrulugun-
dan yazarlar sorumludur. Hatali aldatici veya yanlis yonlendirici
bilgilerin varhg fark edildiginde editér makaleyi bilimsel litera-
tiirden ¢ekme ve bunu duyurma hakkina sahiptir
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The Turkish Journal of Forensic Medicine is the official publication
of the Republic of Turkiye Ministry of Justice Council of Forensic
Medicine. It’s the aim of the Turkish Journal of Forensic Medicine
to help the achievement of the goals for the Council of Forensic
Medicine which are supporting the studies on forensic medicine
and sciences, improving the practice, making contributions
to information sharing, ensuring continuity of education and
research. In the field of forensic medicine and sciences original
studies like original research, review, brief report, technical note,
case report and letter to the editor are published after the review
of 2 independent referees and the editor. Reviews are published
upon invitation. Materials published previously are not accepted.

The Turkish Journal of Forensic Medicine is published triannually
in April, August and December.

The Journal is intended primarily for forensic medicine residents
and specialists, forensic sciences (toxicology, genetics, forensic
document, ballistics etc.) assistants and specialists including police
and gendarmerie personnel working on criminal field, judges,
prosecutors, lawyers, other physicians, nurses and independent
experts.

The Turkish Journal of Forensic Medicine is indexed by the
“Turkey Citation Index” and “TUBITAK ULAKBIM Medical
Database”, Crossref, Scilit, ScienceGate, Researchgate, Fatcat and
Google Scholar. After the articles sent to the Turkish Journal of
Forensic Medicine are pre-reviewed by the editor, the articles
fulfilling the criteria of the Journal are sent to at least 2 independent
referees without stating any author or institution name. Although
there is no definite time interval given for publishing the accepted
articles, publication takes place in 3-9 months. The last versions of
the articles accepted by the referees are sent to the corresponding
author in a PDF format for the approval. Corresponding author
is responsible to correct any factual errors in the article so long as
not to make any scientific changes. Besides, corresponding author
is responsible to send the corrections or the statement that no
correction is needed in 48 hours to the editor@ adlitipdergisi.com
address after receiving the PDF formatted article

LANGUAGE

Languages of The Turkish Journal of Forensic Medicine are
Turkish and English.

ETHICAL AND LEGAL RESPONSIBILITY

The scientific responsibility of the writings lies with the authors.
Responsibility for all information provided belongs to the
authors of the study. It is necessary that all authors have actively
participated in the work. Each of the authors mentioned in the
article must have made a meaningful contribution to the article.
It is entirely the responsibility of the authors to obtain ethics
committee approval for any study requiring ethics committee
approval. All authors must actively participate in the study. The
submitted articles must not have been previously published in any
other scientific publishing body in order to be published in the
journal. If the message has been submitted before at any meeting,
the name, date and city of the meeting must be indicated.

In the process of reviewing the article, the following persons can
access the article: editors, reviewers, members of the board of
publishers. The only situation in which details of an article can be
passed on to a third party without the author’s permission is when
the editor suspects serious abuse of research.

Everyone listed as an author is requested to meet the authorship
criteria proposed by ICMJE (www.icmje.org). The ICMJE
recommends that the authors meet the following four criteria:

1. to have made a significant contribution to the content/design
of the study; or to the collection, analysis and interpretation of
the data for the study.

2. tohave prepared the draft paper or to have undertaken critical
reviews of the important ideological content.

3. to have reviewed and approved the latest state of the paper
prior to its publication.

4. to accept responsibility for all aspects of the work in order to
guarantee that questions relating to the validity and accuracy
of any part of the article are properly investigated and resol-
ved.

The editors are obliged to take action when there is a suspicion
of an ethical violation or if there is an allegation of a violation.
This task covers both published and unpublished articles. COPE
(Committee on Publication Ethics), (https://publicationethics.
org/) is committed to implementing the flow schemes when the
Journal of Forensic Medicine encounters allegations of abuse on
the following or similar subjects.

1. When rebroadcast is suspected

When plagiarism is suspected

When fabricated data is suspected

Requests for change of authorship

When an undisclosed conflict of interest is suspected
When unfair or gift authorship is suspected

When an ethical problem is suspected in an article

® N o Ok N

Suspicion of ethical violations via e-mail, etc. When notified
directly by

9. When suspected ethical violations are announced via social
media

Studies presented to the Journal of Forensic Medicine are checked
using intihal.net and/or ithenticate software. The similarity rate is
expected to be less than 25%. The true measure of similarity is the
author’s compliance with the rules of citation and citation. If the
similarity rate appears to be %1 and the reference and quotation
process is not done correctly, it may also be related. In this regard,
the reference and quotation rules must be known and carefully
applied by the author.

The Journal of Forensic Medicine is committed to national and
international standards of research and publishing ethics. The
Law on the Press, the Law on Ideas and Works of Art and the
Guidelines for Scientific Research and Publication Ethics of
Higher Education Institutions have adopted the International
Principles of Ethics in Publication (COPE), the Directory of Open
Access Journals (DOAJ), the Open Access Scholarly Publishers
Association (OASPA) and the World Association of Medical
Editors (WAME). Turkey also undertakes to comply with the
Decisions of the Editor’s Workshop.

The protocol of clinical trials must be approved by the ethics
committee of the institution concerned. All studies on humans
should include a statement in the “Methods and Tools” section
that the work has been approved by the relevant committee or
that the study has been carried out in accordance with the Helsinki
Declaration of Principles (https://www.wma.net/policy/). It
should be indicated in the text in which all people involved in the
study signed the informed approval form.

If the study uses the “animal” element, the authors have to
indicate in the article’s Tool and Methods section that they have
protected animal rights in their work and have received approval
from their ethics boards in accordance with the principles of the
Guide for the Care and Use of Laboratory Animals (www.nap.
edu/catalog/5140.html).

Evaluation Process: Articles submitted to the journal are first
reviewed in terms of the magazine standards. Articles that do not
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conform to the format requested by the magazine are returned to
the author without further examination. All papers are first taken
for pre-evaluation by the editor; then sent to the members of the
advisory board for review. All articles are subject to editorial
evaluation and correction; if necessary, the authors may be asked
to answer some questions and fill in shortcomings. The evaluation
may result in acceptance, minor revision, major revision or
rejection. The paper decided to be published in the journal is
taken into the printing process; at this stage, all information is
thoroughly checked and checked for accuracys; it is pre-published
and submitted to the author’s verification and approval.

Articles are subject to a double-blind consultancy system. Neither
the authors nor the reviewers have knowledge of the identity of
the other. All articles are evaluated by two reviewers. The final
decision regarding the articles belongs to the editorial board and
the editor.

Publication Rights: According to the 1976 Copyright Act, all
publishing rights of articles accepted for publication belong to the
institution that publishes the journal. Authors must fill out the
“Publication Rights Transfer Form” available on the website and
send it online with the article.

CONFLICTS OF INTEREST

Authors are in obligation to make explanation regarding any
possible conflicts of interest (financial, institutional, counseling or
other). If there is not any conflicts of interest in a study, it is obliged
to be declared. If any kind of support is received for performing
the study (financial or counseling), all these should be declared
explicitly. If there is such information, it should be declared in
Copyright Transfer Agreement Form.

PROTECTION OF HUMAN SUBJECTS AND
ANIMALS IN RESEARCH

The authors are obliged to state that procedures performed
with human subjects were consistent with the ethical standards
(institutional and national) of the committee responsible with
experiments on human and with the Helsinki Declaration
announced in 1975 and revised in 2000 while the authors were
explaining the experiments with human subjects. If the consistency
of the study with the Helsinki Declaration is controversial, the
authors are obliged to explain the justification in their attitude and
to prove that institutional ethics committee has approved explicitly
the questionable aspects of the study. Besides, authors should be
able to answer if they complied with the institutional and national
instruction regarding the care and use of experimental animals.

COPYRIGHT TRANSFER AGREEMENT FORM

Copyright Transfer Agreement Form must be signed by each
author contributing to the article. This form should be submitted
to the system during the online article submission process after
being signed. No royalty is paid for the articles sent to the The
Turkish Journal Forensic Medicine. All rights of the publications
are reserved; the articles published in this Journal are forbidden
to be re-published or to be archived in a system without the
permission of the editor. The Turkish Journal of Forensic Medicine
is public to all and the content can be accessed from the address of
www.adlitipdergisi.com.tr free of charge.

ONLINE ARTICLE SUBMISSION

Articles should be sent through the Online Article Submission
System so that articles can be reviewed by referees quickly and in
order to prevent delays in publication. Articles should be prepared
either in Microsoft Word format (*doc) or in rich text format (*rtf)
and sent through ‘Submit Track Article Online’ system on www.
adlitipdergisi.com web site. A user name and a password are

going to be supplied to corresponding authors following their
registry of contact information to the online article system. After
having a user name and a password, the authors’ reading the
guidelines carefully and submitting all needed data accurately
is going to prevent unnecessary delays. Tables, figures and other
documents considered to be necessary should also be sent to
the same address. Besides, the authors using the online article
submission system should send the copyright transfer agreement
form, financial form and control form(checklist) appropriate to the
type of the article.

ARTICLE PREPARATION

The Turkish Journal of Forensic Medicine accepts articles
with regard to “Standarts for the Articles Sent to Biomedical
Journals” (International Committee of Medical Journal Editors:
Br Med ] 1988;296:401-5). Authors should specify the type of the
research /experiment and the statistical tests used in the study
should be appropriate according to “Guidelines For Statistical
Reporting in Articles for Medical Journals: Amplifications and
Explainations”(Ann Intern Med 1988;108:266-73) written by
Bailar JC III and Mosteller F. The information about any content
of the article’s being sent to be reviewed or published —including
electronic environment before or not; having permission from an
ethical committee and being appropriate according to Helsinki
Declaration updated in 2000 about human experiments should
be stated in the cover letter sent with the article. The cover letter
should include the name, address, telephone, fax and email of the
corresponding author. Besides cover letter should be sent through
the online article system.

FILES TO BE UPLOADED (*required)

1. *Copyright Transfer Agreement Form (Only the editor can
access this file). Should be duly signed by all authors.

2. *Cover Page (Only the editor can access this file):

e Article Title, Full-names (surnames in capital letter), aca-
demic degrees, affiliations, full-correspondence addresses
including phone number and email addresses of all aut-
hors should be included.

¢ Corresponding author should be stated clearly.
3- *Full-text manuscript file:

* No author name, affiliation, city or country information
should be stated in this file to provide the anonymous
peerview. If the research is about a specific city (e.g.
“Firearm deaths in Istanbul”) it may be stated as “Firearm
deaths in xxxx city”. This situation is same for the Article
Title too.

e Full-text manuscript file should also include references.

e Tables, Illustrations, Figures or Photographs should be
uploaded separately (not in the full-text manuscript file).

* Manuscript should be prepared in “Word for Windows”
program, double-spaced and with 12 pt Times New
Roman, right and left margins should be 3 cm.

* Page numbers should start with “1” from the cover page
and placed on the right-bottom of the page.

4. Tables file should be prepared with “Word for Windows”
program, all tables and titles should be placed on the top of each
tables. All tables should be placed on separate pages.

5. All photographs should be uploaded separately (not in a Word
file) in tiff, png or jpeg form. Eacg photographs should be in
minimum 300 dpi resolution.

6. Figures and illustrations should be genuine and each figures
should be placed on a separate page.
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7. Tables, Figures and Photographs Legend should be prepared
with “Word for Windows” program and all stated tables, figures
and photographs should be listed with their titles and/or
explanations. If one file listed above is missing on the submission
stage, manuscript would be returned to the author for completing
the full submission.

ARTICLE STRUCTURE

® Original articles and Experimental Studies: [Structured
Abstract], [Introduction], [Materials and Methods],
[Results], [Discussion and Conclusion], and [References]

e Experimental Studies [Introduction], [Materials and
Methods], [Results], [Discussion and Conclusion], and
[References]

e Casereports [Introduction], [Case 1,Case 2...], [Discussion
and Conclusion], and [References] The word count should
not exceed 2500 and the number of references should not
exceed 15.

e Reviews [Abstract], [Introduction], [Free subtitles],
[Discussion and Conclusion], and [References] The
word count should not exceed 8000 and the number of
references should not exceed 100.

e Editorial Note and Technical Note [Introduction], [Free
subtitles], [Discussion and Conclusion], and [References]
The word count should not exceed 1500 and the number
of references should not exceed 10.

Abstract

All the articles written in Turkish should have also an English
abstract. For the articles written in English, only an English
abstract is enough. Abstracts of the original articles should be
structured with Objective, Methods, Results, and Conclusion
parts. Abstracts of original articles should not exceed 250 words.
In other types of studies, summary should be configured so as to
include the article’s content integrity.

Key Words

At most 6 words or determinative groups of words should be
written below the abstract. Abbreviations should not be used as
keywords. Keywords in English should be chosen from MESH
(Medical Subject Headings http://www.nlm.nih.gov/mesh)
index and Turkish keywords should be chosen from TBT (Ttirkiye
Bilim Terimleri http:/ /www bilimterimleri.com) index.

Abbreviations

Abbreviations should not be used in title page or in abstract. Except
the generally accepted abbreviations, all the words expressed with
the abbreviation should be written where the abbreviation is first
used in the text.

Acknowledgement

People and institutions having contributions to the article should
be stated at the end of the article before the references part.

Terminology and Units

Medication and equipment names should be appropriate
according to general medical and technical terminology rules. All
measurements should be given according to international system
of unit.

Introduction

The reason for which you want for this study and aim of the
study should be determined briefly with referring only the most
important articles about the topic.

Material and Method

Plans, patients, experimental animals, methods for control
group and statistical data should be explained. Permissions
for ethical topics should be determined as described before in
preparation part. Drugs should be featured with the generic name,
manufacturer name and the country of production.

Results

The findings supported with statistical data should be explained
in a detailed way. Tables and figures should support the findings
given in the text instead of repeating the same data. Presentation
of the data either in the text or on the table/figure is enough. In
this part only the most important findings should be emphasized
and the findings should not be compared with other studies. Such
comparisons should be kept for the discussion part.

Discussion And Conclusion

The importance and difference of the findings should be
emphasized but the details given in the results part should not
be repeated. Opinions should be limited with the facts found in
the study, hypotheses that are not looked into or indicated should
not be added to the discussion part. Findings should be compared
with other studies. In this part, new data —not placed in the
results part- should not be used. Conclusion should express the
information which is the product of comparison between results
and literature.

References

Reference Guidelines should be checked carefully, and all citation
rules should be met. Articles would not be sent to the referees
without fully corrected reference style.

e o References should be in order as in the text with a
consecutive manner starting from (1). On the references
page only the “dot” should be used after the reference
number (paranthesis, comma or any other punctuations
are not allowed). Avoid using automatic numbering.

e Consecutive citations should be stated as (5-8) instead of
(5,6,7,8).

e Law articles, legislations should not be cited in references.
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Discrimination of pen inks using thin layer chromatography and
UV-visible spectroscopy

Ince katman kromatografisi ve UV-gériinir spektroskopinin mirekkep
ayriminda kullanimi
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ABSTRACT

In present days, crimes related to forgery and alterations are increasing day by day. In these cases, questioned document examiners
are appointed to clarify the doubts arising in writing. Various writing instruments that have different ink constituents are used
to produce numerous documents. When the ink is under suspicion, multiple techniques are used to differentiate the ink and its
components. Among them, thin-layer chromatography (TLC) and UV-visible spectrometry were used in this study to discriminate
various pen ink writings. Thin-layer chromatography was used to separate the components of pen inks and differentiate these
based on colour, hRf value and number of spots. On the other hand, UV-visible spectrometry was used to discriminate inks based
on the peaks of the UV-visible spectra. The percentage of total differentiation of inks with combined analysis by TLC and UV
spectrometry for blue, red, black and green ballpoint pens was 89.58%, 80%, 66.67% and 71.43%, respectively and for blue, red,
black and green pilot pens, a total discrimination percentage of 44.45%, 100%, 57.14% and 100% respectively was achieved. The
combined results of TLC and UV-visible spectrophotometer were capable of individualising most of the pen ink samples. The
analysis using a UV-visible spectrophotometer also helped support the TLC examination results.

Keywords: Thin layer chromatography, UV-visible spectrometry, differentiation of pens, ballpoint pens, pilot pens.
OZET

Giintimtizde sahtecilik ve tahrifata iliskin suglar her gecen giin artmaktadir. Bu durumlarda, yaziyla ilgili ortaya ¢ikan siipheleri
acikliga kavusturmak i¢in sorgulanan belge incelemecileri gorevlendirilir. Farkli miirekkep bilesenlerine sahip ¢ok sayida belgenin
iiretilmesi icin gesitli yazi araclari kullanilir. Miirekkep siiphesi olustugunda miirekkebi ve bilesenlerini ayirt etmek icin cesitli
teknikler kullanilir. Bu ¢alismada cesitli miirekkep bilesenlerini ayirt etmek i¢in bunlarin arasinda ince tabaka kromatografisi (TLC)
ve UV-goriiniir spektroskopi kullanildi. TLC ve UV spektroskopisi ile kombine analiz ile miirekkeplerin toplam farklilasma ytiizdesi
mavi, kirmizi, siyah ve yesil tiikenmez kalemler icin sirastyla %89,58, %80, %66,67 ve %71,43 olurken, mavi, kirmiz, siyah ve yesil
pilot kalemler igin sirasiyla %89,58, %80, %66,67 ve %71,43 oldu. sirasiyla %44,45, %100, %57,14 ve %100’liikk toplam ayrimecilik
ylizdesine ulasildi. TLC ve UV-goriiniir spektrofotometrenin birlestirilmis sonuglari, kalem miirekkebi 6rneklerinin ¢ogunu
bireysellestirme kapasitesine sahipti. UV goriiniir spektrofotometre kullanilarak yapilan analiz ayn1 zamanda TLC incelemesinin
sonuglarmin desteklenmesine de yardimer oldu.

Anahtar Kelimeler: Ince tabaka kromatografisi, UV-Goriiniir bilge spektroskopisi, kalemlerin ayrimu, tiikenmez kalem, pilot kalem.
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INTRODUCTION

It is usually said that a piece of paper cannot decide
someone’s future. However, if that piece of paper
is a will, marks card or other important document,
it may decide. Especially when the document is
altered. Documents may be altered by means of
forgery, disguise, erasures, and other methods. An
ordinary person cannot know whether a document
has been altered, but suspicions may be raised about
its authenticity, originality, or authorship (1,2).
Hence, forensic document examination plays a vital
role by giving an opinion on whether the document
has been altered. Inks have been used for decades
to write and sign important documents. Different
types of inks with distinct writing instruments and
contrasting colours were used for writing.

Several methods to distinguish the ink can be
applied in the cases where the ink is in question.
These methods include microscopy, thin-layer
chromatography (TLC), high-performance thin-
layer chromatography (HPTLC), Fourier transform
infrared spectroscopy (FTIR), gas chromatography-
spectrometry (GCMS),
spectrometry, etc. With TLC, dyes and a few of
the pigments can be separated by comparing their
retardation factor (R) values. Ultraviolet-visible
spectrometry is a technique which works on the
principle of Beer-Lambert law (3).

mass ultraviolet-visible

Crown et al. (4); Nakamura and Shimoda (5); Lewis
(6); Brunelle (7); Djozan et al. (8); Houlgrave et al. (9);
Barker et al. (10); Yadav (11); Aginsky (12) examined
the inks by TLC and paper chromatography.
Tsutsumi and Ohga (13); and Bansinge et al. (14)
worked on the analysis of writing ink dyes by TLC
and FTIR and its applications to forensic science.
Roux et al. (15) investigated the blue and black
ballpoint pen inks using filtered light examination,
microspectrophotometry, and TLC. LaPorte et al.
(16); Glover et al. (17); Kaluarachchi (18) compared
unknown inks with the inks at the United States
International Library using TLC and video spectral
comparator. Cousin et al. (19); Sharif et al. (20)
discussed the discriminating potential of UV-visible
spectrometry, TLC, and FTIR spectroscopy for the
forensic analysis of inks. Saini et al. (21) used TLC
and visible spectrometry on the blue gel pen inks.

Sombut et al. (22) separated pen inks using TLC.
Poon et al. (23); Saini et al. (24) differentiated the
inkjet printer inks by TLC and HPTLC.

In this study, TLC and UV-visible spectrometry
were used to differentiate ballpoint pen inks from
pilot pen inks. They were used because they are
readily available in almost all forensic laboratories,
economical, easy to use, low time consumption,
and easy to interpret results. Thus, the study was
designed to discern the power of TLC and UV-visible
spectrometry to differentiate writing inks based on
their colourants.

MATERIALS AND METHODS

Collection of materials

For the study, 110 pens were collected, including
86 ballpoint pens and 24 pilot pens in blue, black,
red, and green of different makes and models. The
ballpoint pen included 48 blue pens, 21 black pens,
10 red pens, and 7 green pens, and the pilot pen
included 9 blue pens, 7 black pens, 4 red pens, and
4 green pens.

Each pen was given a code, which was unique for
each pen. B at the initial position stands for ballpoint
pens, and P at the initial position stands for pilot
pens. In the medial position, B, K, G and R were
used for blue, black, green and red coloured pens,
respectively. Each code was then given a number
at its terminal position to maintain its uniqueness
(Refer to Table 1-5).

Based on the literature survey, nine reference dyes
were also procured, including methylene blue,
victoria blue, tartrazine, malachite green, crystal
violet, coomassie brilliant blue, methyl orange
indicator, metanil yellow GR, and nigrosine. Pen ink
writing samples were made on non-fluorescence A4
size sheets of white paper (70GSM) of the SPECTRA
TRIDENT GROUP company. Ethyl acetate (pure
chems),

butanol (chemical enterprise), ethanol

(analytical reagent), distilled water, methanol

(alpha chemika), and acetic acid (pure chems) of
chromatographic grade were used.
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Preparation of writing sample

For the preparation of samples, various lines of
approximately 5 cm each were made using each type
of pen on the sheet of paper. These sheets of paper
were stacked by placing three blank sheets of paper in
between them to prevent cross-contamination due to
migration, diffusion, etc., and were kept in a file. The
file was further stored in a cupboard in a laboratory,
where the humidity level and temperature were
controlled at 45% humidity and 27°C.

Sample extraction

From each of the line strokes, 6 punches of 5mm
diameter were punched out with the help of a
puncture. The punches were then taken into a test
tube, into which 1 ml of each extraction solvent was
added individually. The solution was covered and
kept undisturbed for 1 hour. The extraction solvent
which gave the best results was chosen for the study.

Standardisation of working conditions for the TLC
Method

Standardisation of the solvent system (mobile phase),
extraction solvent, number of spots to be applied on
the TLC plate, and number of strokes to be extracted
from the paper was performed. Different types
of extraction solvents, namely, acetone, ethanol,
methanol, chloroform, acetic acid, ethanol and water
in the ratio of 1:1, benzene, water, and n-hexane were
used to extract inks.

Three different solvent systems were used, namely,
butanol, ethanol, distilled water, and acetic acid in the
ratio of 60:30:10:1 (solvent system A); ethyl acetate,
ethanol, and distilled water in the ratio of 70:35:30
(solvent system B); and chloroform, methanol, and
hexane in the ratio of 30:15:10 (solvent system C).

For the standardisation of the number of strokes, 4, 6,
8, and 10 punches of 5mm diameter were taken, and
the extract was made with these pen ink strokes and
spotted on TLC plates. To standardise the number
of spots, the same extracts were used. Each extract
was spotted 4 times, 6 times, 8 times and 10 times.
The second spot was applied once the first spot dried
completely.

TLC examination
The extracted samples were spotted on the pre-
coated silica gel G plates (Merck KGaA) by using

capillary tubes. The spots were applied by leaving
1 cm of space from the base of the TLC plates. The
sample was allowed to run 5 cm from the spotting
point. The developed plates were visualised under
visible light and long UV light. The photographs of
the plates were made under visible light as well as
UV light (100-400nm) (Figure 1). The hR, value of
each spot was calculated, where hR; is the distance
travelled by a spot to the distance travelled by the
solvent front multiplied by 100.

UV-visible spectrometry

Analytik Jena Specord®210 Plus model of UV-visible
spectrometer (Germany) was used for analysis.
ASpect UV 1.5 software (Analytik Jena, 2020) was
used. The analysis was carried out in the range of 200
nm-700 nm wavelength. The pen ink writings were
extracted using methanol. For this, 6 punches of
5mm diameter were taken from the pen ink writings
made on a white sheet of paper and were dissolved
in 1 ml methanol. A reference sample of methanol,
along with blank paper punches, was analysed
to remove the background spectrum. The graphs
were generated for each reference sample. Figure 2
represents the graphs obtained for methyl yellow
and crystal violet.

Discrimination percentage

The discrimination percentage for both techniques,
separately as well as collectively, for all samples
was calculated. Discrimination percentage is the
ratio of the number of groups formed after analysis

Figure 1. Showing results of TLC analysis for the differentiation of black ballpoint
pens using solvent system A based on the number of sports, their colour, and
hRf value: (a) under visible light, (b) under short UV light, (c) under long UV light.
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Figure 2. UV-Visible spectrometry analysis showing graph of reference dye: (a)
methyl yellow and (b) Crystal Violet.

(using thin-layer chromatography and UV-visible
spectrometry) to the total number of samples
multiplied by 100.

Repeatability and reproducibility

Each sample was tested thrice to check the
reproducibility and repeatability of the method
used in the study. Hence, triplicate spotting of each
ink sample was done in the case of TLC analysis.
Standards were also analysed thrice.

RESULTS

Sample extraction

For sample extraction, methanol gave the best results.
Out of 110 pens, 96 pen ink samples dissolved in
methanol, which included 86 ballpoint pens, and 10
pilot pens (Table 1).

Standardisation of the TLC method

After standardisation, the best results were obtained
when four punches of 5mm diameter were dissolved
in 0.5 ml extraction solvent (methanol). Using a
capillary tube, each sample was spotted 6 times on
the TLC plate. The samples were spotted one over the
other when the previous spot was completely dried.
Out of the three solvent systems, solvent systems A
and B were capable of separating the contents of ink
samples.

TLC plate examination under visible light and UV-
visible light

The pen inks were classified based on the number of
spots, colours of spots and their hR, values. In solvent
system A, blue, red, black and green ballpoint pens
were classified into 6, 4, 2 and 2 groups, respectively.
Blue, red, black and green pilot pens were classified
into 2, 2, 2 and 2 groups, respectively (Table 2).
However, in the solvent system B, blue, red, black
and green ballpoint pens were classified into 5, 5, 5
and 2 groups, respectively. Blue, red, black and green
pilot pens were classified into 2, 2, 2 and 2 groups,
respectively (Table 3). The hR, value and colour of
each spot for reference dyes were also calculated and
analysed under visible light and UV light (Table 4).
During the analysis, spots were observed under UV
light for certain pen inks in both solvent system A
and solvent system B.

The discrimination percentage of blue, red, black
and green ballpoint pens using solvent system A
was achieved to be 12.5%, 40%, 9.53% and 28.57%,
respectively and using solvent system B, it was
10.41%, 50%, 23.8% and 28.57%, respectively. The
percentage of total differentiation with combined
analysis using both solvent systems A and B for blue,
red, black and green ballpoint pens was 27.08%, 60%,
23.81% and 28.57%, respectively. For blue, red, black
and green pilot pens, the discrimination percentage
was 44.45%, 75%, 42.86% and 100% with solvent
system A and 44.45%, 75%, 42.86% and 100% with
solvent system B. Combined analysis using solvent
systems A and B for blue, red, black and green pilot
pens achieved a total discrimination percentage of
44.45%, 100%, 57.14% and 100%, respectively. Hence,
TLC alone was not able to differentiate the pen inks
satisfactorily.

UV-Visible spectrometry

All pens were then subjected to UV-visible
spectrometry. The pen ink writings were extracted
using methanol and were directly analysed. The
blue, red, black and green ballpoint pens were
classified into 23, 5, 5 and 4 groups, respectively.
Blue, red, black and green pilot pens were classified
into 2, 2, 2 and 2 groups, respectively (Table 5).
UV-visible spectrometry alone was also not able to
differentiate the pen inks sufficiently. For blue, red,
black and green ballpoint pens, a total discrimination
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Table 1. Representing the results of the solubility test using methanol as extraction solvent and the number of groups formed.

Group number Pen Type Pen ID Solubility
1 BB01-BB48 Soluble
2 Ballpoint Pens BRO1-BR10 Soluble
3 BKO1-BK21 Soluble
4 BG01-BG07 Soluble
1 PBO1, PB02, PBO3, PBO9 Soluble
2 PB04, PBO5, PBO6, PBO7, PB0O8 Insoluble
3 PR0O2-PRO4 Soluble
4 Pilot pens PRO1 Insoluble
5 PK02, PK03, PKO5 Soluble
6 PKO1, PK04, PK06, PKO7 Insoluble
7 PG02-PG04 Soluble
8 PGO1 Insoluble

Table 2. Groups of pen inks formed after TLC examination using solvent system A and their hR, value under visible and UV light.

Group hRf value under hRf under UV
number Pen ID visible light Spot colour light Spot colour
1. BB2, BB5 10.9 Sky blue - -
2. BB3, BB4 18.1 Blue - -
BB6, BB7,BB 9, BB11, BB12, BB18, BB27, .
3 BB28, BB31, BB38, BB40, BB44, BB45 18.1,27.2 Blue, violet ) i
BB15, BB19, BB20, BB21, BB22, BB23, BB24, Sky blue, blue,
4 BB29, BB32, BB34, BB36, BB39, BB43, BB46 181,27.2,363 violet ) )
BB8, BB10, BB13, BB14, BB16, BB17, BB25, BB26, Blue, skyblue,
> BB30, BB33, BB35, BB37, BB41, BB42, BB47, BB48 200,236,290 violet ) )
6. BB1 545 Blue - -
1. BRI, BR4, BRS, BR6, BR7, BR8 18.1,36.3,72.7 Pink, vibrant | g4 353 77| Pink, lemon,
yellow, yellow fluorescent white
2. BR2, BR3 18.1 Pink 18.1 Pink
Fluorescent white,
3. BR9 36.3 Yellow 18.1,36.3,72.2 | lemon, Fluorescent
white
4 BR10 366 yellow 181,363 | Fluorescentwhite,
lemon
BK1, BK3, BK4, BK5, BK6, BK7, BK8, BK10, BK12, Blue, violet,
I BK13, BK15, BK16, BK18, BK19, BK20, BK21 145,200, 54.5 yellow ) )
2. BK2, BK9, BK11, BK14, BK17 145,163,200, 545 | BlUe mzm‘/’ folet, 16.3 Fluorescent yellow
1. BG1 27.2 Pink 27.2 Fluorescent white
2. BG2, BG3, BG4, BG5, BG6, BG7 - - - -
1. PB1 30.9 Pink
2. PB3, PB2 30.9, 54.5 Pink 30.9, 54.5 Fluorescent pink
3. PBY 21.8,30.9 Sky blue, pink 309,410 | Fuorescentyeliow,
Fluorescent yellow
1. PR2, PR3 78.1 Pink 78.1 Fluorescent pink
2. PR4 10.9 Brick red - -
1. PK2, PK3 23.6 Pink 23.6 Pink
2. PK5 56.3 Black - -
1 PG2 545,218 Blue, Sky blue - -
2. PG3 21.8 Sky blue - -
3. PG4 54.1 Blue
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Table 3. Groups of pen inks formed after TLC examination using solvent system B and their hRf value under visible and UV light

Group hR, value under
number Pen ID visible light Spot colour hR, under UV Spot colour
1 BB1, BB3, BB4, BB6, BB2S, BB31, BB33 41.8,45.5,49.0, | Violet, blue, sky blue, ) )
52.7 blue
BB2, BB5, BB9, BB15, BB19, BB24, BB32, .
2. BB39, BB43 10.9,4.8,45.5 Sky blue, violet, blue - -
3. BB21, BB22, BB23, BB29, BB34, BB36 18.1,27.2,54.5 | Sky blue, blue, violet - -
BB7, BB8, BB12, BB13, BB14, BB16, BB17, ) .
4. BB25, BB27, BB30, BB38 29.0,34.5,56.3 Violet, violet, blue - -
BB10, BB11, BB18, BB20, BB26, BB35,
5. BB37, BB40, BB41, BB42, BB44, BB45, 43.6,54.5 Violet, violet - -
BB46, BB47, BB48
1. BR1, BR8, BR10 163,400,545 Yellow pink, orange 40.0,54.5 Pinkand yellow,
neon yellow
2. BR2, BR3 16.3,40.0 Yellow, pink 16.3, 40.0 Pink and yellow,
fluorescent white
. Pink and yellow,
3. BR5, BR6, BR7 40.0, 54.5 Pink, orange neon 40.0, 54.5
yellow
4, BR4 40.0,54.5 Pink, orange neon 40.0,72.7 Pink and yellow,
yellow
5 BRY 163,400, 54.5 Yellow, orange neon, 32.7,40.0, 54.5 Yellow, pink and
orange neon yellow, yellow
1. BK19, BK20, BK21 18.1 Blue - -
2. BK2, BK9, BK14, BK17 21.8,25.4,40.0 Blue, violet, pink 40.0 Fluorescent yellow
BK1, BK3, BK4, BK5, BK6, BK8, BK10, BK12, .
3. BK13, BK15, BK16 20.0,22.2 Blue, violet - -
4, BK7, BK18 24.4,30.9, 50.9 Violet, violet, violet - -
5. BK11 21.8,40.0,50.9 Blue, pink, violet 400,509 | Fluorescentyellow,
fluorescent yellow
1. BG1 63.6 Pink 41.8 Fluorescent white
2. BG2, BG3, BG4, BG5, BG6, BG7 - - - -
1. PB1 236 Sky blue - -
2. PB3, PB2 23.6,41.8,72.7 Sky blue, pink, blue 236 Fluorescent pink
3. PBY 236,418 Blue, pink 236,527 | Huorescentyellow,
Fluorescent yellow
1. PR2, PR3 945 Pink 945 Fluorescent pink
2. PR4 20.0 Brick red - -
1. PK2, PK3 41.8 Pink 41.8 Fluorescent pink
2. PK5 69.0 Black - -
1. PG2 60.0 Blue - -
2. PG3 36.3,67.2 Sky blue, yellow - -
3. PG4 60.0 Blue - -
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Table 4. TLC examination of reference dyes using solvent system A and solvent system B and their hRf value under visible and

UV light
Reference dyes
Visible light UV Light
dyes Solvent No. of No. of
S. no. Reference dyes code system spots hR. value colour spots hR. value colour
A 5 9.0 Sky blue i i i
52.7 Blue
1. Methylene blue RD1 9.0 Sky blue
B 3 52.7 Blue - - -
56.3 Blue
20.0 Blue i
A 3 509 Blue 1 56.3 uorescent
76.3 Violet white
2. i ia bl RD2 :
Victoria blue 145 Blue I
B 3 58.1 Blue 1 1 Fluorescent
white
65.4 Blue
A : - - ; : ;
3. Tartrazine RD3 B ) 27.2 Yellow
87.2 Red )
9.0 Sky blue
. A 3 18.1 Violet - B -
4, Malachite green RD4 .
76.3 Violet
B 1 7.2 Sky blue - - -
A I v A A :
X T
5. Crystal violet RD5 urple
B ) 9.0 Purple
58.1 Purple
27.2 Blue |
A 3 454 Blue 1 218 | Fluorescent
white
coomassie 28] Blue
6. brilliant blue RD6 45.4 Blue 345 Fluore'scent
white
B 2 2 i "
83.6 Violet 40.0 vorescen
white
bt A ) 40.0 Yellow
7. Methyl orange RD7 65.4 Yellow i
indicator
B 1 76.3 Yellow - - -
A 1 63.6 Yellow - - -
. M il yell R RD
8 etanil yellow G 8 B 1 81.8 Yellow - - -
A 1 636 | Reddishyellow 1 58.1 F'“°priife”t
9. Nigrosine RD9 ; , 57 Brown
81.8 Orange

percentage of 47.92%, 50%, 23.81% and 28.57%
were achieved with UV-visible spectrometry, and
a discrimination percentage of 22.22%, 75%, 28.57%
and 50% was achieved for pilot pens. The method
was dependent on the concentration of the pen ink
writing sample. Reference dyes were also analysed,
and their UV-visible spectra were generated (Table 5).
The UV-visible spectrometry data was used to know

the type of dye or pigment used in the constituents
of pen inks based on the comparison of the peaks
with reference dyes. Hence, it helped to support the
results of the TLC examination.

However, when the results of all three techniques,
that are, solubility test, TLC analysis with two types
of solvent systems and UV-visible spectrometry, were
combined for blue, red, black and green ballpoint
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Table 5. Groups of pen inks formed after UV-visible spectrometry along with their wavelengths

Group no Pen ID Peak wavelength Group no PenID Peak wavelength
1 BB1§é§31;é§:1§é§;2:é55823, 210, 2725,8%178, 304, 1 BK1, BK4. BK6, BK14 | 207-251, 27@53604' 417,553,
2 wsomseme | OZOZETN o o | 022
3. BB4, BB15, BB17 é%i" ﬂ)%' 25?331', 267285' 3. BK15 202,251, 262’53;’04' 417, 586,
4. BB1, BB6, BB21 202,251, 304, 584 4. BKSB'KT;T :akl?? 3| 207,25 1'127"5;?%27& 304,
5. BB25, BB47 212 23%11" ZSZ' 278, 5, BKS, BK10, BK20 202 é%i" iﬁ 17 256553 gzé' 278,
. BB31 208, 25?;;03, 357, 1 BR] 212, 216, 23&;3 2522, 272,278,
; BB19, BB32 20?623?2’5277%3178’ 5 BR10 212,216, 23.2% 2563?, 272,278,
8. BB7, BB10 202, égll’. 25?331' 278, 3. BR3 203, 264, 272, 278, 546
9, BB24 22%, ﬂ)%" é‘;" 26?; 4, BR2 203, 259, 546
10. BB29 20;.035 ;'8352'22578' 5, BR4, %ESQ, PR BRT. | 203,264,272, 278, 350, 531
- BB13 210, 257, 304, 320, 1 BGT BG2, BG4 Bas | 209 265,272,278, 345,600,

584 666
12. BB44 209, 267, 305, 584 2. BG3 209, 265, 272, 278, 446, 660
13. BB3, BB8 213, 2725'8178' 304, 3. BG6 202, 272, 278, 666
14, BB11 212,272 304,320 4. BG7 202,272, 278, 345, 600, 666
15. BB38 212, 27§éi78' 304, 1. PB2, PB3 226,307, 562, 617
16 8B43 202, 2516,23504, 584, 5 PBY 202, 260, 302,235561 410, 557,
17. BB48 202, 23311', 25?331' 278, 1. PK2 202, 405, 572
18. BB2, BB22 210 2726'23504' >84 2. PK3 202, 558
19. BB18, BB26, BB27, BB28, BB4T | 202 %%1)?1' ngi' 278, 1. PR2, PR4 203,310, 343, 409, 526
20. BB33, BB36 210 25?331', gi' 304, 2. PR3 202, 215, 335, 509
21. BB42, BB40 210, 23% ngi' 304 1. PG2 201, 402, 631
22. BB34 208, 272, 584, 625 2. PG3 207,292, 342'6‘;1 8,441,598,
2, 089 o0 saa 65
pens, a total discrimination percentage of 89.58%, DISCUSSION

80%, 66.67% and 71.43% respectively was achieved.
For blue, red, black and green pilot pens, a total
discrimination percentage of 44.45%, 100%, 57.14%
and 100%, respectively, was achieved. Schematic
flow charts of differentiating the pen inks using all
the techniques were made for easy understanding
(Figure 3-10).

The objective of the study was to differentiate
ballpoint and pilot pen ink writings by using thin-
layer chromatography and UV-visible spectrometry.
The ink consists of dyes and pigments as a colouring
agent. Methanol was used to extract the pen inks

for both types of pens. Methanol is a colourless

Turkish Journal of Forensic Medicine « Volume 38, No: 3




Gupta ve ark.

Figure 5. Schematic flow chart showing the differentiation of red ballpoint

pens using solubility test, TLC analysis using solvent system A, TLC analysis using

I %?gim solvent system B, and UV-visible spectrometry.

Figure 3. Schematic flow chart showing the differentiation of blue ballpoint

pens using solubility test, TLC analysis using solvent system A, TLC analysis using

Figure 6. Schematic flow chart showing the differentiation of green ballpoint
solvent system B, and UV-visible spectrometry.

pens using solubility test, TLC analysis using solvent system A, TLC analysis using
solvent system B, and UV-visible spectrometry.

PB09

~ PB06, PBO7,
PB08

Figure 7. Schematic flow chart showing the differentiation of blue pilot pens

using solubility test, TLC analysis using solvent system A, TLC analysis using
solvent system B, and UV-visible spectrometry.

Figure 4. Schematic flow chart showing the differentiation of black ballpoint

pens using solubility test, TLC analysis using solvent system A, TLC analysis using
solvent system B, and UV-visible spectrometry.
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TLC analysis TLC analysis v i
Black Pilot Pens Solubility test withsolvent > withsolvent Bt
system A system B B o

PK02

PK02, PK03 PKO02, PK03
PK02, PK03, PKO03
PK05
PKO01-PK07 PKO03 PKO05 PKO05
PK01, PK04, PKO01, PK04, PK01,PK04, PKO01,PK04,
PK06, PK07 PK06, PK07 PK06, PK07 PK06, PKO7

Figure 8. Schematic flow chart showing the differentiation of black pilot pens
using solubility test, TLC analysis using solvent system A, TLC analysis using
solvent system B, and UV-visible spectrometry.

TLCanalysis TLCanalysis e

Red Pilot Pens Solubility test withsolvent with solvent & ":t"""b"
system A system B =Ry,
PRO1 PRO1 — PRO1 — PRO1
PRO1-PRO4 L
PRO2,PR03 —— PR02,PRO3 \
PRO2,PRO3, S
PRO4

PRO4 — PRO4 — PRO4

Figure 9. Schematic flow chart showing the differentiation of red pilot pens using
solubility test, TLC analysis using solvent system A, TLC analysis using solvent
system B, and UV-visible spectrometry.

TLC analysis TLC analysis e
GreenPilat Pens Solubility test e TR ¢ ”‘;:':;';:'
system A system B pes Py
PGO2 PGO2 PGO2
PGO2-PGO4 PGO3 PGO3 PGO3
PGO1-PGO4
PGO4 PGO4 PGO4
PGOL PGOL PGO1 PGO1

Figure 10. Schematic flow chart showing the differentiation of green pilot pens
using solubility test, TLC analysis using solvent system A, TLC analysis using
solvent system B, and UV-visible spectrometry.

solvent that helps differentiate between dye-based
and pigment-based inks, and it extracted most of the
ink samples used in the study. Out of the 110 pens,
pen ink writings made by 96 pens were successfully
extracted using methanol. The results were obtained
quickly compared to other extraction solvents.
Djozan et al. (8), Yadav (11), Bansinge et al. (14) also
utilised methanol for the extraction purpose, as it
gave better extraction than other solvents. On the
other hand, Saini et al. (24) used ethanol and picric
acid as the extraction solvent. Thus, the results of
ink extraction were in accordance with the previous
studies.

By utilizing the technique of thin-layer
chromatography, it was possible to effectively
differentiate and identify the dye components present
in the pen ink composition. This method has proven
to be highly reliable, providing valuable insights into
the chemical composition of the pen inks (9). After
analysis, the pen samples were grouped into several
groups that had similar dye components. Various
pen manufacturers might have the same source of
ink or raw material. Saini and Rathore (25,26) made
groups based on similarities in hR, values using
TLC, HPTLC, and GCMS. Roux et al. (15), Bansinge
et al. (14), and Sharif ef al. (20) reported that thin-
layer chromatography was a reliable technique for
differentiation. The results presented in this study
are aligned with the previous findings, further
strengthening the credibility of the research. The
findings are significant, and they serve as a crucial
reference point for future research in the field.

From the results of TLC, it was observed that various
mobile phases have different abilities to differentiate
between ink samples. The results showed that two
solvent systems used in the study produced different
groupings of ink samples. Different pens from the
same brand were sometimes grouped together,
but other times, they were separated into different
groups. This could be because of variations in ink
composition within specific models of the brand.
Therefore, it cannot be assumed that all pens from
the same brand have identical ink compositions.
Djozan et al. (8), Houlgrave et al. (9), Saini and Saroa
(27) and Saini et al. (28) also reported that there might
be the use of more than one ink or toner formulation
by the same brand manufacturer. Some additional
spots were also observed when the TLC plates were
analysed under UV light, but they did not appear
under visible light. Houlgrave et al. (9) also reported
such spots which appeared under UV light and not
in visible light, which helped in better differentiation
of ink samples.

Pen ink dyes or pigments were analysed using
a UV-visible spectrophotometer and thin-layer
chromatography to determine their composition.
Reference dyes were compared to the observed peaks
to ensure precise findings. The concentration of the
ink sample taken for the analysis was also taken into
account, and pen wavelengths were classified for
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straightforward comparison. However, the results
were influenced by the composition of the pen inks
used to write. As a result, the pens were grouped
based on their wavelengths to facilitate comparison.
Cousin et al. (19) used extracts made of ethanol for
UV-visible spectrometry examination and achieved
good differentiation of peaks. Sharif et al. (24) also
used distilled water as an extraction solution for
analysis.

This study successfully discriminated the pen ink
samples and grouped them into several groups. The
percentage of total differentiation with combined
analysis for blue, red, black and green ballpoint pens
was 89.58%, 80%, 66.67% and 71.43%, respectively
and for blue, red, black and green pilot pens, a total
discrimination percentage of 44.45%, 100%, 57.14%
and 100% respectively was achieved. While analysing
the samples using UV-visible spectrometry, it is
suggested to take care of the concentration of the
ink sample taken for the analysis in the UV-visible
spectrophotometer.

CONCLUSIONS

Thinlayer chromatographyisanaffordabletechnique;
it helps differentiate the ink components, and several
groups were made that had similar ink compositions.
In TLC, methanol was used as an extraction solvent.
Solvent systems A (butanol, ethanol, distilled water
in the ratio of 60:35:30) and solvent system B (ethyl
acetate, ethanol, distilled water, acetic acid in the
ratio of 60:30:10:1) were taken as solvent systems
because both the solvent systems gave variable
differentiation of ink components and separation
was successful. TLC differentiated all the samples
into several groups using hR, value, solvent system
used, number of spots, colour of spots, and UV light
examination. The percentage of total differentiation
with combined analysis for blue, red, black and
green ballpoint pens was 89.58%, 80%, 66.67% and
71.43%, respectively and for blue, red, black and
green pilot pens, a total discrimination percentage
of 44.45%, 100%, 57.14% and 100% respectively
was achieved. The analysis using a UV-visible
spectrophotometer helped to support the results
of the TLC examination. It was suggested that the
concentration of the ink sample taken for the analysis

be considered while using UV-visible spectrometry.
TLC and UV-visible spectrometry alone could not
fully individualise all the ink samples. However,
when used in combination, satisfactory results were
achieved.
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ABSTRACT

Introduction: The coronavirus (COVID-19) pandemic has caused various negative effects on human life in terms of health, economics, and social
aspects. Just as the pandemic has had an impact on many areas of life and medicine, it may also have had an impact on forensic psychiatry, which is
the intersection of law and psychiatry. In this study, we aimed to investigate the impact of the COVID-19 pandemic on adult forensic psychiatric cases
and contribute to the literature.

Method: This study is a retrospective, single-center study conducted at xx University Hospital. The files of 978 forensic psychiatric cases admitted
within four years were scanned from the hospital data recording system. In the study, all cases applied for forensic psychiatric evaluation between
11.03.2020-03.03.2022 (pandemic period) and 03.03.2018-11.03.2020 (pre-pandemic period) were included. These two groups, including cases from the
pandemic and pre-pandemic periods, were compared in terms of sociodemographic, criminal and forensic psychiatric characteristics.

Results: A total of 978 cases were included in our study, 451 in the pre-pandemic period and 527 in the COVID-19 pandemic period. An increase in
the number of forensic psychiatric cases has been detected during the pandemic. It has been determined that there is a significant increase in forensic
psychiatric cases sent especially due to Article 432 of the Turkish Civil Code (TCC 432) and Article 32 of the Turkish Penal Code (TPC 32). While 115
(25.5%) of the pre-pandemic period applications were TPC 32 and 69 (15.3%) were TPC 432, 209 (39.7%) of the pandemic period applications were TPC
32 and 158 (30%) were TCC 432 (p < 0,001).

Conclusion: Little information is available on how a pandemic may affect forensic psychiatric referrals. The most important result of our study is the
detection of an increase in cases referred under TMK 432 and TCK 32. The most important feature of our study is that it is one of the limited number
of studies in the literature investigating the effect of the pandemic process on forensic psychiatric cases and is also the first study in our country. In
conclusion, this study provides an important basis for understanding the impact of the pandemic on forensic psychiatry and developing appropriate
intervention strategies.

Keywords: Forensic psychiatry, Forensic medicine, COVID-19, Pandemic, Turkish Penal Code, Turkish Civil Code
OZET

Girig: Coronavirus (COVID-19) pandemisi saglik, ekonomik ve sosyal acidan insan yasaminda gesitli olumsuz etkilere yol agmistir. Pandeminin hayatin
ve tibbin bir¢ok alanda etkisi oldugu gibi hukuk ile psikiyatrinin kesisim alan olan adli psikiyatri tizerinde de etkisi olmus olabilir. Bu calismada,
COVID-19 pandemisinin eriskin adli psikiyatrik vakalar tizerindeki etkisini arastirip literatiire katki saglamay1 amagladik.

Yontem: Bu calisma xx Universite Hastanesinde yapilan retrospektif, tek merkezli bir calismadir. Dort yillik siire iginde basvuran 978 adli psikiyatrik
vakanin dosyalari ti¢ aylik siire i¢cinde hastane veri kayit sisteminden taranmustir. Calismada 11.03.2020-03.03.2022 (pandemi donemi) ve 03.03.2018-
11.03.2020 (pandemi oncesi donem) arasinda adli psikiyatrik degerlendirme i¢in bagvuran tiim vakalar calismaya dahil edilmistir. Pandemi ve pandemi
oncesi donemdeki vakalar1 iceren bu iki grup sosyodemografik, kriminal, adli psikiyatrik 6zellikleri agisindan karsilastirilmistir.

Bulgular: Calismamiza pandemi dncesi donemde 451, COVID-19 pandemisi doneminde ise 527 olmak tizere toplam 978 vaka dahil edilmistir. Pandemi
sirasinda kurumumuza bagvuran adli psikiyatrik vakalarin sayisinda artis saptanmustir. Ozellikle Tiirk Medeni Kanunu'nun 432. maddesi (TMK 432)
ve Tiirk Ceza Kanunu'nun 32. maddesi (TCK 32) nedeniyle gonderilen adli psikiyatrik vakalarda ciddi artis oldugu saptanmustir. Pandemi 6ncesi
dénem basvurularmim 1157 (%25,5) TCK 32 ve 69u (%15,3) TMK 432 iken pandemi dénemi basvuranlarm 209u (%39,7) TCK 32 ve 158’1 (%30) TMK
432'dir (p < 0,001).

Sonug: Bir pandeminin adli psikiyatrik bagvurulari nasil etkileyebilecegine iliskin ¢ok az bilgi mevcuttur. Calismamizin en 6nemli sonucu TMK 432 ve
TCK 32 kapsaminda gonderilen vakalarda artis saptanmasidir. Calismamizin en 6nemli 6zelligi pandemi stirecinin adli psikiyatrik vakalar tizerindeki
etkisini arastiran literatiirdeki siurli sayida calismadan biri ayrica iilkemizdeki ilk calisma olmasidir. Sonug olarak, bu galisma, pandeminin adli
psikiyatri tizerindeki etkisini anlamak ve uygun miidahale stratejileri gelistirmek igin 6nemli bir temel saglamaktadir.
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INTRODUCTION

Forensic psychiatry (FP) is a field that brings together
concepts, knowledge and experience between law
and psychiatry. This specialty explores and applies
the intersection of these two disciplines by examining
how the law defines psychiatricissues and what types
of services they require (1). It is one of the subjects
where forensic reports are required to be prepared
by psychiatrists and forensic medicine specialists in
Turkey. Forensic psychiatrists provide behavioural
assessments, psychiatric evaluations, and counseling
to aid in the understanding of legal issues faced by
individuals with psychiatric conditions, with the
ultimate goal of serving justice (2). The main goal
of forensic psychiatry is to determine the impact
of a person’s mental state on their legal problems.
This means making evaluations in legal hearings or
court processes, ensuring the fair application of the
law and contributing to the justice system. Forensic
psychiatrists provide psychiatric evaluations and
reports by collaborating with courts, prosecutors,
attorneys, and other legal professionals (3).

Turkish Penal Code (TPC) 32/1 states that a
person who cannot perceive the legal meaning and
consequences of the act he has committed, or whose
ability to direct his behavior in relation to this act has
significantly decreased, cannot be punished due to
mentalillness. TPC 32 /2 states that certain reductions
will be made in the punishment of a person whose
ability to direct his behavior has decreased in relation
to the act he committed (2). TCC 57 a security measure
is ordered for protection and treatment for a person
who is mentally ill at the time of committing the act
(2). Turkish Civil Code (TCC) 432 is regulated as
“Any adult person who poses a danger to society due
to mental illness, mental weakness, alcohol or drug
addiction, seriously dangerous infectious disease or
vagrancy, can be placed or detained in an institution
suitable for treatment, education or rehabilitation, if
personal protection cannot be provided otherwise
(2). TCC 408 may request the restriction of any
adult who proves that he cannot properly manage
his affairs due to old age, disability, inexperience or
serious illness (2).

Coronavirus Disease 2019 (COVID-19) has had a
significant impact on mental health worldwide. In

addition to the physical risks, it poses to individuals
with severe mental disorders, the COVID-19
pandemic has also had a significant impact on the
mental health of patients. The isolation and stress
brought on by the pandemic leave them more
affected than the general population, leading to
the risk of relapses and exacerbations (4). The
isolation and curfew restrictions implemented
during the pandemic period made it more difficult
for patients to continue their regular hospital visits,
prescribe maintenance treatments, and administer
depot antipsychotic treatments compared to their
normal lives. Additionally, since coronaviruses
may be associated with psychotic symptoms
through immune mechanisms, COVID-19 infection
itself may exacerbate symptoms in patients with
schizophrenia (5). In addition to health problems,
the pandemic also causes individuals to experience
the loss of their loved ones, restrictions in daily life,
and financial difficulties. In addition, this situation
has led to an increase in criminal cases such as
suicide, domestic violence and sexual abuse in the
world (6).

Such negative consequences that occurred during
the pandemic period may have caused some
changes in forensic psychiatry, which is the common
intersection of the law and the healthcare system.
There are a limited number of studies in the literature
examining forensic psychiatry cases during the
pandemic period and investigating the impact of the
pandemic on forensic psychiatry cases. This study
aims to compare forensic psychiatric cases admitted
to our psychiatry department before and during
the COVID-19 epidemic. In this study, we aimed to
investigate the impact of the COVID-19 pandemic on
adult forensic psychiatric cases and contribute to the
literature.

SAMPLE AND PROCEDURE

This research study was a retrospective observational
study and all admissions to the Forensic Psychiatry
Clinic of Recep Tayyip Erdogan University Training
and Research Hospital were made retrospectively
through the hospital registry system. The files of 978
forensic psychiatric cases referred to us by the court
within four years were scanned from the hospital

Turkish Journal of Forensic Medicine « Volume 38, No: 3




Sonmez ve ark.

data recording system. The pandemic period began
on March 11, 2020, with the first COVID-19 case in
our country, and ended on March 3, 2022, with the
removal of quarantine laws, mask use, and the HES
code obligation (Hayat Eve Sigar). The pre-pandemic
period was defined as two years before the pandemic.
All cases referred for forensic psychiatric evaluation
during the pandemic period and the pre-pandemic
period we determined were included in the study.
Although it is very unlikely, it was determined that
those with missing data in their records would be
excluded from the study. Patients were grouped as
pre-pandemic period cases and pandemic period
cases. Age, gender, marital status, educational
status, diagnoses of patients as a result of forensic
psychiatric examination, the purpose for which they
were referred for forensic psychiatric examination,
the crimes they committed, and the decisions made as
a result of the psychiatric evaluation of these people
were compared statistically between the groups.

The SPSS (Statistical Package for the Social Sciences
Inc.) 26.0 for Windows was used in statistical analyses.
Descriptive statistics and continuous variables such
as age are presented as mean =+ standard deviation,
frequency distribution, and percentage. Categorical
variables were given as frequency and percentage.
The chi-square test was used to analyze categorical
data. The suitability of the variables to the normal
distribution was examined using visual (histogram
and probability graphs) and analytical methods
(Kolmogorov-Smirnov test and Shapiro-Wilk test).
For variables that do not comply with the normal
distribution, the Mann-Whitney U Test was used
between two independent groups. The statistical
significance level was accepted as p<0.05 for all
values.

Ethics committee approval for the study was
obtained by the Recep Tayyip Erdogan University
Non-invasive Clinical Research Ethics Committee,
with the decision numbered 2022 /73 dated March 24,
2022, and institutional permission was also obtained
for the study. All practices performed in this study
were in accordance with the ethical standards of the
institutional and/or national research committee
and with the 2000 Helsinki Declaration and its later
amendments or comparable ethical standards.

RESULTS

Sociodemographic characteristics

during the 4-year period determined for the study,
the records of 978 forensic psychiatric cases were
accessed and included in the study. Of the 978
forensic psychiatric cases included in the study, 451
(46.1%) were admitted in the pre-pandemic period
and 527 (53.9%) were admitted during the pandemic
period. Only 69 (15.3%) of the cases admitted in the
pre-pandemic period were women, and 86 (16.3%) of
the cases admitted during the pandemic period were
women. There was no significant difference in terms
of gender between the pre-pandemic period and the
pandemic period cases (p > 0.05). 382 (84.7%) of the
cases admitted in the pre-pandemic period were
men, and 441 (83.7%) of the cases admitted during the
pandemic period were men. There was no significant
difference in terms of gender between the pre-
pandemic period and the pandemic period cases (p
> 0.05) (Table 1). While the mean age of applications
in the pre-pandemic period was 40.55 + 13.29, the
mean age of applications in the pandemic period was
38.85 + 13.72. There was no statistically significant
difference between the two groups in terms of age
(p > 0.05). In the pre-pandemic period, 249 (55.2%)
of those who applied were single, 156 (34.6%) were
married, and 46 (10.2%) were widowed or divorced.
Of those who applied during the pandemic period,
309 (58.6%) were single, 168 (31.9%) were married,
and 50 (9.5%) were widowed or divorced. There
was no statistically significant difference between
the groups in terms of marital status (p > 0.05). Of
those who applied in the pre-pandemic period, 6
(1.3%) were illiterate, 123 (27.3%) were primary
school graduates, 202 (44.8%) were secondary
school graduates, and 107 (23.7%) were high school
graduates and 13 (2.9%) were university graduates.
Of those who applied during the pandemic period,
17 (3.2%) were illiterate, 172 (31.6%) were primary
school graduates, 219 (41.6%) were secondary school
graduates, 95 (18%) were high school graduates and
24 (4.6%) were university graduates. There was a
statistically significant difference between the groups
in terms of educational status (p < 0.01) (Table 1).

Clinical Features
Of those who applied in the pre-pandemic period, 2
(0.4%) had depressive disorder, 8 (1.8%) had anxiety
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Table 1. Sociodemographic characteristics of forensic cases before and during the pandemic

Before pandemic During pandemic Total
Sociodemographic characteristics (n=451) (n=527) (n=978) p
Age, mean (+SD) 40.55 (£13.2) 38.85 (+13.7) 39.63 (+13.5) 0.84
Gender, n (%)
Woman 69 (15.3) 86 (16.3) 155 (15.8) 0.66
Male 382 (84.7) 441 (83.7) 823 (84.2) :
Marital status, n (%)
Single 249 (55.2) 309 (58.6) 558 (57.1)
Married 156 (34.6) 168 (31.9) 324 (33.1) 0.55
Widowed-divorced 46 (10.2) 50 (9.5) 96 (9.8)
Educational status, n (%)
Illiterate 6(1.3) 17(3.2) 23 (2.4)
Primary school graduate 123 (27.3) 172 (32.6) 295 (30.2)
Secondary school graduate 202 (44.8) 219 (41.6) 421 (43) <0.016*
High school graduate 107 (23.7) 95(18) 202 (20.7)
University graduate 13(2.9) 24 (4.6) 37(3.8)
*Chi-square statistical analysis; p<0.05
Table 2. Psychiatric diagnosis of forensic cases before and during the pandemic

Before pandemic During pandemic Total
Psychiatric diagnosis n (%) n (%) n (%) p
Without a psychiatric diagnosis 20 (4.4) 34 (6.5) 54 (5.5)
Depressive disorder 2(0.4) 8(1.5) 10 (1)
Anxiety disorder 8(1.8) 9(1.7) 17 (1.7)
Psychotic disorder 185 (41) 153 (29) 338 (34.6)
Bipolar disorder 132(29.3) 117 (22.2) 249 (25.5)
Substance use disorder 43(9.5) 98 (18.6) 141 (14.4) <0.01*
Adjustment disorder 5(1.1) 6(1.1) 11(1.1)
Antisocial personality disorder 28 (6.2) 41(7.8) 69 (7.1)
Intellectual disability 23 (5.1) 50 (9.5) 73(7.5)
Dementia 5(1.1) 8(1.5) 13(1.3)
Other 1(0.2) 2(0.4) 3(0.3)

*Chi-square statistical analysis; p<0.05

disorder, 185 (41%) had psychotic disorder, and 132
(29.3%) had bipolar disorder. 43 (9.5%) had substance
use disorder, 5 (1.1%) had adjustment disorder, 28
(6.2%) had antisocial personality disorder, 23 (5.1%)
had intellectual disability, 5 (1.1%) of them were
diagnosed with dementia and 20 of them (4.4%) did
not have any psychiatric diagnosis. Of those who
applied during the pandemic period, 8 (1.5%) had
depressive disorder, 9 (1.7%) had anxiety disorder,
153 (29%) had psychotic disorder, 117 (22.2%) had
bipolar disorder, 98 (18.6%) had substance use
disorder, 6 (1.1%) had adjustment disorder, 41 (7.8%)
had antisocial personality disorder, 50 (9.5%) had
intellectual disability, 8 (1.5%) of them were diagnosed
with dementia and 34 of them (6.5%) did not have
any psychiatric diagnosis. There was a statistically

significant difference between the groups in terms of
psychiatric diagnosis status (p < 0.01) (Table 2).

Number of Forensic Reasons Before and During the Pandemic
Period

WPre-Pandemic
W0uring Pandemic

Number

TPC 32 TCC 432 TCC 405 TPC 57 Other

Forensic Reasons

Figure 1. Number of forensic reasons applications before and during the
pandemic
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Reasons for forensic psychiatric evaluation and
crime types

Considering the reasons for sending, 115 (25.5%)
of the pre-pandemic period applications were
TPC 32, 69 (15.3%) were TCC 432, 21 (4.7%) were
guardianship, 219 (48.6%) were social healing. Of the
applications during the pandemic period, 209 (39.7%)
were TPC 32, 158 (30%) were TCC 432, 22 (4.2%) were
guardianship, 94 (17.8%) were social healing. There
was a statistically significant difference between
the groups according to the reasons for sending
them (p < 0.001) (Table 3). According to the crime
distribution of forensic psychiatric cases evaluated
in terms of criminal responsibility, 34 (29.3%) of the
pre-pandemic applications were for assault-injury,
5 (4.3%) for theft, 6 (5.2%) for substance use, 1 (1%)
murder, 3 (2.6%) attempted murder, 31 (26.7%)
threats-insults, 12 (10.4%) sexual abuse, 6 (5,2%) were
damage to property, 5 (4.3%) were looting-fraud,
14 (12.2%) were other crimes. Crime distribution of
applications during the pandemic period: 50 (24.3%)
assault-injury, 16 (7.8%) theft, 15 (7.3%) substance
use, 3 (1.4%) murder, 11 (5.3%) attempted murder,

51 (24.8%) threats-insults, 8 (3.9%) sexual abuse, 11
(5.3%) damage to property, 2 (1%) were looting-
fraud and 38 (18.4%) were other crimes. An increase
in the rate of assault-injury, theft and substance use
was detected during the pandemic period. There
was a statistically significant difference between
the groups according to crime distribution (p =
0.03) (Table 4). Of the applications referred due to
TPC 32, 71 (21.9%) were diagnosed with psychotic
disorder, 59 (18.2%) were diagnosed with bipolar
disorder, 58 (17.9%) were diagnosed with antisocial
personality disorder, and 36 (17.9%) were diagnosed
with substance use disorder and 34 (10.5%) were
diagnosed with intellectual disability. In the pre-
pandemic period, 28 (24.3%) of the cases admitted
due to TPC 32 were diagnosed with psychotic
disorder, 24 (20.9%) were diagnosed with bipolar
disorder, 24 (20.9%) were diagnosed with antisocial
personality disorder, and 9 (7.8%) were diagnosed
with substance use disorder. Of the cases admitted
due to TPC 32 during the pandemic period, 43 (20.6%)
had psychotic disorder, 35 (16.7%) had bipolar
disorder, 27 (12.9%) had substance use disorder, and

Table 3. Reasons for forensic psychiatric evaluation of forensic cases before and during the pandemic

Before pandemic During pandemic Total
Reasons for forensic psychiatric evaluation n (%) n (%) n (%) P
TPC 32 115 (25.5) 209 (39.7) 324 (33.1)
TCC 432 69 (15.3) 158 (30) 227 (23.2)
Guardianship 21(4.7) 22 (4.2) 43 (4.4) <0.001*
Social healing 219 (48.6) 94 (17.8) 313(32) ’
Whether the person is mentally ill 9(2) 10(1.9) 19(1.9)
Other 34(7.8) 18 (3) 52 (5.4)
*Chi-square statistical analysis; p<0.05
Table 4. Crime types of forensic cases before and during the pandemic

Before pandemic During pandemic Total
Crime types n (%) n (%) n (%) p
Assault-injury 34(29.3) 50 (24.3) 84 (26.1)
Theft 5(4.3) 16 (7.8) 21 (6.5)
Drug offenses 6(5.2) 15(7.3) 21 (6.5)
Murder 1(0.9) 3(1.4) 4(1.2)
Attempted murder 3(2.6) 11(5.3) 14 (4.3) 0.03*
Threat-insult 31(26.7) 51 (24.8) 82 (25.5) ’
Sexual abuse 12(10.3) 8(3.9) 20(6.2)
Damage to property 6(5.2) 11(5.3) 17 (5.3)
Looting-fraud 5(4.3) 2(1) 7(2.2)
Other 14 (12.1) 38(18.4) 52(16.1)

*Chi-square statistical analysis; p<0.05
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Table 5. Psychiatric Diagnosis of TPC 32 and TCC 432 in before and during the pandemic

Before pandemic During pandemic
Psychiatric diagnosis n (%) n (%) p
TPC 32 TCC 432 TPC 32 TCC 432
Psychotic disorder 28 (24.3) 19 (27.5) 43 (20.6) 38 (24.1)
Bipolar disorder 24 (20.9) 23(33.3) 35(16.7) 37(23.4) <0.001*
Substance use disorder 9(7.8) 27 (39.1) 27 (12.9) 66 (41.8)
Antisocial personality disorder 24(20.9) 0(0) 34(16.3) 1(0.6)
Intellectual disability 6(5.2) 0(0) 28(13.4) 4(2.4)
*Chi-squatre statistical analysis; p<0.05
Table 6. Criminal responsibility status according to psychiatric diagnoses before and during the pandemic
Before pandemic During pandemic
Psychiatric diagnosis n (%) n (%) P
Full criminal Full criminal
TPC32/1 | TPC32/2 responsibility TPC 32/1 TPC 32/2 responsibility
Psychotic disorder 11 (55) 2(33.3) 15(16.9) 21 (45.7) 14 (36.8) 8(6.3)
Bipolar disorder 6 (30) 1(167) 17 (19.1) 10217) | 10(263) 15(11.9) <0.001*
Substance use disorder 0(0) 0(0) 9(10.1) 0(0) 3(7.9) 24(19)
Antisocial personality disorder 0(0) 0(0) 24 (27) 0(0) 0(0) 34(27)

*Chi-squatre statistical analysis; p<0.05

34 (16.3%) had antisocial personality disorder. There
was a statistically significant difference between the
groups (p < 0.001) (Table 5). In the pre-pandemic
period, it was determined that 19 (27.5%) of the
cases admitted due to TCC 432 were diagnosed with
psychotic disorder, 23 (33.3%) were diagnosed with
bipolar disorder, and 27 (39.1%) were diagnosed
with substance use disorder. There was a statistically
significant difference between the groups (p<0.001). It
was determined that 38 (24.1%) of the cases admitted
due to TCC 432 during the pandemic period were
diagnosed with psychotic disorder, 37 (23.4%) were
diagnosed with bipolar disorder, and 66 (41.8%)
were diagnosed with substance use disorder. There
was a statistically significant difference between the
groups (p < 0.001) (Table 5).

In the pre-pandemic period, 11 (55%) of the forensic
cases evaluated within the scope of TPC 32/1 were
diagnosed with psychotic disorder and 6 (30%) with
bipolar disorder. Of the forensic cases evaluated
withinthescopeof TPC32/2,2(33.3%)werediagnosed
with psychotic disorder and 1 (16.7%) with bipolar
disorder (p < 0.001) (Table 6). Of the forensic cases

evaluated within the scope of TPC 32/1 during the
pandemic, 21 (45.7%) were diagnosed with psychotic
disorder and 10 (21.7%) were diagnosed with bipolar
disorder. Of the forensic cases evaluated within the
scope of TPC 32/2, 14 (36.8%) were diagnosed with
psychotic disorder, 10 (26.3%) with bipolar disorder,
and 3 (7.9%) with substance use disorder. There
was a statistically significant difference between the
groups (p < 0.001) (Table 6).

DISCUSSION

Our study represents one of the limited number of
studies evaluating the impact of the pandemic on
forensic psychiatric cases. It also stands out as the
first study examining adult psychiatric cases during
the pandemic period in our country. The average age
and gender distribution of the cases included in the
study during the four-year period are similar to other
studies in the literature (7-10). It was determined that
the education level of most of the cases was at the
primary and secondary school levels. In forensic
case studies, low education levels are typical (10).
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Individuals with higher levels of education generally
have access to more social support and resources.
Education can help people make better-informed
decisions and comply more with social norms.
As in our study, in another study where forensic
psychiatric cases are evaluated, young age, male
gender, being single and low education level were
the majority (11).

In our study, it was determined that the majority
of forensic psychiatry cases were diagnosed with
psychotic disorders, bipolar disorder and substance
use disorders. Polat and Hocaoglu stated that the
two most common diagnoses in their study were
schizophrenia and mood disorders (7). In the study
of Bolu et al., antisocial personality disorder was the
most frequently diagnosed diagnosis (12). Yumru
et al. stated that the most common diagnosis was
substance-related conditions (13). In our study, it
was determined that the majority of the reasons for
referral of forensic psychiatric cases were criminal
responsibility, compulsory treatment and evaluation
of social healing. In Kocakaya and Ozturan’s study,
it was determined that most of them were sent to
assess criminal responsibility (10). In a retrospective
study of forensic cases admitted to a university
hospital psychiatry outpatient clinic, it was reported
that 56.8% of the cases were related to criminal law
(14). Bolu et al. reported that 22.3% of the cases in
their study were evaluated within the scope of article
32 of the TPC (12). Polat and Hocaoglu reported that
the most common reason for judicial application
was TPC 57/1 (32.8%), followed by Article 432 of
the TCC (20.41%) (7). The majority of the crimes in
the cases sent due to criminal responsibility were
assault-injury and threat-insult crimes. Polat and
Hocaoglu stated that the most common crime they
detected was physical violence (7). Senturk et al.,
in their study, brought the experiences of child
and adolescent mental health judicial committees
during the COVID-19 pandemic to the literature
(15). The number of studies in the field of adult
forensic psychiatry is insufficient. Studies that have
investigated the pandemic process with forensic cases
in our country have found that there was a decrease
in forensic case applications during the pandemic
period (16). In the study conducted by Dogan and
Ozturk, it was determined that there was a decrease

in forensic cases applying to the emergency room
during the pandemic period (17). It was determined
that during the pandemic period, the rate of forensic
cases in a pediatric emergency department in Turkey
increased approximately 3-fold compared to the
pre-pandemic period (18). In a study investigating
suicidal tendencies before and during the pandemic,
no significant difference was found (19).

In our study, an increase was detected in the cases
sent under TPC 32 and TCC 432. We can attribute
these increases to the disruption in the treatment of
individuals with severe mental illnesses during the
pandemic period and the relapses of their illnesses.
It is stated that loneliness, anxiety, hopelessness,
suicidal tendencies and domestic violence have
increased worldwide due to the restrictions and
social isolation imposed to prevent the spread of
the disease (6). It has been stated that while some
crimes (e.g., theft) decreased in many countries after
the epidemic, others (e.g., digital crimes) increased.
In particular, the increase in domestic violence
worldwide has become one of the most important
social problems. Police records also support the
increase in domestic violence. Because people have
been confined to their homes for a long time. The
fear of contacting the virus, death or losing loved
ones has made many people much more anxious
(20). The suddenly taken restrictive measures caused
individuals to be affected, especially psychologically,
and to feel under pressure, and it was thought that
the pressure and stress felt could be an important
factor in individuals turning to violence. Due to the
pandemic period, uncertainty, economic difficulties
and emotional distress, an increase in the tendency
to commit crimes may be observed in the general
population and some psychiatric patients (21).

The COVID-19 pandemic also has effects on the
number of crimes and the way they are committed.
During the COVID-19 pandemic, calls made to the
police departments of Los Angeles State to report
crimes were recorded, and it was determined that
there was a significant increase in reports of crimes
such as domestic violence during this period (22).
It has been suggested that with the increase in
internet usage, there may be an increase in cyber
fraud (23, 24). Some studies show that the COVID-19
pandemic has caused a decrease in crime rates. In a
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study published in 2021, police records in 27 cities
after the start of quarantines were examined and it
was stated that there was an overall 37% decrease in
crime levels in all cities (25). Apart from crime rates,
the types of crimes committed are also affected by
the pandemic process. Research shows that there is
a decrease in the number of home thefts due to the
increase in time spent by potential crime victims at
home (25). It is stated that as the opportunities for
home theft decrease, crime types such as auto theft
and theft of open spaces may increase (26). Similarly,
drug crimes have also been among the types of
crimes affected by the pandemic process. Previous
studies have reported that addictive substances
are often associated with stress, psychological
distress, and social isolation. It has been shown that
an increase in the level of stress and anxiety will
increase the motivation to use substances as a way of
coping, especially in social disasters and pandemic
situations (27). In her research conducted in 2020,
Ayas states that drug crimes in England increased
in March, April and May of 2020, that this increase
may be due to people’s fear and depressive mood
due to the pandemic, and that crimes related to
drug use decreased with the removal of pandemic
restrictions (28). It has been suggested that increased
COVID-19-related anxiety and fear may influence
substance use escalation and initiation (29, 30). Smith
et al. reported that increased stress and depressive
symptoms were associated with an increase in the
number of substances used during the COVID-19
pandemic (31). Similar to the literature, we found a
rise in substance use disorder diagnoses during the
pandemic period in our study. We also found an
increase in the crime rates of assault-injury, theft and
substance use crime during the pandemic period.
Accordingly, the increase in theft crime rates in
particular may be related to the increase in substance
use rates.

In our study, an increase was detected in forensic
psychiatric cases referred to us within the scope
of compulsory treatment during the pandemic
period. In addition to the physical risks, it poses
to individuals with severe mental illness, the
COVID-19 pandemic has also had a significant
impact on the mental health of patients. The isolation
and stress brought on by the pandemic leave them

more affected than the general population, leading
to the risk of relapses and exacerbations (32).
During the pandemic, there were difficulties in
accessing other medical services and psychiatric
treatment as the healthcare system had to focus on
patients with COVID-19 and control of the disease.
There have been problems such as postponement
or cancellation of appointments, difficulties in
supplying medicines and the inability to access
online treatment opportunities to replace face-to-
face therapy. The isolation and curfew restrictions
implemented during the pandemic period made it
more difficult for patients to continue their regular
hospital visits, prescribe maintenance treatments,
and administer depot antipsychotic treatments
compared to their normal lives (5).

Despite the meaningful and important findings
of our study, it has several limitations. Our study
has some limitations, such as being retrospective,
obtaining information from medical records, not
including psychiatric structured interviews, and
being a single-center study. Additionally, there may
be other factors that we cannot control that may
affect the number of forensic cases admitted to our
hospital during the pandemic period.

CONCLUSION

The most important feature of our study is that it is
the first and only study in our country investigating
the impact of the pandemic process on adult forensic
psychiatric cases. In conclusion, this study provides
an important basis for understanding the impact of
the pandemic on forensic psychiatry and developing
appropriate intervention strategies. In order to reduce
the negative effects of the COVID-19 pandemic on
these psychiatric patients, it is important to facilitate
patients” access to treatment and support services,
develop distance treatment options, organize support
programs focusing on mental health, and strengthen
social support networks. Furthermore, it is crucial to
emphasise the importance of public awareness and
mental health awareness in the context of psychiatric
patients during the pandemic period. It is imperative
that experts in this field, community leaders and
health policymakers collaborate to reinforce the
practice of forensic psychiatry in the post-pandemic
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period. This is particularly crucial given the potential
for future crises, such as pandemics, which may
require the expertise of forensic psychiatrists.

*This study was presented as an oral presentation at the 59th National Psychiatry
Congress held between 18-22 October 2023.
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Bir yangin hizlandiricisi olan benzinin kalinti analizinde tuzun
etkisi: Kati-faz mikroekstraksiyon (SPME) yontemi

The effect of salt in the fire residue analysis of gasoline, a fire accelerant: A solid-phase
microextraction (SPME) method

Mihriban Dilan Kili¢', Murat Yayla', Selda Mercan™
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OZET

Girig: Yangin ¢ikis nedeninin aragtirlmasinda en kritik asama, tutusgabilir bir sivinin varhgmin kamitlanmasidir ve bu alanda gelistirilen yéntemlerin
hizli, kolay ve etkili olmas1 beklenmektedir. Birgok calismada 6rnek hazirlama basamaginda kat1 faz mikroekstraksiyon (SPME) yontemi kullanilarak
ornekleme siiresi, sicaklik vb. parametrelerin tespit siiresi ve ekstraksiyon verimliligi {izerine etkisi incelenmistir

ancak SPME oncesinde uygulanan tuz ¢ozeltisinin geri kazanima etkisi heniiz arastirnlmamastur.

Amag: Bu galismada, tutusabilir bir s1v1 olan ve yangin hizlandiricist olarak kullanilan benzinin igerisinde bulunan ugucu bilesenlerin SPME yontemi
ile tespit edilmesinde tuz ¢ozeltisinin etkisi arastirilmistir.

Yontem: Calismada, 500 pL benzin eklenmis 2.5x2.5 cm ebatlarinda hali numuneleri hem yakilmadan hem de yakilarak 2, 4, 6 saat ve 30, 45 giin siirelerde
laboratuvar ortaminda bekletilmistir. SPME 6ncesi numunelerin igerisine 0.16 g/mL NaCl ¢6zeltisi eklenmis ve numuneler Gaz Kromatografisi-Kiitle
Spektrometresi sistemi kullanilarak analiz edilmistir.

Bulgular: Benzin eklendikten sonra yakilmadan 2, 4 ve 6 saat bekletilmis ve tuz ile 6rneklenmis numunelerin ekstraksiyon verimliligi, tuz eklenmemis
numunelere kiyasla yaklagik %50 diisiis gostermistir. Otuz ve 45 giin bekletilen numunelerde ise ekstraksiyon verimliliginde sirasiyla 3.21 ve 6.88 kat
artis meydana gelmistir. Yandiktan sonra 2, 4 ve 6 saat bekletilen hali numunelerinde tuz ¢ozeltisinin ekstraksiyon verimini 4 kata kadar arttirdigi, 30
ve 45 giin bekletilen 6rneklerde ise etkilemedigi goriilmiistiir.

Sonug: Tutusabilir bir siv1 olan ve kasith yangilarda siklikla kullanilan benzinin kalint1 analizinde tuz ¢6zeltisi kullanmanin ekstraksiyon verimliligi
tizerine etkisi ilk kez bu ¢alismada incelenmis ve iyilestirici ektileri saptanmistir. Her yanma ve her yangmn olay yeri kendine has &zellikler
barindirdigindan, bu tiir kontrollii deneysel arastirmalarin farkl igerige sahip (pamuk, akrilamid vb.) matrislerde, farkl stirelerde uygulanarak
cesitlendirilmesi gerektigi duisiiniilmektedir.

Anahtar Kelimeler: Tutusabilir siv1, yangin, kat: faz mikroekstraksiyon, tuz, sodyum kloriir, benzin

ABSTRACT

Introduction: The most critical step in the investigation of the origin of a fire is to prove the presence of an ignitable liquid and the methods developed
in this field are expected to be fast, easy, and effective. In many studies, solid phase microextraction (SPME) is used in the sample preparation step and
the effect of parameters such as sampling time, temperature, etc. on detection time and extraction efficiency is investigated, but the effect of salt solution
applied before SPME on recovery has not yet been investigated.

Aim: In this study, the effect of salt solution on the detection of volatile components in gasoline, which is an ignitable liquid and used as a fire
accelerator, by the SPME method was investigated.

Methods: In the study, 2.5x2.5 cm carpet samples containing 500 puL gasoline were kept in the laboratory for 2, 4, 6 hours and 30, 45 days with and
without burning. Before SPME, 0.16 g/mL NaCl solution was added to the samples, and the samples were analyzed using Gas Chromatography-Mass
Spectrometry system.

Results: The extraction efficiency of the salt-treated samples, which were kept for 2, 4 and 6 hours without combustion after the addition of gasoline,
decreased by about 50% compared to the unsalted samples, while the salt-treated samples kept for 30 and 45 days showed a 3.21 and 6.88-fold increase
in the extraction efficiency. In the carpet samples kept for 2, 4, and 6 hours after burning, the salt solution increased the extraction efficiency up to 4
times, while it did not affect the samples kept for 30 and 45 days.

Conclusion: The effect of the salt solution on the extraction efficiency of gasoline, which is an ignitable liquid and frequently used in arson cases, in fire debris analysis
has been investigated for the first time in this study. Since each combustion and fire scene has its characteristics, it is thought that these kinds of controlled experimental
investigations should be diversified by applying the developed method to different matrices with different contents (cotton, acrylamide, etc.) for different durations.

Keywords: Ignitable liquid, fire, solid phase microextraction, salt, sodium chloride, gasoline
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GiRis

Her yil diinya genenlinde meydana gelen yanginlar
onemli hasarlara neden olmaktadir ve bu nedenle
yangin sorusturmalarmin gecerli ve bilimsel kanitlar
kullanilarak yapilmasi gerekmektedir. (1). Yangin
sorusturmalarinin en temel amaci yangimun cikis
nedenlerini belirlemektir. Yanginin tiiriiniin tespiti
genellikle itfaiye personeli, kolluk kuvvetleri, olay
yeri inceleme uzmanlari, adli bilimciler veya yangin
incelemesinde uzmanlasmis 6zel yangin miifettisleri
tarafindan yapilir (2). Yangmnlarin ¢ikis nedenleri
dogal, kazara, ihmal sonucu ¢ikan ve kasith yangin
olmak {izere dort ana grup altinda toplanmaktadir
(3). Yangin c¢ikis nedeninin belirlenmesi, kazara
¢ikan yangmlarin kokenlerini anlamak ve kasith
olarak ¢ikan yanginlarin sorumlularimi belirleyerek
yargilayabilmek, kontrolsiiz yangmn olaylarinin
sikligimi azaltmak ve bu olaylarin neden oldugu
hasar1 en aza indirmek i¢in 6nemli bir adimdar (1).

Kasith yanginlar, bilerek veya isteyerek bir birey
tarafindan cikarlan yangmn tiirtidir. Bu  tiir
eylemlere kundaklama denir ve kundaklayic
olarak adlandirilan kisi tarafindan gerceklestirilir.
Kundaklama, kisi veya mala zarar verdigi igin
su¢ teskil eden bir davranis olarak kabul edilir
(2). Kundaklama suglarinda tutusabilir sivilarin
kullanilmasi, yangmi baslatmanin ve yanginn
etrafa yayilmasini saglamanin en kolay yoludur (4).
“Tutusabilir siv1” teriminin tek tamimi NFPA® 921
(5), “Yangin ve Patlama Incelemeleri Rehberi'nde”
bulunmaktadir. Bu tanim, “Yangimni baslatabilecek
yanici bir sivi veya sivi fazda yakilabilen herhangi bir
malzeme” seklinde ifade edilmektedir ve tutusabilir
siv1 ve tutusabilir sivi kalmtilarinin geri kazanilmasi
yangin sorusturmasinda bilimsel bir disiplin olarak

kabul edilmektedir (1).

Kundaklama olaylarinda sikga kullanilan tutusabilir
swvilar, ucucu Ozellikleri, kolayca alev alabilme
yetenekleri ve kolay ulasilabilir olmalar: sebebiyle
tercih edilir (6). Petrol tiirevleri, yangin hizlandirici
olarak sikca kullanilir ve kundaklama vakalarinin
incelenmesinde bu
belirlenmesibiiyiik 6nem tasimaktadir. En ¢ok tercih
edilen tutusabilir sivilar, genellikle alifatik ve
hidrokarbonlar  iceren = karmasik
karigimlardir. Bunlar arasinda benzin ve dizel gibi

hizlandiriaa  kalintilarinin

aromatik

ugucu petrol tiirevleri 6ne c¢ikarken, kerosen ve
cakmak sivilar1 gibi diger tutusabilir sivilar,

hizlandirict  olarak  genellikle  daha  az
kullanilmaktadir (7,8).
Yangin olay yerinin incelenmesinde, yangmi

baslatmak ve/veya yaymak igin bahsi gecen
tutusabilir sivilardan bir veya birkaci kullanildiginda,
eksik yanmanin bir sonucu olarak ortamda bu
tutusabilir s1vi kalintilarinin var olabilecegi gercegini
unutulmamalidir. Bu kalintilar olay yerinden
toplanarak ve laboratuvarda edilerek

mahkemede kanit olarak kullanilabilmektedir (9).

analiz

Yangin olay yerinden analiz etmek iizere toplanan
kalintilarin en dogru sekilde tespit edilip dogru
sonucun elde edilmesi, her biri uygun sekilde
gerceklestirilmesi gereken bir dizi asamay1 igerir
(1). Bu dogrultuda, tutusabilir siv1 kullanilan veya
kullanildigindan siiphe edilen yangin vakalarini
aydinlatmak igin bir¢ok 6rnek hazirlama yontemi
ve analiz sistemi bulunmaktadir (10). Yangin
enkazi analiziyle ilgili Uluslararasi Amerikan Test
ve Materyalleri Toplulugu (ASTM) tarafindan,
elde

orneklenmesi, analiz edilmesi ve hata ¢ikan verilerin

yangin enkazindan edilen kalintilarin
yorumlanmasina yonelik gelistirilmis standart test
yontemleri bulunmaktadir (11-13). Bu yontemler
arasindan en sik kullanilan gekitleme yontemleri
¢oziicii ekstraksiyonu, statik headspace, pasif/aktif
absorpsiyon ve kati faz mikroekstraksiyon (SPME)

yontemleridir (14-16).

SPME, yangin enkazi analizi i¢in pasif absorbsiyon
tekniginin yeni bir varyasyonudur ve ¢oziicii
gerektirmeyen bir ekstraksiyon prosediirii olarak
gelistirilmistir  (17). SPME, diger ekstraksiyon
yontemlerine kiyasla bir dizi avantaja sahiptir.
Bu avantajlar arasinda, saha orneklemesi icin son
derece uygun olmasi, SPME ignesinin kromatografik
sistemlere dogrudan enjeksiyon yapabilmesi,
ornek hazirlama stirecinin daha kisa olmasi,
daha az numuneye ihtiya¢c duyulmas: ve diisiik
konsantrasyonlardaki maddelerin tespit edilebilmesi
yer almaktadir (18). Bu nedenle, SPME, tutusabilir
stvi kalintilarinin tespiti i¢in daha basit, daha hizl,
daha giivenli, ¢6ziicii icermeyen ve daha hassas bir
yontem olarak kabul gérmektedir (19).
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SPME ile ekstraksiyon islemi, 6rnekleme siiresi,

ornekleme sicakligi, oOrnek hacmi, Ornegin

karigstirilmasi, ornege pH ayarlamasi ve tuz

ilave edilmesi gibi kosullardan onemli diizeyde
(20).
bilegiklerin

etkilenmektedir Ekstraksiyon asamasinda,

ugucu ¢ozlinlirligiinii  azaltarak
ekstraksiyon verimliligini arttrmak igin Ornege
tuz eklenmesi, kabul goren ortak bir bilgidir. Bu
asamada ozellikle polar yapidaki ucucu bilesiklerin
coziuinlirliigi azalmakta ve ekstraksiyon verimi
artmaktadir (21). Tuz eklenen bir ortamda bilesigin
suda ¢oziintirliigiiniin azalmasiyla birlikte headspace
gecen bilesik miktar: artar ve fiber tarafindan daha

fazla absorbe edilir (22).

Ekstraksiyon verimliligi, analitlerin ¢oziintirligtiniin
azaltilmasi ve boylece fiber {izerinde emilen
analit miktarinin arttirilmasi yoluyla gelistirilmis
olur. Ancak bu etkinin analitin tiiriine ve tuz
konsantrasyonuna bagl oldugu unutulmamalidir
(22). Bu amagla, amonyum siilfat ((NH,),SO,),
sodyum Kklortir (NaCl), sodyum bikarbonat
(NaHCO,) ve potasyum karbonat (K,CO,) tuzlar

kullanilmaktir (23).

Tutusabilir sivi kalintilarinin tanimlanmasi, yangin
enkaz numunelerinde énemli bir rol oynamaktadir.
Bu konuda yapilan bir¢ok c¢alisma, farkli ornek
hazirlama ve analiz yontemleri kullanarak
tutusabilir sivilarin (benzin, dizel, kerosen vb.)
tanimlanmasinda gesitli parametreleri incelemistir.
Bu

kaynaklanabilecek matris girisimleri ve tutusabilir

parametreler arasinda  numunelerden
sivilarin yangin enkaz numunesinde ne kadar siire
ile kalabilecegi yer almaktadir (24-28). Ote yandan,
ugucu bilesenlerin  ekstraksiyon  verimliligini
arttirmak iizere tuz kullanilan calismalarin genellikle,
gida (29), alkollii igecekler (30,31), cevresel 6rnekler
(32,33), biyolojik o6rnekler (34,35) vb. matrislerde
yogunlastig1, ancak tutusabilir sivilarin igeriginde
bulunan ugucu bilesikler i¢in tuz etkisinin hentiz
arastirllmadigl goriilmiistiir. Bu c¢alismada hem
ulusal hem de uluslararasi ¢alismalardan farkl
olarak, tutusabilir bir sivi olan benzin i¢in tuz
eklenmesinin ugucu bilesikler {izerine -etkisinin
Kati Faz Mikroekstraksiyon-Gaz Kromatografisi/
Kiitle Spektrometresi (SPME-GC/MS) yontemi

kullanilarak arastirilmasi amaglanmustir.

YONTEM

Bu calismanin deneysel Istanbul
Universitesi—Cerrahpaga, Adli Tip ve Adli Bilimler
Enstitiisiit  Yangin ve Patlayic Madde Analiz
Laboratuvari’'nda gergeklestirilmistir.

basamaklari

Kimyasallar ve Ekipman

Bu calismada gerekli tiim reaktifler ve kimyasallar
analitik saflikta kullanilmistir. Tutusabilir sivi
(benzin) yerel bir benzin istasyonundan satin
alinmistir. E-1618-97 Test Mixture (Restek, Bellefonte,
PA) (toluen, p-ksilen, m,p-etiltoluen, o-etiltoluen ve
1,2 4-trimetilbenzen), Mixture A (MIDI, Newark,
Delaware) (m,p-etiltoluen, 1,2,3-trimetilbenzen,
1-etil-2,4-dimetilbenzen ve naftalin) ve Mixture C
(MIDI, Newark, Delaware) (1,24-trimetilbenzen ve
1-metil-3-propilbenzen) satin alinmis ve referans
malzeme olarak kullanilmistir. ¢Ozeltisi
hazirlamak igin Merck’'ten (Darmstadt, Almanya)
satin alman sodyum kloriir kullanilmistir. Tuz
¢ozeltisinin ¢ozlicl
ElgaPureLab su aritma sisteminden (LaneEnd, UK)
alinan ultra saf su (18.2 MQ cm) kullanilmustir.

Tuz

hazirlanmasinda olarak

Headspace siselerini (La-Pha-Pack, Langerwehe,
Almanya) 1sitmak i¢in Nuve FB-120 model etiiv
kullanilmistir. Bu c¢alismada kullamilan SPME
fiberleri 100-um c¢apinda polidimetilsiloksandan
(PDMS) yapilmistir ve Supelco’dan (Bellefonte, PA)
satin alinmigtir. Enstriimantal analiz, Agilent marka
8890 model gaz kromatografisi (GC) ve Agilent marka
5977B model kiitle secici (MS) detektorii (SantaClara,
California, ABD) kullanilarak gerceklestirilmistir.

Calisma plani

Bu calisma, tutusabilir bir sivi olan benzinin, tuz
eklenmesi sonucunda igerigindeki ugucu bilesikler
tizerindeki ekstraksiyon verimliliginin arastirilmasi
igin ev tekstil iirtinlerinden biri olan hali substrat:
kullanilarak gerceklestirilmistir.

Calismada kullanilan hali1 6rnegi yerel bir magazadan
satin alinmistir ve %100 polyester igerigine sahiptir.
Hali numuneleri 2.5 x 2.5 cm boyutunda parcalar
halinde kesilmistir. Ilk olarak girisim kontrolleri igin,
orneklemede kullanilan headspace sisesi belirlenen
stire ve sicaklikta, icinde numune olmadan SPME
ile ornekleme yapilarak 3 tekrarli olacak sekilde
analiz edilmistir. Ikinci asamada, hali numunelerinin
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polyester igeriginden kaynaklanan olas1 bir girisim
veya matris etkisini kontrol etmek igin hem
yanmamis hem de benzinsiz yanmig formlarda
ayni hali 6rneginden 3’er tekrarli olacak sekilde
hazirlanan toplam 6 hali numunesi analiz edilmistir.

Girisim ve matris etkileri kontrol edildikten sonra,
referans numune olarak benzinin ugucu bilesenlerini
tanimlamak tizere, 5er plL benzin eklenmis 3
ayrt kurutma kagidi 20 mL'lik headspace sisesine
yerlestirilerek analiz edilmistir.

Ekstraksiyon basamaginda kullanilan tuzun etkisinin
belirlenmesi i¢in, hali numunelerinin tizerine dairesel
bir sekilde 500 pL benzin eklenerek, numuneler
yakilmadan farkli siirelerde (2, 4, 6 saat ve 30, 45 giin)
tzerleri agik bir sekilde laboratuvar kosullarinda
bekletilmistir. Daha sonra yanmig 6rneklerde tuzun
etkisini gérmek icin, ayni kosullarda hali numuneleri
geker ocak altinda 30 saniye boyunca kismen
yakilmistir. Yanan numuneler havasiz birakilarak
sondiiriildiikten sonra, yine ayni siirelerde (2,
4, 6 saat ve 30, 45 giin) tizerleri acik bir sekilde
kosullarinda bekletilmigtir. Analizi
gergeklestirilecek numuneler (yanmamus ve yanmus),
analizden 6nce temiz bir pens kullanilarak 20 mL’lik
bir headspace sisesine yerlestirilmistir.
benzinin ugucu bilesenleri {izerindeki etkisinin

laboratuvar

Tuzun,

goriilmesi i¢in, headspace siseleri igerisinde bulunan
hali numunelerinin {izerine 2.5 mL 0.16 g/mL NaCl
cozeltisi eklenmistir (35). Daha sonra headspace
sislerinin agz1 sikica kapatilarak SPME-GC/MS
yontemi uygulanmistir. Her numune ii¢ tekrarh
olacak sekilde hazirlanmis ve toplam 60 numune
analiz edilmistir.

Ekstraksiyon

Bu calismada, SPME kosullarn igin, Kilic MD
vd., (2024) tarafindan optimize edilen deneysel
parametreler (6rnekleme siiresi, 1sitma sicaklig1 ve
desorpsiyon ve temizlik siiresi) uygulanmistir (36).
SPME fiberi kullanimdan 6nce 30 dakika boyunca
250°C sicaklikta bir GC enjeksiyon portunda
sartlandirilmistir. Benzinin ugucu kismi, 6 dakika
boyunca 70°C sicakliktaki siseye yerlestirilen bir
SPME fiberinde toplanmis ve ardindan 20 saniye
boyunca GC-MS’ye enjekte edilmistir. Ornekler
arasinda herhangi bir girisimi o6nlemek igin bir
temizleme prosediirii uygulanmis ve SPME fiberi

GC sisteminin enjeksiyon portunda 5 dakika 250°C
sicaklikta 1sttilmigtir. Ug  tekrarli gerceklestirilen
denemeler sonrasi kromatogramda elde edilen
ilgili bilesikler i¢in pik alanmnin ortalama degerleri
hesaplanmistir.

GC-MS analiz kosullari

GC-MS  kosullar1 literatiirde yer alan ¢alisma
kosullarinda  kiiglik  degisiklikler ~ yapilarak
belirlenmistir (25,36-39). Kapiler kolon olarak
Agilent HP-5MS, 30 m (L) x 250 um (ID) x 0.25 pm
(film kalinlig1) ayirma icin kullanilmistir. Enjektor
sicakligni 250°C’ye ayarlanmis ve helyum tasiyici
gaz akis hiz1 1,5 mL/dak olarak diizenlenmistir.
Numuneler 1:10 boliinme oran: ile enjekte edilmis
ve GC ile MS arasindaki transfer hatti 250°C’de
tutulmustur. Kiitle spektrometresi bir elektron
darbe iyonizasyon kaynag1 (70 eV) ve bir kuadrupol
kiitle analizorii ile donatilmis olup tam tarama
modunda (m/z = 50-500) ¢alismistir. Firin sicaklig1
baslangicta 2 dakika siireyle 40°C’de tutulmus, daha
sonra 10°C/dak hizinda 100°C’ye kadar arttirilmus,
ardindan 50°C/dak hizinda 250°C’"ye kadar ikinci bir
sicaklik rampas1 uygulanmis ve son olarak 3 dakika
bekletilmistir. Toplam analiz siiresi 16 dakikadur.
Tespit edilen bilesiklerin tanimlanmasi, ChemStation
Yazilimi (ver. F.01.03.2357, Agilent Technologies)
kullanilarak kiitle spektrum kiitiiphanesi ve standart
bilesiklerin alikonma stirelerinin karsilastirilmasiyla
gerceklestirilmistir.

Bulgularin degerlendirilmesi
Yangin hizlandirict
tanimlamak {izere ASTM
Standart  Test
kullanilmistir.  Sonuglar,
belirtilen ve zorunlu olarak bulunmasi gereken
bilesikler (m-etiltoluen, p-etiltoluen, o-etiltoluen,
1,3,5-trimetilbenzen, 1,2,4-trimetilbenzen) dikkate
almarak degerlendirilmis ve bu bilesikleri iceren

olarak kullanilan benzinin
tarafindan
E1618-19
kilavuzda

varligimi
belirtilen Yontemi

kilavuzu

numuneler benzin kalintis1 agisindan pozitif kabul
edilmistir (13). Ornek hazirlamada kullanilan tuzun
etkisini oransal olarak degerlendirmek icin ise bu 4
bilesigin ortalama pik alanlarinin oranlar1 ve standart
sapmast Microsoft Office,
hesaplanmistir.  Boylece

Excel programinda
siire  bekletilen
numunelerin igerisindeki benzin kalintilarina tuzun

ayni

etkisi hakkinda degerlendirme yapilmustir.
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BULGULAR

Benzin Analizi

SPME tarafindan orneklemesi yapilan benzin igin
tanimlanan 18 bilesigin isimleri, kod numaralar1 ve
alikonma zamanlar1 Tablo 1’de ve benzinin SPME
kromatogrami Sekil 1’de gosterilmistir. Benzinin ilk
12.5 dakika i¢inde ¢ok sayida ugucu bilesik icerdigi
goriilmistiir. Bu  bilesiklerden,
(6), 1,35-trimetilbenzen (7), o-etiltoluen (8) ve
1,2 4-trimetilbenzen (9) ASTM-E 1618 standardinin
benzin varligimin tanimlanma kriteri oldugu igin, bu

m,p-etiltoluen

calisma sirasinda benzinin varligimi kontrol etmek
i¢in belirte¢ olarak kabul edilmistir (13).

Yanmamis Hali Orneklerinde Tuzun Etkisi
Bu calismada, Oncelikle benzin eklendikten sonra
yakilmadan 2, 4, 6 saat ve 30, 45 giin bekletilen

hali numuneleri, Orneklere tuz eklenmesi

durumunda benzinin ugucu bilesenlerinin SPME’de
ekstraksiyon verimliligini arttirtp arttirmadigin
belirlemek {izere degerlendirilmistir. Ornekleme
asamasinda tuz ¢ozeltisi (0.16 g/mL NaCl) eklenen
hali numuneleri ile tuz ¢ozeltisi eklenmeyen hali
numuneleri SPME ile 6rneklenmis ve GC-MS sistemi
ile analiz edilmistir.

Benzin eklendikten sonra yakilmadan 2, 4 ve 6
saat bekletilen, tuz ekleyerek ve tuz eklenmeden
SPME ile 6rneklemesi yapilan hali numunelerinin
sonuglar: incelediginde, tiim siirelerde benzinin
tespit edilebilir oldugu goriilmiistiir (Sekil 2). Ug
farkli siirede, tuz c¢ozeltisi iceren ve icermeyen
orneklerin kromatogramlarinin iist tiste cakistirilarak
goriintiilendigi bu gorselden de anlasilacag: tizere
ASTM standardinda belirtilen 4 bilesigin tiimii
numunelerde tespit edilebilmistir.

Tablo 1. Benzin icin tanimlanan bilesikler, alikonma zamanlari ve bilesiklerin kodu

Kod Bilesik Alikkonma Zamani (dk.) (+SD)  Kod Bilesik Alikonma Zamani (dk.) (+SD)
1 Toluen 4.099 (x0.002) 10 1,2,3-Trimetilbenzen 8.627 (+0.001)
2 Etilbenzen 5.736 (+0.002) 11 1-Metil-3-Propilbenzen 9.204 (+0.001)
3 p-Ksilen 5.877 (+0.002) 12 1-Etil-2,4-Dimetilbenzen 9.999 (+0.002)
4 m-Ksilen 6.304 (£0.002) 13 1,2,3,4-Tetrametilbenzen 10.562 (£0.001)
5 n-Propilbenzen 7.388 (+0.002) 14 1,2,4,5-Tetrametilbenzen 10.625 (+0.001)
6 m,p-Etiltoluen* 7.528 (x0.001) 15 1,2,3,5-Tetrametilbenzen 11.019 (+0.003)
7 1,3,5-Trimetilbenzen* 7.646 (£0.002) 16 Naftalin 11.346 (+0.001)
8 o-Etiltoluen* 7.850 (x0.001) 17 2-Metilnaftalin 12.139 (x0.002)
9 1,2,4-Trimetilbenzen* 8.085 (+0.001) 18 1-Metilnaftalin 12.231 (+0.000)

*ASTM Standart Test Yontemi E16180-19 tarafindan belirlenen benzin tanimlanmasi igin gerekli bilesikler [13]. SD: Standart sapma
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Sekil 1. Benzin 6rneginin toplam iyon kromatogrami
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Sekil 2. Benzin eklenip yakilmadan 2, 4 ve 6 saat bekletilen hali 6rneklerinin toplam iyon kromatogrami karsilastirmasi

1 40E+09
120E+09
1.00E+09
2
3 SO0E+08
ﬁ 5.00E+03
4.00E+03
2.00E+08 II I I I I
-~ T T T .
%616 tuz %016 tuz %016 tuz
2.zaat 4.zaat 6.zaat
Em,p-etiltoluen LI1IE+H0% 5.34E+03 1.53EH)3 246E+038 1.71IE+08 TOSEHYT
m13 5 trimetilbenzen  4.835E+08 2.21E+D8 1.19E+H0)3 1.10E+08 8.58E+07 A34EHT
m p-etiltoluen 4.31E+08 2.23E+08 1.15E+H)3 1.08E+H08 84IEHD7 A TSEHYT
#l2 d-trimetilbenzen, 1.27TE+09 6.54E+08 4.09E+H)8 4.01E+08 3.73E+08 1.95E+08
Emp-etiltoluen  ® 1.3, 5trimetilbenzen  wo-etiltoluen = 1,2 4trimetilbenzen
Sekil 3. Benzin eklenip yakilmadan 2, 4 ve 6 saat bekletilmis hali 6rneklerinde bilesiklere gére tuzun etkisi
Ay stirede bekletilen iki farkli numune grubunun, hali  numunelerinin  sonuclar1  incelediginde,
tuzun etkisini izlemek tizere pik alanlarmin = tiim siirelerde benzinin tespit edilebilir oldugu
oranlar1 degerlendirildiginde, 2 ve 6 saat bekletilen  goriilmiistiir (Sekil 4).
numunelerde tuz eklemenin ortalama pik alanlarimni
Benzin  eklendikten = sonra  yakma  islemi

yaklasik %50 diistirdiigii [%48 (+0.03) ve %47 (+0.04),
sirasiyla], 4 saat bekletilen hali numunelerinde ise
her iki 6rnekleme yonteminin de birbiri ile benzer

sonug gosterdigi goriilmiistiir (Sekil 3).

Ayni sekilde benzin eklendikten sonra yakma
islemi gerceklestirilmeden 30 ve 45 giin bekletilen

gerceklestirilmeden 30 ve 45 giin bekletilen hali
numuneleri tuz etkisi agisindan incelendiginde,
Sekil 5'te goriildiigi gibi O6rnekleme asamasinda
tuz eklendiginde ilk siirelerin aksine (2, 4 ve 6
saat) benzinin pozitif tanimlanmas: igin gerekli 4
zorunlu bilesigin her iki siire i¢inde pik alanlarinda
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Sekil 4. Benzin eklenip yakilmadan 30 ve 45 giin bekletilen hali 6rneklerinin toplam iyon kromatogrami karsilastirmasi

6.00E+06
5.00E+06
i 4 00E+06
|
=
E 3 .00E+06
2 .00E+06
o I“ 18
i 2516 tuz - %16 tuz
30.giin 45.giin
Em,p-etiltoluen 4.7T1EHI5 1.49EH06 1.48E+)5 9.80EH)5
m].3.5-trimetilbenzen 4.62EHI5 1.54EH06 1.65E+05 1.1TE+06
M p-etiltoluen 5.58EH)5 1.71E+Hl6 2.02E+HD5 1.30E+HD)o
1,2 4-trimetilbenzen 1.89E+H)6 6.26EH)G 6.48EHD)5 4.75EH06
B m_p-etiltoluen E 1.3, 5-tnimetilbenzen E o-ctiltoluen 1.2 4-trimetilbenzen

Sekil 5. Benzin eklenip yakilmadan 30 ve 45 giin bekletilmis hali 6rneklerinde bilesiklere gore tuzun etkisi

artig gorilmiistiir. Yiizde 16'lik tuz igerigine sahip
hali numunelerinde ekstraksiyon verimliliginin
tuz icermeyen Orneklere gore 30. giin 6rneklerinde
ortalama 3.21 (+0.13) kat, 45. giin numunelerinde ise
ortalama 6.88 (+0.39) kat artis gosterdigi goriilmiistiir.

Yanmis hali 6rneklerinde tuzun etkisi

Gergek olay yerine daha yakin bir
olusturmak {izere hali numunelerine
eklendikten sonra, numuneler yakilmis ve benzin
kalintilarinin bulunmasi igin 2, 4, 6 saat ve 30 ve 45

senaryo
benzin

giin bekletildikten sonra tuz ¢ozeltisi igeren (0.16 g/
mL NaCl) ve icermeyen 6rnekler SPME yontemi ile
ekstrakte edilerek analiz edilmistir. Her bir bekleme
stiresi i¢cin numuneler ¢ tekrarli olacak sekilde
calisilmigtir.

Benzin eklendikten sonra yakilarak 2, 4 ve 6 saat
bekletilen, tuz ekleyerek ve tuz eklenmeden
SPME ile 6rneklemesi yapilan hali numunelerinin
sonuglar1 incelediginde, tiim siirelerde benzinin
tespit edilebilir oldugu goriilmiistiir (Sekil 6).
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Sekil 6. Benzin ile yakilarak 2, 4 ve 6 saat bekletilen hali 6rneklerinin toplam iyon kromatogrami karsilastirmasi

T00E+07
&6 00E+07
3. 00E+07
g 4 Q0E+O7
ﬁ 3.00E+07
2 00E+07
1.00E+07 I I I II I
G II A I-- I-I II
’ 2916 tuz %4916 tuz %916 taz
2.zaat 4.zaat G.zaat
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Sekil 7. Benzin ile yakilarak 2, 4 ve 6 saat bekletilmis hali 6rneklerinde bilesiklere gére tuzun etkisi

iki farkli
izlemek tizere pik

stirelerde  bekletilen numune

grubunun, tuzun etkisini
alanlarinin oranlar1 degerlendirildiginde, yanmadan
analiz edilen numunelerin aksine, 2, 4 ve 6 saat
bekletilen numunelerde tuz eklemenin ekstraksiyon
verimliligini pozitif yonde etkiledigi, doért hedef
bilesigin pik alanlari ortalamasmin, 2. saatte 1.36
(x0.03), 4. saatte 4.08 (+0.16), 6. saatte ise 2.64 (+0.13)
kat arttirdig: goriilmiistiir (Sekil 7).

Ayni

Benzin eklendikten sonra yakilan, 30 ve 45
glin bekletilen hali numunelerinin sonuglar:

incelediginde, her iki siire iginde ve her iki 6rnek
hazirlama yonteminde de benzinin tespit edilebilir
oldugu goriilmiistiir (Sekil 8).

Ornek hazirlama basamaginda eklenen tuz
¢ozeltisinin ekstraksiyon verimliligi {izerine etkisi
30. ve 45. giin numunelerinde degerlendirildiginde,
her iki Ornekleme iginde hedef bilesiklerin
ekstraksiyon verimliligin benzer oldugu, 30. giin
orneklerinde ortalama pik alanlarinin 1.06 (+0.03),
45. giin i¢in 0.92 (+0.08) kat degisiklik gosterdigi

goriilmiistiir (Sekil 9).
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Sekil 8. Benzin ile yakilarak 30 ve 45 giin bekletilen hali 6rneklerinin toplam iyon kromatogrami karsilastirmasi
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Sekil 9. Benzin ile yakilarak 30 ve 45 gtin bekletilmis hali 6rneklerinde bilesiklere gére tuzun etkisi

TARTISMA

SPME  teknigi
ucucu bilesenlerin analizi igin yaygm olarak
kullanilmaktadir (40). SPME ile gerceklestirilen
ornekleme islemini, 6rnekleme siiresi, 6rnekleme
sicakligl, desorpsiyon siiresi, kullanilan fiber tipi,
ornegin pH degeri ve Ornege tuz eklenmesi gibi
faktorler etkilemektedir (21). Ugucu bilegenlerin
diger matrislerden (gida, su, toprak vb.) oldugu gibi,
tutusabilir sivi igeren yangin numunelerinden de
etkin olarak ekstrakte edilmesi igin bu parametrelerin
optimize edilmesi Onem tagimaktadir. Bu amagla
benzin kalinti analizinde Kilic MD vd., (2024)

glinlimiizde  bircok  matriste

tarafindan optimize edilen SPME kosullarma

(6rnekleme  siiresi, Ornekleme  sicakligi  ve
desorpsiyon siiresi) (36) ek olarak, ekstraksiyonda
kullanilan tuzun etkisinin SPME ekstraksiyon

verimliligi tizerine etkisi incelenmistir.

Oncelikle benzinin igerdigi ugucu bilesenleri tespit
etmek {iizere yapilan pozitif kontrol c¢alismasi
incelendiginde, benzinin 18 farkli ugucu bilesene
sahip oldugu sertifikali referans materyaller ile
ASTM
tarafindan belirlenmis, yangin olay yerinden elde

desteklenmistir. Bu calismada, sadece

edilen numunelerde benzin kalintisi oldugunu
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kanitlayan ve benzinde bulunmasi zorunlu olan
bilesikler  (m,p-etiltoluen, 1,3,5-trimetilbenzen,
o-etiltoluen ve 1,2 4-trimetilbenzen) tizerinde
durulmus olup diger 14 bilesik dikkate alinmamustir.

Hali numunelerine benzin eklendikten sonra
yakmadan bekletilen siirelerde  sonugclar
bu 4 bilesik icin pozitif bulunmustur. Tuz ile
ve tuz eklemeden yapilan SPME denemeleri
karsilastirildiginda 2 ve 6 saat bekletilen yanmamis
hali numunelerinde tuz ile yapilan 6rneklenmenin
hedef 4 bilesik igin ekstraksiyon verimliligini
diisiirdiigli, 4. saatte ise herhangi bir etkisinin
olmadig1 goriilmiistiir. Otuz ve 45 giin bekletilen
hali numuneleri incelediginde ise ekstraksiyon
verimliligin sirasiyla ortalama pik alanlarinda 3.21
ve 6.88 kat artis sagladig1 goriilmiistiir. Yanmadan
kisa stireli bekletilen (2, 4 ve 6 saat) Orneklerde
tuzun ekstraksiyon verimliligine bir katkisinin
olmamasi, aksine 2 ve 6. saatlerde pik alanlarinda
azalma meydana gelmesi ancak 30 ve 45 giin gibi
uzun siire bekleyen oOrneklerde tuz ile muamele
etmenin benzin kalintismin tespitine olumlu yonde
katk: saglamasi tuzun ozellikle iz analizlerinde etkili
oldugu yoniindeki bilgiyi dogrulamaktadir (21). Zira
numuneler yakilman analiz edildigi i¢in 6zellikle 2,
4 ve 6. saatler benzin igerisinde yer alan bilesikler
yliksek konsantrasyonda bulunmaktadir (Sekil 3).

tim

Hali numunelerini yakmadan gerceklestirilen
deneysel calismalardan sonra, benzin igeren hali
numuneleri yakilarak ayni siirelerde laboratuvar
ortaminda bekletilmistir.
numunelerinde oldugu gibi, benzin eklendikten
sonra yakilan tiim numunelerde aranan 4 bilesik
tespit edilmis ve sonuglar benzin kalintis1 agisindan

pozitif olarak degerlendirilmistir.

Yanmamis hali

Yanmis ve 2, 4 ve 6 saat bekletildikten sonra analiz
edilmis numuneler ekstraksiyon asamasinda eklenen
tuzun etkisi agisindan incelediginde, yakilmadan
bekletilen numunelerden farkl olarak, tiim stirelerde
tuz eklenmeyen numunelere gore daha yiiksek
ekstraksiyon verimliligi gostermistir. Yakildiktan
sonra 30 ve 45 giin bekletilerek analiz edilen
numunelerin ekstraksiyon verimliligi incelediginde
ise yakilmadan bekletilen numunelerden farklh
olarak tuzun ekstraksiyon verimliligine etkisinin
olmadig1 tespit edilmistir. Calisma boyunca 30 ve

45 giiniin sonunda yanmis hali numunelerinin sert
bir forma doniistiigii gozlemlendiginden, eklenen
tuz ¢ozeltisinin benzin kalintilar1 ile etkilegsime
giremedigi, bu nedenle ekstraksiyon verimliligine
etki etmedigi diistintilmektedir.

Tuzun, SPME yonteminin ekstraksiyon verimliligi
etkisi ile ilgili calismalar
incelediginde, yangin kalinti analizlerinde veya
tutusabilir icerisinde bulunan ucucu
bilesenler ile yapilmis bir ¢alismaya rastlanmamustir.
Arastirmalar genellikle gida, su, biyolojik 6rnek
vb. matrislerdeki ucucu bilesenlerin ekstraksiyon
yogunlasmustir  (32,33,35).
Kusano vd. (2011) calismalarinda, insan biyolojik
orneklerinde bulunan ucucu organik bilesiklerin
icin SPME yonteminin gelistirilmesini
amaclamis  ve etkisinin  ekstraksiyon
verimliligi  {izerine  etkisini  incelemislerdir.
Deneysel c¢alismalarinda bes farkli inorganik
tuz (NaCl, KCl, MgSO,, K,CO, ve Na,CO,) icin
denemeler gerceklestirmisler, en iyi ekstraksiyon
verimi saglayan tuz tiriiniin NaCl olduguna karar
vermislerdir (34).

tizerine yapilan

sivilar

verimliligi  {izerine

analizi
tuzun

Alonso vd., (2012) calismalarinda, kan 6rneklerinde
ugucu bilesenlerin tespitii¢in eniyi deneysel kosullar1
bulmak amaciyla farkli etkileri (6rn. seyreltme
ve tuzlama) degerlendirmisler, benzen, toluen,
etilbenzen, m,p-ksilen, o-ksilen vb. bilesiklerin
ekstraksiyon verimliligini iyilestirmek tizere 0.16 g
mL! NaCl kullanmiglardir. Tuzun ugucu bilesenler
iizerinde pozitif bir etkisi oldugunu ve ekstraksiyon
verimliligini arttirdigim  tespit etmislerdir (35).
Bizde calismamizda Alonso vd. (2012) calismasinda
kullanilan miktarda NaCl ¢o6zeltisi kullanarak hem
ASTM E1618-19 standardinda belirtilen 4 zorunlu
bilesigin, hem de bu ¢alismada verileri sunulmayan
ancak benzinin igeriginde bulunan, benzen, toluen,
etilbenzen, m,p-ksilen ve o-ksilen gibi bilesiklerin
geri kazanimlarmin arttigimi gézlemledik (13,35).

Higashikawa  vd.,  (2013)  gergeklestirdikleri
calismada, numunelerdeki  belirli
ugucu bilesiklerin analizi igin SPME yontemini
kullanmislardir. Calismalarinda 6rnekleme stiresinin
ve ornekleme sicakhigimin optimizasyonu haricinde
tuzun ekstraksiyon verimliligi iizerine etkisini de
incelemislerdir. Calismalarinda kullandiklar1 NaCl

cevresel
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tuzunun hedef ugucu bilesenler icerisinden polar
olan bilesenlerde (n-biitanol ve 4-metil-2-pentanon)
ekstraksiyon  verimliligini  arttirdigi,  apolar
bilesiklerde ise (dodekan, B-pinen ve o-etiltoluen)
tuz eklenen ve tuz eklenmeyen numunelerin
sonucunun benzer oldugunu goézlemlemislerdir
(32). Calismamizda inceledigimiz 4 hedef bilesik
icerisinde bulunan ve apolar yapida olan o-etiltoluen
bilesiginin geri kazaniminin bu ¢alismada belirtilenin
aksine tuz ile muamele edilen 6rneklerde, 6zellikle
yanmadan 30 ve 45 giin bekletilen ve yaktiktan
sonra 2, 4 ve 6 saat bekletilen hali numunelerinde,
artig gosterdigi tespit edilmistir (32). Her ne kadar
ekstraksiyon sirasinda tuz kullaniminin &zellikle
polar bilesikler icin iyilestirici oldugu bildirilse de,
diger calismalarda kullanilan o6rnek tiirleri farklh
oldugundan sonuglarin degiskenlik gosterebilecegi
distinilmektedir (21,32).

Olay yeri incelenmesinde kritik saatler olan 2., 4.
ve 6. saatlerin haricinde, ikinci bir goriis istenmesi
durumda numuneler uzun siire bekleyebileceginden
benzin kalinti analizinde tuz kullanilmasinin
ekstraksiyon verimliligi iizerine etkisini incelemek
icin ayrica 30. ve 45. giinler de caligmaya dahil
edilmistir. Sekil 8’de de goriildiigii lizere yakildiktan
sonra 30 ve 45 giin bekleyen hali numunelerinde
hem tuzsuz Ornekleme hem de tuz ile 6rnekleme
sonuclart benzin kalintilarinin varligr agisindan
pozitif bulunsa da tuz ile muamele etmenin sonuglara
olumlu bir katkis1 olmadig: goriilmiistir. Kilic MD
vd., (2024) tarafindan optimize edilen SPME (70°C
ekstraksiyon sicakligi, 6 dak. Ekstraksiyon siiresi ve
20 s desorpsiyon siiresi) kosullari ile gergeklestirilen
bu calismada, tuz ile muamele edilen 6rneklerde
ekstraksiyon verimliliginin benzer oldugu goriilse
de (36) SPME disinda farkli bir 6rnekleme yontemi
kullanilarak tuz varhginda ekstraksiyon veriminin
degisiminin izlenmesi gerektigi diisiiniilmektedir.

SONUC

Tutusabilir bir s1v1 olan ve kasith yanginlarda siklikla
kullanilan benzinin kalinti analizinde tuz ¢6zeltisi
kullanmanin ekstraksiyon verimliligi tizerine etkisi
ilk kez bu calismada incelenmistir. Laboratuvar
ortaminda kontrollii sekilde yapilan bu ¢alismanin
tiim sonuglar: bir biitiin olarak degerlendirildiginde
ekstraksiyon sirasmnda tuz kullaniminmn, yanmamus

benzin igeren ve uzun siire bekletilen numunelerde
ve yanmis benzin iceren ve 6 saate kadar bekletilen
numunelerde meydana getirdigi
gorilmiistiir. Ancak yine de unutulmamalidir ki,
her yanma ve her yangm olay yeri kendine has
ozellikler barindirmaktadir. Ote yandan galismada
kullanilan hali igerigi,
orneklemede kullanilan miktar1 da dikkate alinarak
benzer calismalarin farkli igerige sahip (pamuk,
akrilamid vb.) matrislerde de gerceklestirilmesinin,
ayrica farkli tuz konsantrasyonlarmin ve tiirlerinin
[(NH,),SO,, NaHCO, vb.] ekstraksiyon verimliligi
lizerine etkisinin aragtirilmasmin yangin enkaz
analizlerinde ve bilirkisilik faaliyetlerinde faydal
olacag: diistiniilmektedir.

olumlu etki

numunesinin kalinligi,

Etik Kurul Onayw: Caligmada hali materyali kullamilnug olup, herhangi bir
biyolojik ornek veya insana ait bilgi vb. materyal kullanilmadigr icin, etik kurul
onayr almmanmugtir.

Finans: Bu ¢aligma icin hig bir kurum veya kurulustan finansal destek almmanugtir.
Cikar catismas: Yazarlar ¢ikar ¢atismast olmadigini beyan eder.

Tesekkiir: Bu caligma, Istanbul Kalkinma Ajanst tarafindan TR10/18/YMP/0057
numarali proje ile desteklenmistir.
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Duyulardan veya organlardan birinin islevinin siirekli
zayiflamasi ya da yitirilmesi yoniinden degerlendirilen
list ekstremite ortopedik arazlarinin maluliyet ve oziirliiliik
acisindan irdelenmesi

Evaluation of orthopedic upper-extremity disorders assessed in terms of permanent
functional weakness or functional loss through the council of forensic medicine disability
and impairment calculations

Hatice Ak*, Erkan Dogan, Duygu Giiles, Kagan Gurpinar
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OZET

Amag: Tiirrk Ceza Kanunu'nda Tanimlanan Yaralama Suglarinin Adli Tip Agisindan Degerlendirilmesi Rehberi'nde ceza kanunu cercevesindeki degerlendirmelerin,
tazminat veya borglar hukuku cercevesindeki maluliyet, meslekte kazanma giiciinden kayip orani veya engellilik oranlari ile karigtirilmamas: gerektigi; ancak karar
verilemeyen durumlarda maluliyet/engellilik listelerine gore bir oran hesaplanarak karar verilebilecegi belirtilmistir. Calismamizda bu yénetmeliklerin duyulardan
veya organlardan birinin islevinin siirekli zayiflamas1 ya da yitirilmesi(OBISZ/Y) kararlarinda kullanilabilirligini tarismak ve nasil kullanilmas: gerektigi konusunda
katkida bulunmak amaglanmistir.

Yontem: Calismamizda Adli Tip Kurumu Adli Tip 2. Thtisas Kurulu tarafindan 2014-2018 yillari arasinda kurul muayenesi yapilarak OBISZ/Y hususunda gériis
bildirilmis olan ve sadece {ist ekstremite ortopedik yaralanmasi olanlar ¢alismaya dahil edilmis eslik eden nérolojik hasar1 olan olgular dislanarak 211 olgu elde
edilmistir.

Bulgular: Calismamizda 211 olgudan 49'u (%23,2) i¢in yaralanmasimin organlarindan birinin islevinin siirekli zayiflamasi niteliginde oldugu, 19'u (%9) i¢in ise
yitirilmesi niteliginde oldugu yoniinde goriis bildirildigi goriilmiistiir. Kemik kirigina baglh yaralanmalarin %64,9 ile ilk sirada, %17,1 ile ampiitasyon yaralanmalarinin
ise ikinci sirada geldigi, olgularin 82’sinin (%38,9) el parmaklarindan, 68'inin (%32,2) omuz bolgesinden yaralanmis oldugu tespit edilmistir. Yapilan korelasyon
analizi sonucunda OBISZ/Y ile D ve E cetveline gore hesaplanan maluliyet orani arasinda pozitif yonlii iyi derecede korelasyon oldugu, OBISZ/Y ile el, iist
ekstremite, tiim viicut oziirliiliik diizeyi arasinda pozitif yonlii mitkemmel derecede korelasyon oldugu gozlenerek, her iki yonetmelige ait cetvellerin de OBISZ/Y
kararlarmin olusturulmasinda kullanilabilecegi diisiiniilmiistiir. Islevde yitirilme karari icin ROC analizinde duyarlilig1 ve 6zgiilliigii en optimal aralikta olacak
sekilde yapilan cut off sinir tespitinde; iist ekstremite 6ziirliiliik oraninda %32.5, tiim viicut 6ziirliiliik oraninda ise ytiizde % 19.5 degerleri bulunmustur.

Sonug: Ulagilabilen literatiirde benzeri olmayan calismamizda TCK’da Tanimlanan Yaralama Suglarmin Adli Tip Agisindan Degerlendirilmesi Rehberi'nde yer
alan ekstremite fonksiyon kayiplarina yonelik kriterlerin netlestirilerek ayrintilandirilmasi gerektigi, tist ekstremite yaralanmalarinda el, el bilegi, 6n kol, dirsek, kol
ve omuz bolgelerinin ayr1 ayri organ olarak degerlendirilip degerlendirilmeyecegi konusunda birlik saglanmasina ihtiyac oldugu, bu konuda ozellikle Oziirliilitk
Yonetmeligi ekinde yer alan cetvellerden faydalanilabilecegi sonucuna varilmistir. Zayiflama ve yitirilme kararlar igin kullanilabilecek maluliyet ve oziirliiliik
oranlar1 hesaplanip 6neri olarak sunulmustur.

Anahtar Kelimeler: [slev zayiflamast, islev yitirilmesi, maluliyet, oziirliiliik, iist ekstremite

ABSTRACT

Objective: In the Guide for Assessment of Offences Against Physical Integrity Which were Described in Turkish Penal Code in terms of Forensic Medicine,
evaluations within the framework of the criminal law should not be confused with capacity to work and vocational permanent disability rates or disability rates
within the framework of the law of compensation or obligations; however, it has been stated that in cases where a decision cannot be made, a decision can be made by
calculating a rate according to the disability lists. In our study, we aimed to discuss the usability of these regulations in decisions regarding the permanent weakening
or loss of the function of one of the senses or organs (PWFLSO) and to contribute to how they should be used.

Methods: We retrospectively examined 211 cases, having upper extremity orthopedic injuries not accompanied by neurological damage, which were reported and
examined by the Ministry of Justice Council of Forensic Medicine Second Forensic Medicine Specialization Board regarding permanent weakening or loss of the
function of one of the senses or organs between the years of 2014-2018.

Results: In our study, it was observed that in 49 (23.2%) of 211 cases were stated as “permanent weakening function of one of the senses or organs” and in 19 (%9)
of 211 cases were stated as “permanent loss of the function of one of the senses or organs”. It was determined that the most frequent cases were bone fractures with
64.9%, followed by amputation injuries with 17.1% and 82 (38.9%) of the cases were injured on the phalanx and 68 (32.2%) were injured on the shoulder. As a result
of the correlation analysis, there is a good positive correlation between PWLSO and the disability rate calculated according to “Regulation on the Procedures on the
Determination of the Loss of Working Power and Profitability Rate”, also there is very high positive correlation between PWLSO and hand, upper extremities and
whole person impairment according to “The Scale of Disability Rates” therefore it is thought that scales of both regulations can be used for reports of PWLSO. In the
ROC analysis for the decision of loss of function, the cut-off limit is determined in a way that the sensitivity and specificity are in the most optimal range; it is found
that the upper extremity disability rate was 32.5%, and the whole body disability rate was 19.5%.

Conclusion: In our study, which is unique in the available literature, the criteria for extremity function losses in the Guide for Assessment of Offences Against
Physical Integrity Which were Described in Turkish Penal Code in terms of Forensic Medicine should be clarified and detailed, there is a need to establish unity on
whether the hand, wrist, forearm, elbow, arm and shoulder regions should be evaluated as separate organs in upper extremity injuries. It has been concluded that
especially the tables in the annex of The Scale of Disability Rates can be used in this regard.

Keywords: Upper extremity, functional weakness, loss of function, disability, impairment
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GiRis

Duyulardan veya organlardan birinin islevinin
slirekli zayiflamasi ya da yitirilmesi (OBISZ/Y)
hususu, 5237 sayili Tiirk Ceza Kanunu'nda (TCK)
Viicut Dokunulmazligma Karsi Islenen Suclar
isimli Ikinci Boliimiinde yer alan adli travmatoloji
ile ilgili kasith veya taksirle gergeklesen viicut
dokunulmazhigimin ihlali niteligindeki yaralama
suglarinin netice sebebi ile agirlasmis hallerini
isleyen 87. ve 89. maddelerde yer almaktadir. S6z
konusu maddelerde kasten yaralama filli magdurun

OBISZ/Y ile sonuclanmasi durumu ceza artirimi ile
karsilik bulmaktadir (1).

S6z konusu kasith veya taksirle gerceklesen viicut
dokunulmazhginin ihlali niteligindeki yaralanmalar
sonrasi kisilerin magduriyetinin giderilmesi ve sebep
olan kisinin gerekli cezay1 alabilmesi konusunda
adli mercilere yardimci olmasi igin “Tiirk Ceza
Kanunu'nda Suglarmin
Adli Tip Agisindan Degerlendirilmesi Rehberi” ad1

Tamumlanan Yaralama

altinda oldukga kapsamli bir kilavuz hazirlanmistir.
Rehberde genel olarak o organ veya ekstremitenin
kendi anatomik yapisi ve/veya fonksiyonuna gore
%10-50 arasindaysa “islevin siirekli zayiflamas1”;
%50'nin tistiinde ise “islevin yitirilmesi” olarak
degerlendirilmektedir (2). Ayrica isitme ve gdrme
islevlerindeki kayiplara yonelik nispeten ayrintili
ve belirgin kriterler belirlenmis olmasina ragmen,
ekstremite fonksiyonlarmi etkileyen durumlar igin
net standartlar bulunmamaktadar.

Uygulama siirecinde ortaya ¢ikan tartismali hususlar
ve rehberde gozlenen eksikleri gidermek {izere 2016
yilinda baslayan giincelleme calismalari, 01/07/2019
tarihinden itibaren kullanilacak rehber olarak Adli
Tip Kurumu(ATK) resmi sitesinde yaymlanmistir. Bu
rehberde DOBISZ/Y hususunda, éncekinden farkli
olarak duyu veya organlar ile kas-iskelet sistemini
olusturan yapilarin islevinde, yasa baglh ya da
nontravmatik baska nedenlerle zayiflama veya kayip
varken olusan travma sonrasi islevdeki zayiflamanin
arttigl veya islevin yitirildigi durumlarda, “son
kisitlilik” — “6nceki kisitlilik” geklinde fark hesabi
yapimasi, fark %10’dan fazla ise (%10 dahil) islev
zayiflamasi, fark %50’den fazla ise islevin yitirilmesi
olustugu kararina varilmasi gerektigi hususu

eklenmistir. Her bir duyu, organ veya ekstremitedeki

arazlarin kendi icginde degerlendirilmesi, diger
duyu, organ veya ekstremitedeki arazlarin oranlari
ile toplama yapilmayacagi, her biri i¢in ayr1 sonug
verilecegi belirtilmigtir. Ek olarak rehberde ceza
kanunu cergevesindeki bu degerlendirmelerin,
tazminat veya borglar hukuku cercevesindeki
maluliyet, meslekte kazanma giiciinden kayip orani
veya engellilik oranlari ile karistirilmamasi gerektigi;
ancak karar verilemeyen durumlarda maluliyet/
engellilik listelerine gore bir oran hesaplanarak karar
verilebilecegi belirtilmistir (2).

Adli tip agisndan maluliyet; herhangi bir travma (is
kazasi, trafik kazasi, atesli silah yaralanmasi, darp,
yliksekten diisme, vb.) ile olusan ve insan viicudunun
biittinliiglinii bozan yaralanmalarin ya da ¢alistiklar:
meslekle ilgili ortam kosullarndan kaynaklanan
veya bu ortamlarda kullanilan fiziksel ve kimyasal
ajanlara bagl olarak viicut organ ve dokularinda
meydana gelen rahatsizliklarm (silikozis, pansitopeni
vb.) tiim tedavilerden sonra tamamen iyilesemeyip,
bu arizanin sekel halinde devam etmesi seklinde
tanimlanmaktadir. Maluliyetin, bazi parametreler
baz alinarak hazirlanmais cetvellerden yararlanilarak,
oranmin (tiim viicudun meslekte kazanma giiciine
oranla kayip miktarimin) belirlenmesine ise maluliyet
orani (meslekte kazanma giicii kaybi orani) adi
verilmektedir (3).

5378 Sayili Engelliler Kanununa gore “dogustan
veya sonradan herhangi bir nedenle bedensel,
zihinsel, ruhsal, duyusal ve sosyal yeteneklerini cesitli
derecelerde kaybetmesi nedeniyle toplumsal yasama
uyum saglama ve giinliik gereksinimlerini karsilama
giigliikleri olan ve korunma, bakim, rehabilitasyon,
danismanhk ve destek hizmetlerine ihtiya¢ duyan
kisi “6ziirlii” olarak tanimlanmaktadir (4). Engellilik
ise, bir yetersizlik ya da 6ziir nedeni ile kisinin yasina,
cinsiyetine ve kiiltiirel faktorlere bagh olarak kendisi
icin normal kabul edilen bir rolii yerine getirmesini
engelleyen ya da kisitlayan dezavantajliik halidir
(5,6). Ulkemizde engellilik durumunun tespitine
yonelik, Diinya Saglik Orgiitii tarafindan diizenlenmis
Islevsellik, Yetiyitimi ve Sagligin Uluslararast
Smiflandirilmasma (ICF) paralel olacak sekilde
gelistirilmis engellilik listeleri kullanilmaktadir (7).

Caligmamizda adli tip pratiginde yogun olarak
kullanilan maluliyet ve engellilik listelerinin
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DOBISZ/Y kararlarinda kullanilabilirligini tartismak
ve nasil kullanilmas: gerektigi konusunda katkida
bulunmak amaclanmustir.

GEREC VE YONTEM

Calismamizda Adli Tip Kurumu Adli Tip 2. Ihtisas
Kurulu tarafindan 2014-2018 yillar1 arasmnda kurul
muayenesi yapilarak OBISZ/Y hususunda goriis
bildirilmis olan ve sadece iist ekstremite ortopedik
yaralanmasi olanlar calismaya dahil edilip nérolojik
hasari olan olgular diglanarak 211 olgu elde edilmistir.

Bu211olgununherbiriigin, 30/03/2013 tarih ve 28603
sayili Resmi Gazete’de yayimlanmis olan Oziirliilitk
Olciitii  Smuflandirmast ve Oziirliillere Verilecek
Saglik Kurulu Raporlar1 Hakkinda Yonetmelik
kapsaminda bulunan 6ziirliiliik oranlar ile Calisma
Giicii ve Meslekte Kazanma Glicii Kayb1 Oram
Tespit Islemleri Yonetmeligi kullanilarak calisma
giici ve meslekte kazanma giicti kayb1 oranlar
hesaplanmistir. Calisma giicii ve meslekte kazanma
giicli kayb1 oran1 hesaplanirken olgularin hepsi Grup
1 yani “diiz is¢i” kabul edilmistir. E cetveline gore
yapilan degerlendirmesinde ATK uygulamasmdaki
gibi kisinin olay tarihindeki yasi esas almustir.
Ayrica 30/03/2013 tarih ve 28603 sayili Resmi
Gazete’de yayimlanan Oziirliiliik Yonetmeligi'nde
dominant taraf ayirimi olmadigindan karsilastirma
yapilirken standardizasyonunbozulmamasive ayrica
TCK kapsaminda OBISZ/Y kapsaminda yapilan
degerlendirmelerde tiim ¢ift organlar ayri birer bir
organ olarak kabul edilmesi ve aralarinda ayrim
yapilmamasi nedeniyle Maluliyet Yonetmeliginde de
gekinik tarafl1 olgulara 1/5 indirimi yapilmamustir.

Olgular; cinsiyet, olay tarihindeki yas, gonderilen adli
merci, adli mercilerin iist yazisinda belirtilen soru,
rapor yili, yaralanmaya neden olan olayin cesidi,
yaralanma sekli ve yaralanma boélgesi yoniinden
incelenmistir.

Calismadaeldeedilen veriler SPSS (Statistical Package
for the Social Sciences) siirtim 21 paket programi
ile degerlendirilmistir. Tanimlayic1 istatistiklerde
kategorik degiskenler say1 ve yiizde ile, sayisal
degiskenler ise ortalama, standart sapma, medyan,
en kiiciik (minimum) ve en biiyiik(maksimum) deger
kullanilarak gosterilmistir. Korelasyon analizleri,
parametrik kosullarin saglanamamasi nedeniyle

Spearman testi ile gergeklestirilmistir. Reciever
Operator Characteristics Curve (ROC) analizlerinde
ROC egrileri olugturulmus ve egri altinda kalan
alanlar hesaplanmigtir. Optimum smir degerler
belirlenirken pozitif olabilirlik oranlar1 hesaplanmig
ve sensitivite ve spesifitenin en yiiksek oldugu
degerlere karar verilirken goz oniine alinmustir. Tip-
1 hata diizeyinin %5’in altinda oldugu durumlar (p <
0,05) istatistiksel olarak anlamli kabul edilmistir.

BULGULAR

Calismamaiza mahkeme ve savciliklarinca
gonderilerek Adli Tip Kurumu Adli Tip 2. Thtisas
Kurulu tarafindan 2014-2018 yillar1 arasindaki 5
yillik siirede OBISZ/Y hususunda goriis bildirilen
ve sadece iist ekstremite ortopedik yaralanmasi olup
ATK’de muayenesi yapilan 211 olgu dahil edilmistir.

Olgularin  cinsiyete gore degerlendirilmesinde;
40'min (%19) kadin, 171’ini (%81) erkek oldugu
goriilmiistiir. OBISZ/Y hususunda verilen kararlarin
incelenmesinde; 14311 (%68) igin OBISZ / Y niteliginde
sekele neden olan yaralanma olmadigi, 491 (%23)
icin yaralanmasma bagl sekelin organlarmndan
birinin iglevinin siirekli zayiflamasi niteliginde
oldugu, 19'u (%9) i¢in ise yaralanmasina bagli sekelin
organlarindan birinin islevinin yitirilmesi niteliginde
oldugu gorilmiistiir (Sekil 1).

Olgularin yaralanmaya neden olan olay gesitlerine
gore dagilimi Sekil 2'de, yaralanma bolgelerine gore
dagilimi ise Sekil 3’de belirtilmistir.

Olgularin yas, ¢alisma glicii ve meslekte kazanma
gilicii kaybi oranlariile 6ziirliiliik oranlarinin merkezi
egilim ve yayilim olgiilerine gore incelenmesi Tablo
1’de gosterilmistir.

A
OBISZY Olmadig
49:23% e
143; 68% Zayiflama
= Yitirilme

A

Sekil 1. Olgularin OBISZ/Y Kararlarina Gére Dagilimi
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Sekil 2. Olgularin Olay Cesidine Goére Dagilimi(*Atesli Silah Mermi Cekirdegi, **
Kesici Delici Alet Yaralanmast)
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Sekil 3. Olgularin Yaralanma Bélgesine Gére Dagilimi

Tablo 1. Olgularin Yas, Maluliyet Calisma Giicii ve Meslekte Kazanma Giicii Kaybi Orani ile ve Oziirliiliik Oranlarinin Ortalama,

Median, Standart Sapma, Minimum ve Maksimum Degerleri

Ortalama Median SD Min Max
Yas 37,87 35 14,91 7 82
D Cetveline Gore Oran 10,19 51 12,77 0 66
E Cetveline Gore Oran 9,93 50 12,51 0 62,0
El Oziirliltk Orani 7,73 0 15,17 0 77
Ust Ekstremite Oziirliilitk Orant 12,75 5,0 18,96 0 100
Tum Vicut Ozurlulik Orani 7,61 3,0 11,37 0 60
Tablo 2. OBiSZ/Y ile Maluliyet ve Ozirlilik Oranlarinin Korelasyon Analizi
El Oziirliiliik Ust Ekstremite Tiim Viicut D Cetveline Gore | E Cetveline Gore
Orani Oziirliilik Oram1 | Oziirlililk Orani Oran Oran
Korelasyon 0,882+ 0,795% 0,771% 0,684* 0,649*
DOBISZ/Y Katsayisi
p <0,001 <0,001 <0,001 <0,001 <0,001
n 88 211 211 211 211

**_Correlation is significant at the 0.01 level (2-tailed)
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Tablo 3. Organlardan Birinin islevinin Stirekli Zayiflamasi Karari icin Yapilan ROC Analizi Sonuglari

Maluliyet Yonetmeligi Oziirliiliik Yonetmeligi
) Us!:. Ekstremite Tim Viicut
D Cetveli E Cetveli El Oziirliiliik Oziirliiliik Oziirliiliik
EAKA 0,933 0,923 0,965 0,971 0,971
sD 0,016 0,018 0,022 0,009 0,009
P <0,001 <0,001 <0,001 <0,001 <0,001
N . Alt sinir 0,902 0,889 0,923 0,953 0,952
EAKA giiven arahigi -
Ust sinir 0,964 0,957 1,000 0,989 0,989
Cut off 9,8 8,6 9,5 10,5 6,5
Sensitivite 0,868 0,853 0,956 0,912 0,912
Specifite 0,839 0,804 0,933 0,901 0,901
00+ 5,39 4,36 14,33 9,247 9,247

EAKA:Egri Altinda Kalan Alan, SD: Standart Sapma, OO+: pozitif olabilirlik orani

OBISZ/Y karari ile éziirliiliik ve calisma giicii ve
meslekte giicli kayb1 oranlarmin korelasyon analizi
sonucunda OBISZ/Y ile el éziirliiliik diizeyi arasinda
pozitif yonlii mitkemmel derecede korelasyon oldugu
(p < 0,001; r = 0,882), OBISZ/Y ile iist ekstremite
ozrliiliik diizeyi arasinda pozitif yonlii mitkemmel
derecede korelasyon oldugu (p <0,001; r = 0,795),
OBISZ/Y ile tiim viicut éziirliilitk diizeyi arasinda
pozitif yonlii mitkemmel derecede korelasyon oldugu
(p <0,001; r=0,771), OBISZ/Y ile D cetveline gore
hesaplanan ¢alisma gticii ve meslekte kazanma giicii
kayb1 oranlar1 arasinda pozitif yonlii iyi derecede
korelasyon (p<0,001; r=0,684) oldugu, OBISZ/Y ile E
cetveline gore hesaplanan calisma giicii ve meslekte
kazanma gticii kayb1 oranlar1 arasinda pozitif yonlii
iyi derecede korelasyon oldugu (p<0,001; r= 0,649)
gozlenmistir (Tablo 2).

Organlardan Birinin Islevinin Siirekli Zayiflamast
Karar I¢in Yapilan Reciever Operator Characteristics
Curve (ROC) Analizleri

1) 11/10/2008 tarih ve 27021 say1l1 Resmi Gazete’'de
yayinlanan Calisma Giicii ve Meslekte Kazanma
Giicii Kayb1 Orani Tespit Islemleri Yonetmeligi
dikkate alinarak hesaplanan calisma giicii ve
meslekte kazanma giicii kaybi1 oranina gore yapilan
degerlendirmeler;

a) D cetveli esas alinarak hesaplanan ¢alisma giicii
ve meslekte kazanma giicii kayb1 oranina gore
islevde zayiflama karari: Calismamizda Calisma
Giicti ve Meslekte Kazanma Giicii Kayb1 Orami
Tespit Islemleri Yonetmeligi ile degerlendirilen 211

olgunun D cetveli esas alinarak hesaplanan orana
gore islevde zayiflama olup olmadigr konusunda
yapilan ROC analizinde; egri altinda kalan alan
0,933 olarak tespit edilmis olup tan1 degeri yiiksek
bir yéntem oldugu anlasilmistir. Egri altinda kalan
alanin giiven aralig1 0,902-0,964; standart sapmasi ise
0,016 olarak bulunmustur. Tiim olgular igin islevde
zayiflama olup olmadigr hususunda 9,8 olarak
hesaplanan cut off sinir degerimizin duyarlilig: 0,868
ve ozgiilligi 0,839, pozitif olabilirlik oran1 (OO+)
5,39 olarak tespit edilmistir (Tablo 3).

b) E Cetveli esas alinarak hesaplanan c¢alisma giicii
ve meslekte kazanma giicii kayb1 oranina gore
islevde zayiflama karari: Calismamizda Calisma
Gilcii ve Meslekte Kazanma Giicii Kayb1 Oram
Tespit Islemleri Yonetmeligi ile degerlendirilen 211
olgunun E cetveli esas alinarak hesaplanan orana
gore islevde zayiflama olup olmadig1 konusunda
yapilan ROC analizinde; egri altinda kalan alan
0,923 olarak tespit edilmis olup tan1 degeri yiiksek
bir yontem oldugu anlasilmistir. Egri altinda kalan
alanin giiven araligi 0,889-0,957; standart sapmasi
ise 0,017 olarak bulunmustur. Bu olgularda islevde
zayiflama olup olmadigr hususunda 8,6 olarak
hesaplanan cut off sinir degerimizin duyarlilig: 0,853
ve Ozgilligi 0,804, pozitif olabilirlik oran1 (OO+)
4,36 olarak analiz edilmistir (Tablo 3).

2) 30/03/2013 tarih ve 28603 sayili Resmi Gazete’de
Yayimlanan Oziirliiliik Olgiitii, Siniflandirmasi
ve Ogziirliilere Verilecek Saglik Kurulu Raporlart
Hakkinda Yonetmelik dikkate alinarak hesaplanan
oziirliiliik oranina gore yapilan degerlendirmeler;
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a) El yaralanmalarinin, el 6ziirliiliik oranina gore
zayiflama karari: Sadece el yaralanmasi olan 88
olgunun, el oziirliilitk oranina gore zayiflama olup
olmadig1 konusunda yapilan ROC analizinde; egri
altinda kalan alan 0,965 olarak tespit edilmis olup
tan1 degeri yiiksek bir yontem oldugu anlasilmustir.
Egri altinda kalan alanin giiven araligi 0,923-1,000;
standart sapmasi ise 0,022 olarak bulunmustur. Yine
bu olgularda zayiflama olup olmadig1 hususundaki
cut off smir degerimiz (Positive if Greater Than
or Equal) 9,5 olarak tespit edilmistir. Cut off siur
degerimizin duyarlihig (sensititivity) 0,956 ve
ozgulliigl (spesifity) 0,933, pozitif olabilirlik orani
(OO+) 14,33 olarak analiz edilmistir (Tablo 3).

b) Ust ekstremite 6ziirliiliik oranina gore zayiflama
karari: Calismamizda 211 olgunun iist ekstremite
oztrliiliik oranina gore zayiflama olup olmadig:
konusunda yapilan ROC analizinde; egri altinda
kalan alan 0,971 olarak tespit edilmis olup tam
degeri yiiksek bir yontem oldugu anlasilmistir.
Egri altinda kalan alanin giiven araligi 0,953-0,989;
standart sapmast ise 0,009 olarak bulunmustur.
Olgularda zayiflama olup olmadigr hususundaki
cut off sinir degerimiz 10,5 olarak tespit edilerek cut
off degerimizin duyarliligr 0,912 ve 6zgiilliigii 0,90,
pozitif olabilirlik oraninin (OO+) 9,247 oldugu tespit
edilmistir (Tablo 3).

¢ Tim viicut oziirliiliikk oranina gore islevde
zayiflama Kkarart:
hesaplanan biitiin olgularin bu orana gore zayiflama
olup olmadig1 konusunda yapilan ROC analizinde;
egrialtinda kalan alan 0,971 olarak tespit edilmis olup
tan1 degeri ytiiksek bir yontem oldugu anlasilmistir.
Egri altinda kalan alanin giiven araligi 0,952-0,989;
standart sapmasi ise 0,009 olarak bulunmustur. Tim
viicut dziirliliik eranma gore olgularda zayiflama
olup olmadigr hususundaki cut off smir degerimiz
6,5 olarak tespit edilmistir. Cut off sinir degerimizin
duyarlilig1 0,912 ve 6zgiilliigii 0,901, pozitif olabilirlik
oran1 (OO+) 9,247 oldugu hesaplanmigtir (Tablo 3).

tum vicut oOzirluluk oram

Duyularindan veya Organlardan Birinin Islevinin
Siirekli Yitirilmesi Karar1 Igin Yapilan (ROC)
Analizleri

1) 11/10/2008 tarih ve 27021 sayil1 Resmi Gazete’de
yaymlanan Calisma Giicli ve Meslekte Kazanma

Giicii Kaybr Oram Tespit Islemleri Yonetmeligi
dikkate alinarak hesaplanan c¢alisma giicli ve
meslekte kazanma giicii kayb1 oranina gore yapilan
degerlendirmeler;

a) D Cetveli esas alinarak hesaplanan calisma
giicii ve meslekte kazanma giicii kayb1 oranina
gore islevde yitirilme karari: Degerlendirilen 211
olgununD cetveliesas alinarak hesaplanan orana gore
islevde yitirilme olup olmadig1 konusunda yapilan
ROC analizinde; egri altinda kalan alanin 0,934-1,000
giliven araligr ile 0,967 olarak tespit edilmis olup;
standart sapmasimin 0,017 oldugu bulunmustur.
Yine bu olgularda islevde yitirilme olup olmadig:
konusundaki cut off smir degeri 23,5 olarak tespit
edilmis; cut off siir degerinin duyarhilig: 0,895 iken
ozgulligi 0,943 ve pozitif olabilirlik orani (OO+)
15,61 olarak analiz edilmistir (Tablo 4).

b) E cetveli esas alinarak hesaplanan calisma giicii
ve meslekte kazanma giicii kayb1 oranina gore
islevde yitirilme karari: 211 olgunun E cetveline
gore hesaplanan oranin islevde yitirilme olup
olmadigr konusunda yapilan ROC analizinde; egri
altinda kalan alan 0,954 olarak tespit edilmis olup
tan1 degeri yiiksek bir yontem oldugu anlasilmustir.
Egri altinda kalan alanin giiven araligi 0,911-0,997;
standart sapmas1 ise 0,022 olarak hesaplanmuistir.
Tim olgularimizda islevde yitirilme olup olmadig:
hususundaki cut off sinir degerimiz 19,6 olarak tespit
edilmistir. Cut off degerimizin duyarlilig: 0,895 ve
ozgiilligt 0,896, pozitif olabilirlik oran1 (OO+) 8,58
olarak analiz edilmistir (Tablo 4).

2) 30/03/2013 tarih ve 28603 sayili Resmi Gazete’de
Yayimlanan Oziirliiliik Olgiitii, Siniflandirmasi
ve Ogziirliilere Verilecek Saglik Kurulu Raporlart
Hakkinda Yonetmelik dikkate alinarak hesaplanan
oziirliiliik oranina gore yapilan degerlendirmeler;

a) El yaralanmalarinin, el 6ziirliiliik oranina gore
yitirilme karari: sadece el yaralanmasi olan 88
olgunun, el éziirliiliik oranina gore islevde yitirilme
olup olmadig1 konusunda yapilan ROC analizinde;
egrialtinda kalan alan 0,988 olarak tespit edilmis olup
tan1 degeri yiiksek bir yontem oldugu anlasilmustir.
Egri altinda kalan alanin giiven aralig1 0,969-1,000;
standart sapmasi ise 0,010 olarak bulunmustur.
Yine bu olgularda islevde yitirilme olup olmadig:
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Tablo 4. Duyularindan veya Organlardan Birinin islevinin Surekli Yitiriimesi Karari icin Yapilan ROC Analiz Sonuclari

Maluliyet Yonetmeligi Oziirliilitk Yonetmeligi
D Cetveli E Cetveli El Ozirlililk | Ust Ekstremite Oziirlilitk | Tiim Viicut Ozirlilik
EAKA 0,967 0,954 0,988 0,980 0,981
SD 0,017 0,022 0,010 0,015 0,015
p <0,001 <0,001 <0,001 <0,001 <0,001
. N Alt sinir 0,934 0,911 0,969 0,950 0,952
EAKA giiven aralig -
Ust sinir 1,000 0,997 1,000 1,00 1,000
Cut off 23,5 19,6 445 32,5 19.5
Sensitivite 0,895 0,895 1,000 0,947 0,947
Specifite 0,943 0,896 0,974 0,969 0,967
OO0+ 15,61 8,58 39 30,15 30,15
EAKA:Egri Altinda Kalan Alan, SD: Standart Sapma, OO+: pozitif olabilirlik orani
Tablo 5. OBISY/Z karari icin sinir degerlerin belirtildigi 6zet tablo.
Zayiflama Yitirilme
Cut off Cut off
. D cetveli orani 9.8 23.5
CGVMKGK E cetveli orani 8.6 19.6
El 6zurlaltk orani 9.5 44.5
OZURLULUK Ust ekstremite 6zurliilik orani 10.5 325
Tum vicut ozurlulik orani 6.5 19.5

CGVMKGK: Calisma Glcii ve Meslekte Kazanma Guict Kaybi

hususunda 44,5 olarak tespit edilen cut off sinir
degerimizin duyarliigr 1,000 ve ozgulligii 0,974,
pozitif olabilirlik orami (OO+) 39 olarak analiz
edilmistir (Tablo 4).

b) Ust Ekstremite Oziirliiliik oranina gore yitirilme
karar1: degerlendirilen 211 olgunun {ist ekstremite
ozirliliik oranina gore islevde yitirilme olup
olmadigr konusunda yapilan ROC analizinde; egri
altinda kalan alan 0,980 olup giiven aralig10,950-1,000
ile standart sapmasi ise 0,015 olarak hesaplanmustir.
Olgularda olup
konusundaki cut off sinir degerimiz 32,5 olarak tespit

islevde yitirilme olmadig1
edilmis; cut off sinir degerimizin duyarlhilii 0,947 ve
ozgilligii 0,969; pozitif olabilirlik oran1 (OO+) 30,15

olarak tespit edilmistir (Tablo 4).

¢) Tiim Viicut Oziirliiliik oranina gore islevde
yitirilmesi karari: Tum viicut oziirliilitk oranina
gore yitirilme olup olmadigr konusunda yapilan
ROC analizinde; egri altinda kalan alan 0,981 olarak
tespit edilmis olup tan1 degeri yiiksek bir yontem
oldugu anlasilmistir. Egri altinda kalan alanin giiven
aralig1 0,952-1.000; standart sapmasi ise 0,015 olarak
bulunmugtur. Yine bu olgularda yitirilme olup

olmadig1 konusunda 19,5 olarak tespit edilen cut
off sinir degerimizin duyarlilig1 0,947 ve 6zgilliigii
0,967, pozitif olabilirlik oram1 (OO+) 30,15 olarak
analiz edilmistir (Tablo 4).

Viicut dokunulmazlhigmin ihlali varliginda TCK
87. ve 89. maddeleri kapsaminda yapilan OBISY/Z
degerlendirilmesinde; {ist ekstremite yaralanmasinin
degerlendirilmesi isteniliyor ve kullanilan kilavuzun
yetersiz kaldig1 diisiintiliiyor ise siklikla kullanilan
maluliyet ve o6ziirliilik yonetmeliklerine gore
yapilan hesaplamalarda elde edilen puanlara gore
alinmas:1 gereken smir(cut off) degerleri Tablo 5'te

Ozetlenmistir.
TARTISMA VE SONUC
Adli  tibbi  uygulamalarda, yaralanmalarin

OBISZ/Y niteliginde olup olmadiklari, Tiirk Ceza
Kanunu'nda Tamimlanan Yaralama Suclarmmn  Adli
Rehberi'ne  gore
degerlendirilmektedir (2). Viicuttaki bazi duyu
ve organlarin zayiflama ya da yitirilme karar1 soz

T Agsindan  Degerlendirilmesi

konusu kilavuzda acikca belirtilmesi nedeniyle
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Aketal.

kolayca tespit edilebiliyorken (gozde gorme kaybi
gibi) baz1 organlar icin islev zayiflamas: veya kayb1
Olgiitliniin nasil degerlendirilecegi ve hangi dlciitiin
esas alinacagi net degildir. Ozellikle ekstremite
yaralanmalarinda OBISZ/Y karar icin her ne kadar
fonksiyonel kayip %10-50 arasinda ise “zayiflama”,
%50 tizeri ise “yitirilme” karar1 alinmas1 belirtilse
de sz konusu ytizdelik dilimde fonksiyonel kaybin
hesaplanmasinda nasil bir yol izlenmesi gerektigi
net bir sekilde belirtilmemistir. Netice itibariyle de
yaklasim bakiminda {iniversite adli tip anabilim
dallar1 ile Adli Tip Kurumu kararlar: arasinda ortak
bir konsensus bulunmamaktadir.

Calismamizda ise OBISZ/Y hususunda karar
verilirken 11/10/2008 tarih ve 27021 sayili Resmi
Gazete’de yayimlanan Calisma Giicli ve Meslekte
Kazanma Giicii Kayb1 Orami Tespit Islemleri
Yonetmeligi ile Oziirliilitk Olgiitii Smiflandirmast
ve Oziirlillere Verilecek Saglk Kurulu Raporlar
Hakkinda Yonetmeliginin kullanilabilirligi
aragtirlmig;  yaptigimiz  korelasyon  analizleri
sonucunda OBISZ/Y ile galisma giicii ve meslekte
kazanma giicii kaybi oranlar1 arasinda pozitif yonde
iyi derecede korelasyon, oziirliilitk oranlar1 arasinda
ise pozitif yonde miikemmel derecede korelasyon
tespit edildiginden her iki yonetmeligin de OBISZ/Y
kararlarini yonlendirmede kullanilabilecegi istatistik
olarak anlamli bulunmustur. Ancak Tiirk Ceza
Kanunu'nda Tammlanan Yaralama Suglarmmn  Adli
T Agisindan Degerlendirilmesi Rehberi'nde belirtilen
%10 (zayiflama) ve %50 (yitirilme) siir degerleri;
Calisma Giici ve Meslekte Kazanma Giicti Kayb1
Orani Tespit Islemleri Yonetmeligi ve Oziirliiliik
Olgiitii  Smuflandirmast ve Oziirliilere Verilecek
Saglik Kurulu Raporlar1 Hakkinda Yonetmeliginin
kullanilmas1 durumunda Adli Tip Kurumu ikinci
Ihtisas Kuruluna es deger kararlar verilebilmesi
icin yeni smur degerlerle (cut off) degerlendirilmesi

gerektigi tespit edilmistir (Tablo 5).

OBISz/Y kararlarina standardizasyon
kazandirabilmek adma yaptigimiz bu c¢alismada
daha ayrmntili kriterler icermesi ve daha yiiksek

korelasyona sahip olmasi, kisinin mesleginden ve

yasindan etkilenmemesi, el, iist ekstremite ve tiim
viicut oziirliiliik oranlar gibi nerdeyse organa 6zgii
puanlarmn ayr1 ayr: hesaplanabilmesi yonleriyle,
Oziirliiliik Olgiitii Siiflandirmas: ve Oziirliilere
Hakkinda
Yonetmeliginin, Calisma Giicii ve Meslekte Kazanma
Giicii Kayb1 Orani Tespit Islemleri Yénetmeligine

Verilecek Saghk Kurulu Raporlar:

gore daha etkili oldugu anlasilmistir.

Sonu¢ olarak OBISZ/Y kararinda sinirlarn daha
net ve objektif tanimlanabilmesi icin diger viicut
boliimlerine de wuygulanmis benzer ¢alismalar
1s181nda tespit edilecek cut off degerlerin énemli bir
yeri olacaktir.

Etik Kurul Onay1: Calismada Helsinki Deklerasyonuna uyulmus olup, Adli Tip
Kurumu Bagkanligi, Egitim ve Bilimsel Arastirma Komisyonu'ndan 20/05/2019
tarih ve 21589509/2019/402 sayili karar ile izin alimmigstir.

Finans: Bu ¢alisma icin hi¢ bir kurum veya kurulustan finansal destek almmanmugtir.

Cikar catismas: Yazarlar ¢ikar catismast olmadigini beyan eder.
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The prevalence, type and severity of forensic dental cases in
Tiirkiye
Turkiye'de meydana gelen adli dis hekimligi vakalarinin prevalans, ¢esit ve ciddiyet
acgisindan degerlendirilmesi
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ABSTRACT

Aim: The aim of this study was to assess prevalence, type and severity of forensic dental cases in Tiirkiye.

Materials and Methods: 620 of forensic dental cases which were referred to the Department of Dentistry of the 7th Specialization
Board of the Council of Forensic Medicine, Tiirkiye,, between April 2019 and March 2024 evaluated retrospectively. Malpractice
and complication occurance were determined, type and severity of cases analysed as well in six grades.

Results: 69.7% of the cases were female (n=432), and 30.3% were male (n=188), (p<0.05). 75% of the claims has decided as
complication and 25% of them decided as malpractice by the board (p<0.05). 52.1% of the cases underwent surgery, patients
received orthodontic, prosthetic, and endodontic treatment 13.5%, 21.5% and 12.9% respectively (p<0.05). The second level severity
was the most common with 41.9%, while the sixth level was the least common with 1.5% (p<0.05).

Conclusion: Within the limits of this study, the most common failure following dental procedures were surgical treatments and
second level of severity had the highest incidence. While many of the failures have been considered as complications by the board,
it should not be overlooked that in recent years, there has been an increase in malpractice claims.

Keywords: Forensic dental case, malpractice, complication

OZET

Amag: Bu calismanin amaci Tiirkiye’de meydana gelen adli dis hekimligi vakalarinin prevalans, cesit ve ciddiyet agisindan
degerlendirilmesidir.

Yéntem: 2019 Nisan-2024 Mart arasinda Adli Tip Kurumu 7. Thtisas Kurulu dis hekimligi boliimiine gonderilmis 620 adli dental
vaka geriye doniik olarak incelenmistir. Komplikasyon ve malpraktis kararlari ve vakalarin gesitlerinin yanisira vakalarin ciddiyeti
de 6 seviyede degerlendirilmistir.

Bulgular: Vakalarin %69.7’si (n=432) kadin, %30.3'ii (n=188) ise erkektir (p<0.05). Konsey tarafindan vakalarin %75’i komplikasyon,
%251 ise malpraktis olarak sonuca baglanmistir (p<0.05). Vakalar icerisinde cerrahi islemlerin oran1 %52.1 iken, ortodontik protetik
ve endodontik vakalarin oran ise sirastyla %13.5, %21.5 ve %12.9'dur (p<0.05). Vakalarin ciddiyeti agisindan 2. seviye %41.9 ile en
sik goriiliirken en az goriilen %1.5 ile 6. seviyedir (p<0.05).

Sonug: Bu calismanin sinirlar1 dahilinde adli dis hekimligi vakalarinda cerrahi islemler ve ciddiyet agisindan 2. seviye basarisizliklar
en sik goriilen prosediirlerdir. Vakalarin biiyiik bir kismi konsey tarafindan komplikasyon olarak sonuca baglanmis olsa da son
yillarda malpraktis davalarindaki biiytik artis akildan ¢ikartilmamalidir.

Anahtar Kelimeler: Adli dis hekimligi, malpraktis, komplikasyon
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INTRODUCTION

Dentistry is a complex branch of medicine
encompassing various fields such as surgery,
prosthodontics, orthodontics, and endodontics,
each with its unique techniques and challenges. Any
situation that arises beyond the expected recovery
after the procedure, any unexpected outcome is
classified as a complication or malpractice (1, 2).
Appropriate indications, proper techniques, and
the management of adverse events are essential
criteria for distinguishing between complication
and malpractice. In recent years, there has been a
growing number of lawsuits filed between healthcare
professionals and patients due to these adverse

events (3).

After dental procedures, patient satisfaction, dentists’
professional liabilities, and resulting legal processes
have recently become major concerns worldwide.
The increase in malpractice cases not only leads
to changes in physicians’ treatment approaches
but also disrupts patients’ access to the necessary
treatment. Most allegations in lawsuits against
dentists are related to deficiencies in practice and/
or the occurrence of postoperative complications.
Delays or mistakes in diagnosis and the recurrence
or persistence of the disease are other bases for
allegations (4, 5).

During the legal process, distinctions between
complications and malpractice are determined based
on expert opinions and reports provided by the
Forensic Medicine Institution (FMI). In Tiirkiye, if
a patient complains about a dentist, he/she can go
to court and sue. Afterward, the patient is generally
referred to the dentistry faculty for a thorough and
precise examination and the results are then sent
to the court. In some cases, judges are not satisfied
with these reports and may refer file to the FMI for
a more accurate decision. In the FMI, the documents
are reviewed by specialized medical commissioners,
and the final decision is then sent to the court.

The prevalence, type, and severity of postoperative
failures are influenced by various factors, such as
the patient’s age, gender, anatomical considerations,
the knowledge and experience of the performing
dentist, the patient’s systemic condition, and other

factors like smoking (6). Conditions that increase the
risk of morbidity, such as bleeding disorders, cardiac
problems, and diabetes, should be thoroughly
examined before the procedure, and consultation
with the patient’s physician should be sought when
necessary (7, 8). Numerous studies in the literature
emphasize the correlation between the success of
dental procedures and the patient’s existing systemic
condition (9-12). Before the procedure, necessary
clinical and radiological investigations should
be conducted, comprehensive information about
potential risk factors should be obtained, and the
patient should be adequately informed. The patient’s
treatment expectations and treatment’s ability can
meet these expectations, and potential adverse
events that may occur during the process should be
documented and stored with the informed consent
form (13).

There are limited number of studies in the literature
regarding the evaluation of postoperative failures in
dental procedures as complication or malpractice,
and the ratio of postoperative adverse events
associated with different procedures. Furthermore,
healthcare professionals can benefit from conducting
a preoperative assessment of potential risk factors to
reduce postoperative failures. Therefore, this study
aims to assess and classify forensic cases resulting
from dental procedures that have been referred to
and adjudicated by the FML

MATERIALS AND METHODS

The retrospective study was conducted on a total
of 620 dentistry cases referred to the Department
of Dentistry of the between April 2019 and March
2024. The study was approved by the Committee
of Education and Scientific Research, Council of
Forensic Medicine, under the reference number
21589509/2022/1057. Forensic cases due to failures
following surgical, prosthetic, orthodontic, and
endodontic procedures in dentistry were examined
in this study. After reviewing expert reports and the
available data, these cases were referred to court as
complication or malpractice based on the decision
of the FMI's 7th Specialization Board. The study
did not include pediatric dentistry cases involving
individuals under the age of 13.
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Categorization of Data

Failures were evaluated in four primary categories:
surgical, prosthetic, orthodontic, and endodontic.
Surgical failures included tooth extraction, bone
graft procedures, implant treatment, orthognathic
surgery, and periodontal surgery. Prosthetic failures
include aesthetic deficiencies related to restorations,
problems such as cracking, occlusal relationship
disorders, and issues arising from poorly fitted
prosthetics. Endodontic failures included incorrect
or incomplete root canal therapy, file fracture in
the root canal, and accidental injection of sodium
hypochlorite (NaOCL) during
treatment. Orthodontic failures were classified as
dissatisfaction with the aesthetic outcome of the
treatment, occlusal discrepancies, and resorptions
occurring in the roots of the teeth.

for anesthesia

Classification of postoperative failures

Based on the impact of routine daily activities and
the severity the recorded postoperative failures were
classified into one of six groups.

Grade I failures

Localized failures were those that do not significantly
impact the success of the applied dental procedure.
Instances in this category included minor bleeding,
increased sensitivity, prolonged swelling,
delayed wound healing.

and

Grade II failures

Localized failures were those that affect the success
of the performed dental procedure. Complications
such as exposure of the membrane used in bone
augmentation procedures, necrosis of the bone graft,
implant failure, fracture of the file during endodontic
therapy, cracking of prosthetic restoration, poorly
obturated root canals, inappropriate occlusion or
root resorption after orthodontic treatment, the
opening of the wound area, migration of tooth/
implant to neighbouring anatomical structures, and
gingival recession have been classified as level 2
complications.

Grade I1I failures

These localized and/or systemic failures represent
conditions those were observed either locally or

systemically, adversely affecting the patient’s daily
life but not requiring hospitalization. Examples of
such conditions included jaw fracture, poorly fitted
dental restorations, fever, sinusitis, trismus, excessive
bleeding, and similar situations.

Grade 1V failures

These were conditions observed either locally or
systemically, which not only negatively impact the
patient’s daily life but also require hospitalization.
Conditions such as sepsis and anaphylaxis fell into
this category.

Grade V failures

These were situations where one or more anatomical
structures incur irreversible damage. Examples
within this category include nerve injuries, NaOCL
injection, and squamous cell carcinoma due to poorly
fitted prosthetics.

Grade VI failures

Failures resulting in the patient’s death were
classified as Level 6.

Statistical analyses

The data analysis was conducted using the Statistical
Package for the Social Sciences (SPSS) 26.0 Statistics
package program. The normal distribution of severity
levels in cases was evaluated using skewness and
kurtosis values. It was observed that all of these
values followed the rules of a normal distribution,
with the reference value falling within +1.5.

Independent Sample T Test and One Way ANOVA
tests were used to compare severity levels based
on gender, age, smoking status, applied treatment,
and complication/malpractice occurrences for all
cases and different procedure groups (surgical,
orthodontic, prosthetic, and endodontic). Post
Hoc Tests were employed to analyze differences
between groups. The Chi-square test was used to
explore associations between gender, age, smoking
status, applied treatment, procedure type, severity
levels, and occurrences of complication/malpractice
occurrences for all cases and cases within different
procedure groups. Throughout the study, the
significance levels were set at 0.05 and 0.01.
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RESULTS

The study included 620 cases, 69.7% of the cases
were female (432), and 30.3% were male (188). 32.1%
of the cases were in the 18-35 age range, 35.8% were
in the 36-50 age range, and 32.1% were 51 or older.
A quarter of the cases did not smoke, while 18.9%
smoked fewer than 10 cigarettes per day, and 56.6%
smoked 10 or more cigarettes per day. The mean
age of dentists was 36.5 years with a range of 28-58
years old. All the cases involved Turkish dentists.
Out of 620 dentists, 405 (65.3%) were men and 215
(34.7%) were women. The majority of complaints
(88.3%) were related to the private sector, with 61.9%
of the cases, against private solo-practice clinics,
10.9% against polyclinics, and 15.5% against medical
centers. The remaining complaints (11.7%) pertained
to the governmental sector.

52.1% of the cases underwent surgery, 13.5% received
orthodontic, 21.5% received prosthetic, and 12.9%
received endodontic treatment. When analyzing
the severity grades of forensic cases, the second
level was the most common with 41.9%, while the
sixth level was the least common with 1.5%. Table 1
provides the overall descriptive features of forensic
dental cases.

Table 1. Descriptive Analysis of Forensic Dental Cases

Descriptive Features Number %
Gender Female 432 69,7
Male 188 30,3
18-35 years old 199 32,1
Age 36-50 years old 222 35,8
51 years and above 199 32,1
Non 152 24,5
Smoking Habits <10 117 18,9
10> 351 56,6
Surgery 323 52,1
Procedure Type Orthodon.tic 84 13,5
Prosthetic 133 21,5
Endodontic 80 12,9
| 102 16,5
Il 260 41,9
Severity Grade i 8 134
\% 79 12,7
\Y% 87 14,0
\ 9 1,5
Complication/ Complication 465 75,0
Malpractice )

Status Malpractice 155 25,0
Total 620 100

The comparison of severity levels of forensic cases
based on gender, age, smoking habits, procedure
type, and the complications/
malpractice was shown in Table 2.

occurrence of

Table 2. Comparison of Severity Grades of Forensic Dental
Cases Based on Descriptive Features

Standard
Descriptive Features Mean | Deviation | P-Value
Female 2,71 1,34 0,886
Gender
male 2,69 1,37
18-35yearsold | 2,55 1,28 0,156
Age 36-50 yearsold | 2,79 1,41
51 years and 276 133
above
) Non 2,61 1,40 0,303
smoking <10 286 | 137
10> 2,69 1,31
Surgery? 2,90 1,44 0,000**
%“Sffd”re Orthodontic® | 2,27 1,05 '1'“::"3‘:
Prosthetic® 2,27 0,99
Endodontic? 3,06 1,48
Complication/ | Complication 2,54 1,29 0,000**
g/tljtlﬁsracnce Malpractice 3,19 139

*p<0.05, ¥*p<0.01, t: Independent Sample T Test (Gender and Comp./Malp.), F:
One Way ANOVA, Difference: Post Hoc Tests"

The severity levels among forensic cases were found
not to have a significant difference based on gender,
age, and smoking status (p>0.05). Although there was
no statistical difference, it can be noted, especially for
cases in the 18-35 age group, that the severity grades
were lower compared to other age groups. The
severity-level of surgical (2.90) and endodontic (3.06)
groups were higher than the orthodontic (2.27) and
prosthetic (2.27) groups (p<0.05). The severity level
for cases with complications was on average 2.54,
while the average severity grade for cases involving
malpractice was 3.19 (p<0.05).

The comparison of
occurrences among cases based on gender, age,
smoking habits, and applied treatment was presented
in Table 3.

complications/malpractice

There was no significant difference in complications/
malpractice occurrences among cases based on
gender, age, smoking habits, and applied treatment
(p>0.05).
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Table 3. Comparison of Complications/Malpractice Occurrences of Forensic Dental Cases Based on Descriptive Features

Descriptive Features Complication (n:465) Malpractice (n:155)
N % n % p
Female 331 76,6 101 23,4 0,190
Gender
Male 134 713 54 28,7
18-35 years old 153 76,9 46 23,1 0,451
Age 36-50 years old 160 72,1 62 27,9
51 years and above 152 76,4 47 23,6
Non 116 76,3 36 23,7 0,830
Smoking habits <10 89 76,1 28 23,9
10> 260 741 91 25,9
Surgery 249 771 74 229 0,096
Orthodontic 67 79.8 17 20,2
Procedure Type -
Prosthetic 97 72,9 36 27,1
Endodontic 52 65,0 28 35,0
*p<0.05, **p<0.01, y2: Chi-square test (Categorical data)
Table 4. Comparison of Severity Grades of Surgical Forensic Cases
Descriptive Features Mean Standard Deviation p-Value
Gender Female 2,89 1,46 0,556
Male 3,00 1,50
18-35 years old 2,74 1,41 0,463
Age 36-50 years old 2,95 1,48
51 years and above 3,01 1,49
Tooth Extraction 2,98 1,50 0,937
Implant 2,92 1,50
Procedure Type Bone Graft 2,73 1,40
Orthognathic 2,86 1,37
Periodontal Surgery 3,00 1,60
Complication/Malpractice Complication 2,74 143 0,000**
Status Malpractice 3,58 1,40

*p<0.05, **p<0.01, t: Independent Sample T Test (Gender and Comp./Malp.), F: One Way ANOVA (Age and Failure Type).

The comparison of severity grades among cases
treated with surgical procedures based on gender,
age, procedure type, and complications/malpractice
occurrences was presented in Table 4.

There were no significant differences in the severity
grades among cases based on gender, age, and
procedure type (p>0.05). However, a significant
difference was observed in the severity levels among
cases based on the occurrence of complications/
malpractice (p<0.05). The average severity grade for
cases with complications was 2.74, while the average
severity grade for cases with malpractice was 3.58.

The
occurrences in cases undergoing surgical procedures

comparison of complications/malpractice

based on gender, age, and procedure type was
presented in Table 5.

There were no significant differences among cases
in terms of complications/malpractice occurrences
based on gender, age, and procedure type (p>0.05).
Despite the lack of a statistical difference, it can be
noted that particularly cases undergoing implant
treatment had a higher incidence of malpractice
occurrences compared to other types of procedures.

The

occurrences

comparison of complications/malpractice

in cases undergoing orthodontic
treatment based on gender, age, and procedure type

was presented in Table 6.
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Table 5. Comparison of Complications/Malpractice Incidence in Surgical Forensic Cases

Complication (n:252) Malpractice (n:71)
Descriptive Features N % n % p
Female 180 76,6 55 234 0,313
Gender
Male 72 81,8 16 18,2
18-35 years old 60 76,9 18 23,1 0,778
Age 36-50 years old 104 80,0 26 20,0
51 years and above 88 76,5 27 23,5
Tooth Extraction 90 76,3 28 23,7 0,129
Implant 73 73,0 27 27,0
Type of failure Bone Graft 25 96,2 1 3,8
Orthognathic 45 80,4 11 19,6
Periodontal Surgery 19 82,6 4 17,4
*p<0.05, *p<0.01, y2: Chi-square test (Categorical data)
Table 6. Comparison of Complications/Malpractice Incidence in Orthodontic Forensic Cases
Complication (n:71) Malpractice (n:13)
Descriptive Features n % n % p
Female 54 90,0 6 10,0 0,028*
Gender
Male 17 70,8 7 29,2
18-35 years old 57 83,8 11 16,2 0,527
Age 36-50 years old 8 80,0 2 20,0
51 years and above 6 100,0 0 0,0
Aesthetic 38 84,4 7 15,6 0,002**
Type of Failure Occlusion 28 96,6 1 34
Resorption 5 50,0 5 50,0
*p<0.05, **p<0.01, y2: Chi-square test (Categorical data)
Table 7. Comparison of Complications/Malpractice Incidence in Prosthetic Forensic Cases
Complication (n:99) Malpractice (n:34)
Descriptive Features N % n % p
Gender Female 76 80,9 18 19,1 0,044*
Male 23 59,0 16 41,0
18-35 years old 14 70,0 6 30,0 0,884
Age 36-50 years old 37 75,5 12 24,5
51 years and above 48 75,0 16 25,0
Aesthetic 36 73,5 13 26,5 0,002**
Procedure Type Fracture 24 75,0 8 25,0
Occlusion 25 78,1 7 21,9
Poorly-Fitted 14 70,0 6 30,0
*p<0.05, *p<0.01, x2: Chi-square test (Categorical data).
There was no significant difference between  The comparison of complications/malpractice
complication/malpractice occurrences and the age  occurrences in cases undergoing prosthetic

of cases (p>0.05). However malpractice occurrences
in female cases were higher compared to males, and
malpractice occurrences in cases with the type of
resorption were higher compared to aesthetic and
occlusion cases (p<0.05).

procedures based on gender, age, and procedure
type was presented in Table 7.

the

in cases

There was no significant difference in

complications/malpractice occurrences
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Table 8. Comparison of Complications/Malpractice Incidence in Endodontic Forensic Cases

Complication Malpractice
(n:43) (n:37)
Descriptive Features n % n % p

Gender Female 25 58,1 18 419 0,396
Male 18 48,6 19 514

18-35 years old 16 48,5 17 51,5 0,731
Age 36-50 years old 19 57,6 14 424
51 years and above 8 57,1 6 429

File Fracture 26 83,9 5 16,1 0,000**

Procedure Type Poorly Obturated Root Canal 15 441 19 559
NaOCl Injection 2 13,3 13 86,7

*p<0.05, **p<0.01, x2: Chi-square test (Categorical data).

based on age (p>0.05). Malpractice occurrence was
higher in female and poorly fitting prostheses group
(p<0.05).

The
occurrences

of
cases

comparison complications/malpractice

in undergoing endodontic
procedures, based on gender, age, and procedure

type was presented in Table 8.

There was no significant difference in complications/
malpractice occurrences in cases based on gender and
age (p>0.05). The occurrence of malpractice in cases
with NaOCL injection was higher compared to file
fractures and poorly obturated root canals (p<0.05).

DISCUSSION

this study, dental procedures that were
referred to the FMI 7th Specialization Board were
retrospectively evaluated. The study examined the
demographic characteristics of forensic cases, the

In

practitioners involved, complications/malpractice
decisions by the board, and the content and severity
of cases were examined. There are limited studies on
the prevalence, type, and severity of dental claims in
Tiirkiye. Analyzing the content of forensic cases and
the decisions made can provide practitioners with
the necessary knowledge, enabling them to feel more
secure in their procedures and ensuring patients
receive better treatment by considering potential risk
factors.

Rehabilitating oral health, especially in advanced
and complex cases, requires meticulous planning,
appropriate clinical skills, and high technical

standards. While an acceptable outcome is the
target for any dental treatment, failure, injuries,
and dissatisfaction may happen (14, 15). When
any of these situations happen they could be
considered malpractice, leading to medico-legal and
ethical implications. Dentists, like other healthcare
professionals, strive to restore their patients” health;
however, despite their best efforts, various failures
can occur after procedures. Recently, similar to
other medical fields, dentistry has experienced a
rise in the number of legal processes due to patients’
expectations and adverse treatment outcomes.
Numerous international data about the complaints
against doctors in various countries around the
world reflect the fact that regardless of significant
progress in new technologies and science concerning
therapeutic procedures and diagnostics, complaints
are increasing, making it a significant concern in
the field of medicine, not only in Tiirkiye but also
worldwide (16-18). This problem is influenced
by several factors including the overgrowth of
medical graduates, the economic status of doctors
encouraging them to try high-risk operations,
and the involvement of insurance companies and
lawyers. Additionally, the growing population and
increased patient awareness about their rights might
be other reasons for the rise in patient claims. The
raising of complaints is a global issue, with changing
levels of severity in different countries. For instance,
in the US, 3-4% of all doctors received complaints in
1970, 20% and 25% in 1980 and 1990 respectively (19).

More than half of the 620 cases examined in the study
were associated with surgical procedures. Failures
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related to tooth extraction, implant applications,
orthognathic surgery, bone graft applications, and
periodontal surgical procedures are documented.
Oral surgical procedures are inherently prone to
complications, as many treatments are applied close
to important anatomical structures. In the study,
the most commonly encountered failures in the oral
surgery group were related to tooth extractions,
particularly complications such as jaw fractures,
temporary/permanent paraesthesia in the tongue
and/or lips, and displacement of the tooth into
adjacent anatomical structures during the extraction.

Wafa Al Ammar et al. (20) found 32 claims against
dentists in 1997. The majority of complaints were
related to surgical procedures. In Washington,
the occurrence of paraesthesia following surgical
extraction of mandibular wisdom teeth was 25% of
the claims in 1984. In another study, it was found that
oral surgery claims were 18.8% in 1988 and increased
to 31.8% in 1991 (21).

In recent years, the use of dental implant applications
has significantly increased worldwide. The
number of patients expecting implants has risen,
leading not only specialist implantologists but also
general practitioners to frequently initiate implant
procedures. This trend has also brought about
numerous failures after implant applications. Mellor
et al. (22) declared that implants and oral surgeries
are associated with more claims compared to other
treatments.

Pogrel and Tamby and his colleagues (23) reported
in their study of 163 patients that inferior alveolar
or lingual nerve injuries were significantly more
common in women than in men. The surgical
procedures most frequently causing nerve damage
were, in order, third molar extraction, implant
surgery, and orthognathic surgery. Tay et al. (24)
in their study of 59 patients, found that the most
common etiology of trigeminal nerve injuries was
lower third molar surgery (52.1%).

In the study, 252 cases of oral surgical complications
identified, with 71
malpractice. Tooth extraction and implant cases were
the most common issues in malpractice decisions.
The board evaluates the appropriate management

were cases evaluated as

of failures that occur alongside accurate indications
and techniques, influencing malpractice decisions,
and basing its judgment on these three parameters.
Cases inadequate management of
paraesthesia after tooth extraction and implant

involving

surgeries, measurement errors in implant treatment
planning, and overlooking jaw fractures following
the extraction of mandibular wisdom teeth were the
most frequent malpractice decisions. While there
was no significant difference in the severity levels of
cases and treatments among the group undergoing
oral surgery, the severity level in cases receiving
malpractice decisions was significantly higher
compared to cases receiving complication decisions.
We believed that malpractice decisions were not
solely based on severity but were influenced by
an increase in severity, especially in cases where
anatomical damage or failure was not appropriately
managed due to faulty planning.

In our study, the rate of malpractice observed in the
group undergoing orthodontic treatment was found
to be significantly higher in women and in cases
where resorption failure occurred in tooth roots,
compared to groups where aesthetic and occlusal
failures were observed. Resorption occurring in
tooth roots as a result of incorrect orthodontic force
application can lead to tooth loss, and this plays a
role in categorizing failures as malpractice. The rate
of malpractice observed in the group undergoing
prosthetic rehabilitation was significantly higher
in women and in the group where poorly-fitted
prostheses were applied, compared to groups with
aesthetic, fracture, and occlusal failures. Kiani et al
(25) reported that the majority of patients” complaints
were related to fixed prosthodontics (27.8%). Rene
and Owall (26) showed that prosthodontics is
involved in patient claims more frequently than
other disciplines. Lopez-Nicolas et al. (27) stated that
the highest incidence of patients” clinical complaint
cases involved prosthetic cases (42.85%).

Prosthetic procedures are complex practices where
doctorscollaboratewithtechnicians, usuallyinvolving
high treatment costs and patient expectations. Poorly
fitted prostheses can lead to life-threatening issues
such as pre-cancerous or squamous cell carcinoma
in soft tissue. Additionally, failure to address patient
expectations and complaints related to poorly fitted
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prostheses may give rise to the perception that the
resulting failure has not been managed well enough,
leading to more frequent malpractice decisions.

In the study, women sued more than men (69.7%),
which is similar to the results of a study by René and
Owall (26) and many other studies in the literature
(27-30). This could be explained by the fact that
women use dental services more than men; therefore,
they face a greater risk of treatment failure.

In the group where endodontic treatment was
applied, the highest malpractice rate was observed
in the group where NaOCL injection was performed.
NaOCL is an agent with high toxicity used in the
irrigation of infected root canals. Its inadvertent
application as a local anesthetic can have serious
adverse effects on the patient, leading to necrosis in
soft and/or bone tissue. The physician should always
be very careful about this issue.

To categorize the impact of certain failures on
treatment and patient well-being,
according to level of severity, we proposed a six-
grade classification. The highest incidence of the
reported failures pertained to Grade II. In this group,
there were various failures such as; implant failure,
exposure of membrane, inappropriate occlusion

outcomes

or root resorption following orthodontic therapy,
gingival recession, cracking of prosthetic restoration,
migration of tooth/implant to neighbouring
anatomical structures, opening wound area, fracture
of file and poorly obturated root canals. Failures in
implant applications, dissatisfaction resulting from
prosthetic restorations, undesired tooth movements
occurring during the
generally high costs of these treatments, and patients’
high expectations could explain why this group has
the highest incidence.

orthodontic treatment,

In the study, cases where death occurred were
categorized as Grade VI, and there were 9 cases out
of 620 (1.5%). 5 patients died due to a heart attack
during the procedure; multiple organ failure was
developed in 2 patients after the operation; 1 patient
died from mucormycosis; and 1 patient died from
brain hemorrhage. None of these cases resulted in a
malpractice decision, and they were all considered
complications. To minimize the risk of such adverse

events, patients need to consult with their doctors.
Their systemic conditions, medications, and
possible interactions of these medications should
be carefully examined, and necessary consultations
should be made. This is not only important for
preventing potential complications but also a legal
responsibility of the physicians. Ozdemir et al.
(31) showed that complaints included treatment
malpractices, malpractice in diagnosis, lack of
consultation, not obtaining informed consent, and
lack of follow-up.

56.6% of the cases examined consisted of patients
who smoked 10 or more cigarettes a day. Smoking
not only leads to atherosclerosis in the vascular
structure, disrupting blood flow and nutrition, but
also, as a result of the direct contact effect of cigarette
smoke, particularly after oral procedures, it may
lead to prolonged healing, infection of the wound or
graft material, membrane exposure, and many other
adverse effects, especially after surgical procedures.
Moreover, smoking has been extensively associated
with an effect on host response by reducing
neutrophil and phagocytosis (32).

Zambon et al. (33) declared that the risk of
subgingival infection in heavy smokers (=10 per
day) is 2.3 times more than in non-smokers. Smoking
was also associated with early membrane exposure
(5.4%), excessive pain (11.1%), flap dehiscence (8.0%)
in GBR, and prolonged wound healing in guided
tissue regeneration (7.6%).

The majority of the files examined in the study belong
to physicians working in the private sector. Many
claims were against private dental offices; the level of
the higher socioeconomic level of patients and costs
could be the reason for this; patients expect high-
quality treatments from these offices and dentists.

Despite the inclusion of 620 claims, the present paper
has some limitations. Since the patients” medical
history data were not available in the case files,
their systemic conditions could not be evaluated.
In some cases, the treatment administered to the
patients, which was the subject of the complaint,
had been corrected or renewed by another
physician. Therefore, the final condition could not
be observed during the follow-up examination,
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and decisions had to be made based on X-rays and
photographs submitted to the board. Additionally,
while measuring the degree of sensitivity and pain,
no objective scale was used. Parameters such as an
emergency visit to the office due to pain were used
to assess different grades of pain.

CONCLUSION

When considering the limitations of this study, it
is noted that the most common failures following
dental procedures are surgical and prosthetic
procedures. While many of the failures have been
considered as complications, it should not be
overlooked that in recent years, there has been
an increase in malpractice cases due to the rising
treatment expectations of patients and increased
involvement of lawyers and insurance companies in
the matter. Proper medical history taking, informed
consent, conducting consultations,
having adequate technical knowledge related to
the treatment to be applied, documenting medical
records, and showing necessary care in following up
on the resulting failures will reduce the likelihood of
physicians facing legal proceedings.
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El parmak arizalarinin maluliyet hesabinda bilirkisi

yaklasimlarinin sonuca etkisi

The impact of expert approaches on the outcome of disability assessment for
finger injuries

Umran Tasci Bilyiiksahan’, Mehmet Mesut S6nmez?
0009-0000-1528-0103 0000-0002-8646-2067

OZET

Amag: Calismamizda maluliyet oranlar: hesaplanirken bilirkisiler arasinda uygulama farkliliklarimin olup olmadig: ve varsa sonuca etkisi vurgulanarak
bu hesaplamalarin standardize edilmesine katki saglamak amaglandi.

Materyal ve Metod: Calismamizda 20.05.2019 ile 25.06.2021 tarihleri arasinda Adli Tip Ugiincii Ihtisas Kurulunda ayn: ortopedi uzmani tarafindan
yapilan muayenelerde el parmak arizas: tespit edilen 160 olgu incelendi. Bu vakalar i¢in dogum tarihi, kaza tarihi, meslek grup numarasi, ayrintil
el muayenesi ve radyolojik inceleme bilgisini iceren formlar diizenlendi. Calismamiza goniilliiliik esasina gore dahil olan 3 adli tip uzmani aym
yonetmelikleri ve bu verileri kullanarak; birbirlerinden bagimsiz olacak sekilde kendi sonuglarini elde etti. Bu oranlar Calisma Giicii ve Meslekte
Kazanma Giicii Kayb: Orani Tespit Islemleri Yénetmeligi ve Eriskinler Icin Engellilik Degerlendirmesi Hakkinda Yonetmelik kullanilarak ayri ayri
hesaplandi.

Bulgular: Yapilan Friedman analizi; hesaplanan meslekte kazanma giicii kayb1 oranlarinda uzmanlar arasi istatistiksel anlaml bir farkhlik oldugunu
gosterdi. (Q= 65,55, p<0,001). Yine bu analiz hesaplanan engellilik oranlarinda da uzmanlar aras: istatiksel anlamli bir farklilik oldugunu gosterdi.
(Q=14,955, p<0,001). Boylece degerlendirmeyi yapan uzmanin hesaplanan maluliyet degeri iizerinde istatiksel anlaml farklilik yarattigi goriilmiis oldu.

Sonug: Calismamizda buldugumuz farkliliklarin sebebi basit matematiksel hatalar olabilecegi gibi, formiilasyondan kaynaklanan hatalar, takdir
kullanimi, tiiziigtin farkli yorumlanmasi ve muayene bulgularimn farkli yorumlanmas: gosterilebilir. Matematiksel hatalar ve formiillendirme
asamasinda meydana gelebilen hesaplama hatalarinin giderilmesi amaciyla yeni yazilimlar gelistirilebilir ve boylece farkliliklarin bir kismi ortadan
kaldirilabilir. MKGKOTIY'nin A cetvelinde yer alan ariza listelerinin yeterince ayrmntilh olmamasi nedeniyle takdir uygulanmas: gerekebilmektedir.
Bu nedenle daha objektif bir degerlendirme yapilabilmesi igin; ariza listeleri ile tanilarin daha ayrintili ve yeterli hale getirilecek sekilde revize edilerek
ankiloz gibi genel tabirler yerine EHA gibi motor fonksiyon kaybina dayali bir liste olusturulmas: ve yine de gerekli durumlarda takdir kullamilacak ise
takdir kullaniminin standardize edilmesi faydali olacaktir. Yonetmeliklerin ve muayene bulgularmimn farkli yorumlanmasindan kaynaklanan hatalarin
oniine gegebilmek igin bilirkisiler i¢in hizmet ici egitimler, seminerler ve bu konuda yapilacak ¢alismalarin sonuglar1 paylasilarak ortak bir kanaat
gelistirilmesine katki saglanacagi kanaatindeyiz.

Anahtar Kelimeler: Bilirkisi, el parmak, engellilik, maluliyet, takdir kullanimz, iist ekstremite

ABSTRACT

Objective: In our study, we aimed to highlight whether there are differences in the application of disability rates among experts and, if so, their impact
on the outcome to contribute to the standardization of these calculations.

Material and Methods: In our study, 160 cases of finger injuries identified by the same orthopedic specialist during examinations conducted at The
Council of Forensic Medicine 3rd Forensic Expertise Board between May 20, 2019, and June 25, 2021, were examined. For each case, we prepared forms
that included the birth date, accident date, occupational group number, detailed hand examination, and radiological examination information.Three
forensic medicine specialists who participated voluntarily in the study used the same regulations and data to determine their results independently. The
disability rates for these cases were calculated separately using “Calisma Giicii ve Meslekte Kazanma Giicii Kaybi Orani Tespit Islemleri Yonetmeligi”
and “Erigkinler I¢in Engellilik Degerlendirmesi Hakkinda Yonetmelik”.

Results: The performed Friedman analysis indicated a statistically significant difference among the experts in the calculated loss of earning capacity rates
(Q = 65.55, p < 0.001). Similarly, this analysis showed a statistically significant difference among the experts in the calculated disability rates (Q = 14.955,
p <0.001). Thus, it was observed that the expert conducting the assessment caused a statistically significant variation in the calculated disability value.

Conclusion: The differences observed in our study may be due to simple mathematical errors, formulation errors, discretionary decisions, interpretations
of regulations, and interpretations of examination findings. Developing new software by aiming to stop the differences caused by mathematical errors
and calculation mistakes during the formulation phase could help eliminate some differences. The insufficiency of the fault lists in Chart A of the
MGGKOTIY may necessitate the use of discretion. Therefore, to enable a more objective assessment, it would be beneficial to revise the fault lists and
diagnoses to make them more detailed and adequate, creating a list based on motor function loss, such as ROM, instead of general terms like ankylosis.
If discretion is still necessary, standardizing its use would also be advantageous. We believe in-service training, seminars, and sharing of research
results with experts could contribute to developing a common consensus to prevent errors arising from different interpretations of regulations and
examination findings.

Keywords: expert, Finger injury, disability, impairment, discretion, upper extremity
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AMAC

Cesitli sebeplerle kisilerde meydana gelen ve
fonksiyon kaybma yol agan yaralanmalarin yapilan
her tiirlii tedaviye ragmen diizelmemesi ve sekel
halinde kalmasi durumuna maluliyet,
birtakim cetveller kullanilarak hesaplanmas: ile
ortaya ¢ikan orana maluliyet orani denilmektedir (1).
Ulkemizde maluliyet baghg altinda galisma giicii ya
da meslekte kazanma giicii kayb1 oran1 (MKGKO) ve
engellilik kavramlar: beraber degerlendirilmektedir.
Bunlar birbirinden farkli kavramlar olup farkh
yonetmeliklerle hesaplanmaktadirlar. MKGKO ve
engellilik hesaplamalarindaki temel fark; MKGKO
hesaplanirken kisideki mevcut ariza, yasi ve meslegi
dikkate
sadece mevcut ariza degerlendirilmektedir. Ayrica
65 yas tistli kisiler i¢in yashiliga bagli ilave engel
orant verilmektedir. Bu farkliliklar nedeniyle aym
yaralanma igin birbirinden ¢ok farkli maluliyet
oranlari elde edilmektedir.

bunun

alimirken, engellilik hesaplamalarinda

Calismamizda el parmak arizalari, MKGKOTIY
(Calisma Giicti ve Meslekte Kazanma Giicli Kayb1
Oram Tespit Islemleri Yonetmeligi) (2) ve EIEDHY
(Erigkinler Icin Engellilik Degerlendirmesi Hakkinda
Yonetmelik) (3) hiikiimlerine gore degerlendirilerek
bu yo6netmeliklerin benzerlik ve farkhliklari yam
sira; maluliyet oranlari hesaplamirken bilirkisiler
arasinda uygulama farkhiiklarimmn olup olmadig: ve
varsa sonuca etkisi vurgulanarak bu hesaplamalarin
standardize edilmesine katki saglamak amaclanmustir.

MATERYAL VE METOD

Calismamizda Adli Tip Ugiincii Thtisas Kurulu'nda
(3.ATIK) aym: ortopedi uzman: tarafindan yapilan
muayenelerde el parmak arizasi tespit edilen 160
olgu incelendi. Bu vakalar igin dogum tarihi, kaza
tarihi, meslek grup numarasi, kisinin yasi, cinsiyeti,
dominant eli, ek hastalik varligi, meslegi, aym
ekstremitede ek yaralanma olup olmadigi, ayrintili
eklem hareket agikligi (EHA) ve varsa ampiitasyon
seviyesini belirtir ayrintili el muayenesi ve radyolojik
inceleme bilgisini igeren formlar diizenlendi. Bu
hesaplamalar yapilirken el parmak arizalar: disindaki
diger yaralanmalar ve arizalar hesaplamalara dahil
edilmemis olup sadece el parmak arizalari igin
maluliyet oranlar1 hesaplanmuistir.

Calismamiza goniilliilitk esasina gore dahil olan 3
adli tip uzmani ayni yonetmelikleri ve bu verileri
kullanarak; birbirlerinden bagimsiz olacak sekilde
kendi sonuglarini elde etti. Bu {i¢ uzman asistanlik
egitimini kurumda  farkli
tamamlamis olup calisma grubumuzun o6zellikleri
Tablo 1’de gosterilmisgtir.

ayni zamanlarda

Tablo 1. Calisma grubumuzun 6zellikleri

Uzman1 | Uzman2 | Uzman 3
Uzmanlik sresi 10 yil Tyl 8yil
Maluliyet ve Engellilik
Hakkinda Profesyonel Deneyim 8yl 1yildan az 8yl

Calismamizda; her bir uzman birbirinden bagimsiz
olacak sekilde; MKGKO hesabinda meslek grup
numaralar1 1 kabul edilerek ve D cetveline gore
elde edilen sonuglar kullanilmistir. Engellilik orani
hesabinda ise yasa gore ilave engel orani verilmeden
EIEDHY  kullanilarak
hesaplanmigtir. Calismamizda olgularin cinsiyeti,

tim yas gruplarinda
yasi, olay tiirli, el parmaginda gelisen ariza cesidi,
takdir kullanimi, maluliyet ve engel oranlar
arasindaki iliski incelenerek elde edilen bulgular
sekiller ve tablolar kullanilarak sunulmustur.

Istatiksel Analiz: Verilerin istatiksel analizinde ve
grafiklendirilmesinde IBM SPSS Statistics (Versiyon
28.0.10.0), Microsoft Excel for Mac (Versiyon 16.56) ve
Tableau Desktop Professional Edition kullanilmuistir.
Betimleyici istatistikler; kategorik degiskenler icin
say1 ve ytizde olarak verilirken, sayisal degiskenler
i¢in aritmetik ortalama, standart sapma, maksimum,
minimum ve median degerleri olarak verildi.
Bagimli grup analizleri, sayisal degiskenlerin farklar:
normal dagilima uygun olmadigindan Wilcoxon ve
Friedman Analizleri kullanilarak yapildi. Istatistiksel
alfa anlamlilik seviyesi p<0,005 olarak kabul edildi.

BULGULAR

Calismamizda incelenen 160 olgunun 21'i (%13,1)
kadin, 139u (%86,9) erkektir. Olgularin olay
tarihindeki yaslar1 3- 74 arasinda degismekte olup,
yas ortalamasi 32,7 olarak hesaplanmusgtir.

Olgularin yaralanmaya neden olan olay tiirlerine
gore dagilimi Sekil 1’de verilmektedir. 134 olgu
(%83,8) ile is kazas1 kaynakl1 yaralanmalar ilk sirada
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Teror Saldarsst; 1 |
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Kazast; 1 |
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Yaralanmasi; 51

Crush (Ezici), 35

!Fnt.lma!; 2 ==,
Sikagma; 16 |

|'

— e
Yiksekten Diigme; 4 | | Yamk 12|

Sekil 1. Olgularin yaralanmaya neden olan olay tiirlerine gére dagilimi

yer almaktadir. Arag ici trafik kazasi (AITK) 6 olgu
(%3,8) ikinci ve elektrik ¢arpmasi 4 olgu (%2,5) ile
t¢lincli siradadir. Diger tiir kazalar, darp, atesli
silah yaralanmasi (ASY), ara¢ disi trafik kazasi
(ADTK) tiirleri 3’er olgu (%1,9) ile dordiincii sirada
yer almaktadirlar. Ev kazalari, kesici delici alet
yaralanmasi (KDAY), teror saldiris1 ve yanik tiirleri
1’er olgu ile son sirada bulunmaktadirlar.

Olgularin yaralanan ekstremite tarafina gore dagilimi

Sekil 2'de verilmistir.
a0, 36 47.5%
2.5%
L]
Sag Sol Bilateral

$ekil 2. Olgularin yaralanma taraflarina gére dagihimi

Ayrica 125 olguda (%78,1) el parmaklar1 haricinde
ayni ekstremitede ek yaralanma yokken, 35 olguda
(%21,9) aymi ekstremitede ek yaralanma oldugu

gozlemlenmistir. Olgularda goriilen ariza gesitleri
Tablo 2’de verilmigtir. Parmak arizalarmin her
bir parmakta ayri ayri1 goriilme sikhigi Tablo 3'te
verilmistir.

Tablo 2. Olgularin gérilen arizaya gére dagihmi

Olguda Gorilen Ariza n %

Parmak Ampitasyonu 19 12,42
Parmak Ampiitasyonu ve Parmak EHK 31 19,25
Parmak EHK 110 68,32

Tablo 3. Parmak arizalarinin gériilme sikliginin incelenmesi

Bahsi gecen parmagin Sadece bahsi gecen
yaralandigi toplam parmagin yaralandigi
olgu sayisi olgu sayisi
1.parmak 51 12
2.parmak 117 12
3.parmak 114 5
4.parmak 120 44
5. parmak 100 5

Olgularin 3. ATIK tarafindan verilen sonuglara
gore yapilan degerlendirilmesinde 160 olgunun
%91,9'unda (n=147) maluliyet oran1 hesaplanirken
takdir uygulanmamis olup, sadece %8,1’inde (n=13)
takdir kullanilmistir. Olgular ikinci uzmanin takdir
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kullanimina gore degerlendirildiginde; 160 olgunun
%74,4inde (n=119) maluliyet oran1 hesaplanmasi
esnasinda takdir uygulanmamisken, %25,6'sinda
(n=41) takdir kullanilmistir.

Calismamizda 160  olgunun  Grupl kabul
edilerek D cetveline gore hesaplanan MKGKO
ve engellilik oranlar1 her bir uzman icin ayr ayr
degerlendirilmistir. MKGKOTY
gore yaptiklar1 degerlendirmede 28 olguda aym
sonuca ulagmistir. Bu olgularin 18i dominant,
10’'u nondominant el yaralanmasi olup, bilateral
yaralanmalarda ortak sonug elde edilmemistir.
Ortak sonug elde edilen 28 olgu goriilen arizaya

Tim uzmanlar

gore degerlendirildiginde 6 olguda ampiitasyon, 16
olgudaise eklem hareket kisithligi (EHK) bulunmakta
olup 6 olguda hem EHK hem ampiitasyon arizalar:
bulunmaktadir.

EIEDHY goére yaptiklar
degerlendirmede 26 olguda ortak sonuca ulagmis

Tim  uzmanlar
olup bunlardan 15’i dominant el, 11’i nondominant
el olup, 3 olguda parmak ampiitasyonu, 21 olguda
ise EHK ve 2 olguda hem parmak ampiitasyonu hem
EHK oldugu goriilmiistiir.

Birinci  Uzmanin  Yaptigi ~ Hesaplamalarin
Degerlendirilmesi: Uzman 1 tarafindan, olgularin
100inde (%62,5) engellilik orami daha yiiksek,
53’tinde (%33,1) MKGKO daha yiiksek bulunmus
olup; 7 olguda ise (%4,4) MKGKO ve engellilik
oranlar1 esit bulunmustur. Bu 7 olgunun; 1'inde hem
MKGKO hem de engel oraninin %0 oldugu, 6'sinda
ise bulunan oranda esitlik oldugu goriilmiistiir.
Ayrica 3 olguda MKGKO %0 olup, bu olgularin 2
tanesinde Oziir oramu sifirdan farkl bir degerdir. Bu
iki olgundan birinde 1. Parmakta, digerinde 3. ve 4.
parmakta EHK oldugu goriilmiistiir. Engel orani %0
olup ve MKGKO %0 olmayan olgu yoktur (Tablo 4),

(Sekil 3).

Yapilan Wilcoxon testine gore; Uzman 1'in
hesapladig1 maluliyet ve engellilik oranlar1 arasinda
istatiksel anlamli farklilik vardir (Z=-3,593, p<0,001).

Uzman 1 tarafindan tiim olgular icin hesaplanan
maluliyet oranlar1 ile engellilik oranlari arasinda
pozitif yonde ¢ok iyi derecede anlamli bir iliski
vardir (r= 0,822; p<0,001) (Sekil 4).

Tablo 4. Uzman 1 tarafindan tiim olgulara verilen maluliyet
ve engellilik orani incelemesi

Ortalama SS Min - Max | Median
Maluliyet Orani (%) 14,158 10,619 0-55,8 10,71
Engellilik Orani (%) 16,11 11,464 0-66 14

70

30 H

30

B Maluliyet Oran (%) B Engellilik Orans (%)

$ekil 3. Uzman 1'in tim olgular icin hesapladigi maluliyet ve engellilik oranlarinin
minimum, maksimum, %25-75 persentil ve median degerleri

Maluliyet Oram (%)
(7] o A
= = =

=]
=2

15 20 25

30 35 40 45 50
Engellilik Oram (%)

55 60 65 70

Sekil 4. Uzman 1 tarafindan tim olgulara verilen engellilik ve maluliyet
oranlarinin iliskisi

ikinci Uzmanin Yaptig1 Hesaplamalarin
Degerlendirilmesi:  Ikinci uzman tarafindan
olgularin 82'inde (%51,2) engellilik orami1 daha
ylksek, 72 olguda (%45) ise MKGKO daha
yliksek bulunmustur. 6 olguda (%3,8) oranlar esit
bulunmustur. Engel oran1 %0 olup ve MKGKO farkl:
bir deger hesaplanan olgu olmadig1 gibi MKGKO %
0 olup ve engel orani farkli bir deger hesaplanan olgu
da yoktur (Tablo 5), (Sekil 5).

Tablo 5. Uzman 2 tarafindan tim olgulara verilen maluliyet
ve engellilik orani incelemesi

Ortalama SS Min - Max| Median
Maluliyet Orani (%) 16,737 10,711 3,2-54,4 13,6
Engellilik Orani (%) 16,81 10,619 0-55,8 10,71
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60

50

s

B Maluliyet Orami (%) B Engellilik Oram (%)

Sekil 5. Uzman 2'in tiim olgular icin hesapladigi maluliyet ve engellilik oranlarinin
minimum, maksimum, %25-75 persentil ve median degerleri

Yapilan Wilcoxon testine gore; Uzman 2'in
hesapladig1 maluliyet ve engellilik oranlar1 arasinda

istatiksel anlamli farklilik yoktur (Z=-0,497, p=0,619).

Uzman 2 tarafindan tiim olgular igin hesaplanan
maluliyet engellilik oranlar1 arasinda pozitif yonde
¢ok iyi derecede anlaml bir iliski vardir (r= 0,878,
p<0,001). (Sekil 6).

Uglincii  Uzmanin ~ Yaptign  Hesaplamalarin
Degerlendirilmesi: Ugiincii uzman tarafindan,
tiim olgularin 72’sinde (%45) engellilik oran1 daha
yliksek, 79 olguda (%49,4) ise MKGKO daha yiiksek
bulunmustur. 9 olguda (%5,6) MKGKO ve engellilik
oranlar1 esit bulunmustur. Aralarinda esitlik bulunan
9 olgunun; sadece 1’inin hem MKGKO hem de engel
oranlarinin %0 oldugu diger 8 olguda ise hesaplanan
oranda esitlik olusmustur. Engel orani %0 olup ve
MKGKO farkl bir deger hesaplanan olgu olmadig:
gibi MKGKO oran1 % 0 olup ve engelligi farkli bir
deger hesaplanan olgu da yoktur (Tablo 6), (Sekil 7).

Uzman 3’iin
hesapladig1 maluliyet ve engellilik oranlar1 arasinda
istatiksel anlamli farklilik yoktur (Z=-1,213, p=0,225).

Yapilan Wilcoxon testine gore;

Uzman 3 tarafindan tiim olgular icin hesaplanan
maluliyet engellilik oranlar arasinda pozitif yonde
¢ok iyi derecede anlaml bir iliski vardir (r= 0,799,
p<0,001) (Sekil 8).

Meslekte Kazanma Giicii
Kayb1 Oranlarinin Karsilastirmasi:: MKGKO'lar1
iizerinde hesaplama yapan uzmandan uzmana

Uzmanlar Arasi

farklilik olup olmadigmnin degerlendirilmesi icin

yapilan Friedman analizi sonucu; uzmandan

Tablo 6. Uzman 3 tarafindan tiim olgulara verilen maluliyet
ve engellilik orani incelemeleri

Ortalama SS Min - Max | Median
Maluliyet Orani (%) | 18,046 12,33 0-59 14,47
Engellilik Orani (%) 16,68 10,746 0-54 16

60

50

'S
=]

Maluliyet Orani (%)

0 5 10 15 20 25 30 35 40 45 50 55 60
Engellilik Oram (%)

Sekil 6. Uzman 2 tarafindan tum olgulara verilen engellilik ve maluliyet
oranlarinin iliskisi

T0
60 0

50

M Maluliyet Oram (%) B Engellilik Oram (%)
$ekil 7. Uzman 3'in tim olgular icin hesapladig maluliyet ve engellilik oranlarinin

minimum, maksimum, %25-75 persentil ve median degerleri

70

60 .

Maluliyet Orant (%)

0 5 10 15 20 25 30 35 40 45 30 55 60
Engellilik Oran1 (%)

Sekil 8. Uzman 3 tarafindan tim olgulara verilen engellilik ve maluliyet
oranlarinin
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uzmana istatiksel anlamli bir farklilik oldugu
saptanmistir (Q= 65,55, p<0,001). Degerlendirmeyi
yapan uzmana gore, hesaplanan maluliyet oranlar1
arasinda istatiksel olarak anlamli farklilik ortaya
¢iktig1 anlasilmistir (Tablo 7), (Sekil 9).

Tablo 7. Tim olgularin maluliyet oraninin uzmanlara gére
incelemesi

Standard Ortalama
Ortalama | Sapma | Min-Max  Median Rank

Uzman 1 14,158 10,619 0-51,80 10,71 1,57
Uzman2| 16,737 10,711 3.2-54.4 | 23,905 2,12
Uzman 3| 18,046 12,333 0-59 26,75 2,32

70

60
F 50 1 =
a 1 o 1
& 40 . i :
= 30 l 1 :
g 20 | &

10 L8

0

B UZMAN | B UZMAN 2 B UZMAN 3

$ekil 9. Uzman1, Uzman 2 ve Uzman 3'Un tim olgular icin hesapladigi maluliyet
oranlarinin minimum, maksimum, %25-75 persentil ve median degerleri

Yapilan Post-hoc analizleri (Wilcoxon testi) sonucu;
Uzman 1 ve Uzman 2nin hesapladigt MKGKO
arasimnda (Z=-5,824, p<0,001), Uzman 1 ve Uzman
3tin hesapladigit MKGKO arasinda (Z=-6,660,
p<0,001), Uzman 2 ve Uzman 3’lin hesapladig:
MKGKO arasinda (Z=-2,910, p=0,004) anlamli bir
farklilik oldugu saptanmustir.

Uzmanlar Arasi Engellilik Oranlarinin
Karsilastirmasa:

Tablo 8. Tum olgularin engellilik oraninin uzmanlara gore
incelemesi

Standard Ortalama
Ortalama| Sapma | Min-Max | Median Rank
Uzman 1 16,11 11,464 0-66 14 1,79
Uzman 2 16,81 10,204 1-54 15 2,10
Uzman 3 16,68 10,746 0-54 16 212

Engellilik oranlar1 {izerinde hesaplama yapan
uzmandan uzmana farklilik olup olmadigmin
degerlendirilmesi icin yapilan Friedman analizi

sonucu; uzmandan uzmana istatiksel anlamli bir

farkliik oldugu saptanmugtir (Q=14,955, p<0,001).
Degerlendirmeyi yapan uzmanina gore, hesaplanan
engellilik oranlar1 arasinda istatiksel anlamli farklilik
ortaya c¢iktig1 anlasilmustir. (Tablo 8), (Sekil 10).

Yapilan Post-hoc analizleri (Wilcoxon testi) sonucu;.
Uzman 1 ve Uzman 2'nin hesapladigi engellilik
oranlar1 arasinda (Z=-1,824, p= 0,068), Uzman 1 ve
Uzman 3'iin hesapladig1 engellilik oranlar: arasinda
(2=-2,348, p= 0,019), Uzman 2 ve Uzman 3’iin
hesapladig1 engellilik oranlar1 arasinda (Z=-0,035, p=
0,972) anlaml bir farklilik olmadig: saptanmusgtir.
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$ekil 10. Uzman1, Uzman 2 ve Uzman 3'lin tiim olgular icin hesapladigi engellilik
oranlarinin minimum, maksimum, %25-75 persentil ve median degerler

TARTISMA
Calismamizda 160 olgunun cinsiyetlere gore
dagilmi literatiir ile uyumlu bulunmustur.

Literatiir tarandiginda is kazasinin agirlikli oldugu
calismalarda cinsiyet oraninin %95,3-97,5 arasinda
erkeklerden, 9%2,9-4,7 arasinda kadinlardan
olustugu, trafik kazas1 yogunlukta olan ¢alismalarda
ise bu oranin 9%59,6-74,3 aras1 erkeklerden, %?25,7-
404 aras1 kadinlardan olustugu gorulmiistir (4-
7). Hem calisma hayatinda hem de sosyal hayatta
erkeklerin daha fazla bulunmasi nedeni ile kazalara
erkeklerin daha fazla maruz kaldig: diistintilmiisttir.
Olgularin olay tarihindeki yas ortalamasi 32,7 olarak
hesaplanmis olup; iilkemizde gerek is hayatinda,
gerek sosyal hayatta ve gerekse trafikte geng
niifusun daha aktif yer almasindan kaynaklandig:
distintilmiistiir.

Calismamizda olgular yaralanmaya neden olan olay
tiirlerine gore incelendiginde 134 olgu (%83,8) ile is
kazasi kaynakli yaralanmalar ilk sirada yer aldig:
goriilmektedir. Bizim c¢alismamizin aksine Ak’in
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calismasinda (8) %37, Ozbay'm calismasinda (9)
%66,5, Umut ve Okudan’in ¢alismasinda (10) %734
orani ile trafik kazalar1 daha fazla bulunmus olup
belirgin bir fark oldugu goriilmiistiir. Calismamizda
is kazalarmin daha fazla goriilme sebebi olarak
yapilan iglerin biiyiik ¢ogunlugunda el becerisi
6nemli olmasryla birlikte elin tehlikeye en acik organ
olmasindan kaynaklanabilecegini diistinmekteyiz.
Ayrica trafik kazasi, diisme, ASY gibi tiim viicudu
ilgilendiren yaralanmalarda MKGKO verilirken eger
daha agir engele neden olan bir yaralanma varsa
orani yiiksek olan dikkate alinir yaklasimi nedeniyle
el parmaklar: yerine, el bilek, dirsek, omuz vb. iist
ekstremite arizasina bagli oran verildigi, bu nedenle
el parmak arizasi goriilme sikhgmin diger kazalarda
daha diisiik olabilecegi diistiniilmektedir. Calisma
serimizdeki olgularin 125'inde (%78,1) el parmaklar:
haricinde ayn1 ekstremitede ek yaralanma olmamasi,
sadece 35 olguda (%21,9) el parmaklar1 harici ek
yaralanma tespit edilmis olmasi, bu goriistimiizii
destekler niteliktedir.

Olgularin %50’sinde (n= 80) sag, %47,5inde (n=76)
sol, %2,5inde (n=4) bilateral yaralanma oldugu
tespit edilmistir. Calisma grubumuzun ¢ogunlugunu
olusturan is kazasi kaynakl yaralanmalar oldugu
gz Oniine alinirsa sag ve sol el icin ¢ok yakin
degerler bulunmus olmasi c¢alisma hayatinda
her iki elin yaralanma riskinin yakm oldugunu
diistindtirmektedir. Aymi sekilde c¢alismamizda
160 vakanin 84’4 (%52.5) dominant, 72’si (%45)
nondominant elde ve 4’ (%2.5) bilateral yaralanma
olup, bu verilere gore gerek is yasaminda gerekse
glindelik hayatta el becerisi gerektiren islerde
dominant taraf kadar nondominant tarafin da
aktif rol aldig1 ve yaralanma riskinin yakin oldugu
goriilmektedir. Her ne kadar dominant elin avantajl
oldugu meslekler olsa da bir¢ok riskli is grubunda
her iki el i¢in de benzer kaza riskleri olmakla birlikte,
nondominant el yaralanmig dahi olsa bir sonraki
olas1 kazada her iki elin yaralanma riskini arttirdig:
diistiniilmektedir. Aynisekildemeslekleilgilikazalara
pek rastlanmayan islerde ¢alisanlar igin ise yeterli
egzersizle dominant elin degistirilip 6grenilebilir bir
yetenek olmasi nedeniyle dominant nondominant
ayriminin MKGKO hesaplamasindan kaldirilmas:
ve %20 oraninda indirimin uygulanmamasinin daha
adil oldugunu diistinmekteyiz.

Calisma grubumuzdaki 160 vakanin hangi parmak
arazlarindan oran verildigi
vaka da basparmak (1.parmak) arizasinin oldugu,
bunlardan 12 tanesinde sadece basparmak arizasi
oldugu, 117 vakada isaret parmak (2.parmak)
arizasmin oldugu, bunlardan 12 tanesinde sadece
isaret parmak arizasmin oldugu, 114 vakada orta
parmak (3.parmak) arizas: oldugu, bunlardan sadece
5 tanesinde sadece orta parmak arizast oldugu, 120
vakada yiiziik parmak (4. Parmak) arizas: oldugu,
bunlardan 4 tanesinde sadece yiiziik parmak
yaralanmas1 oldugu, 100 vakada serge parmak (5.
parmak) arizast oldugu, bunlardan 7 tanesinde
sadece serce parmak arizasi oldugu goriildii. Her
parmak igin ayr1 ayr1 izole tek parmak arizasi olmasi
o parmagin total arizali olmasi orani hesaplanmig
olup, bagparmak icin %23,5, isaret parmak i¢in %10,3,
orta parmak i¢in %5,1, yiiziik parmak igin %3,3, serce
parmak icin %7 oranlari bulunmus olup, en sik yalniz
yaralanan parmagin bagsparmak oldugu, en ¢cok diger
parmaklar ile birliktelik gdsteren parmagimn da ytiziik
parmagi oldugu bulunmustur.

incelendiginde, 51

Calismamizda 3. ATIK tarafindan verilen MKGKO
sonuclarina gore takdir kullanim  durumu
degerlendirildiginde; sadece 13 (%8.1) olguda takdir
kullanildig1 goriilmiistiir. Calismamiza dahil olan 3
uzmandan sadece birisi takdir kullanim durumunu
kaydetmistir. Bu ¢alismamiz agisindan bir eksiklik
olarak degerlendirilmis olsa da 3. ATIK ile Uzman
2'nin verilerinin karsilastirilmasi agisindan anlamh
bulunmustur. Uzman 2; 160 olgudan 41 (%25.6)
inde takdir kullanmistir. Literatiir tarandiginda
Glirbiiz’iin ¢alismasinda (7) 201 olgunun %23,5"inde,
Yildirim'mn ¢alismasinda (11) olgularin %8,9’unda,
Eroglunun ¢alismasinda (12) %64,9'unda, Budak’in
calismasinda (13) %26,8'inde (n=40) takdir
uygulandigr goriilmiistiir. Takdir uygulanmasinin
bu kadar genis aralikta olmasinin sebebi takdir
kullanimmin  kisiler, birimler, kurumlar ve
tiniversiteler arasinda farkliliklar gostermesidir.

Calismamizda kullandigimiz 160 olgu icin MKGKO
hesaplanirken uzmandan uzmana istatiksel olarak
anlamli bir farkliik olustugu, ayrica {i¢ uzmanin
Uzman 1 ve Uzman 2, Uzman 1 ve Uzman 3,
Uzman 2 ve Uzman 3 olacak sekilde ikiserli olarak
karsilastirilmasinda da aralarinda anlamli farklilik
oldugu saptanmustir.
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Calismamizda kullandigimiz 160 olgu i¢in engellilik
orani hesaplanirken uzmandan uzmana istatiksel
olarak anlamli bir farklihik oldugu, uzmanlar
arasinda yapilan ikiserli karsilagtirmalarda, Uzman
1 ve Uzman 2 arasinda anlamli farklilik olmadig;,
Uzman 1 ve Uzman 3 arasinda anlamh bir farklilik
oldugu, Uzman 2 ve Uzman 3 arasinda anlaml bir
farklilik olmadig1 saptanmaistir.

Calismamizda her iki cetvelin kullaniminda
kisiler arasinda degerlendirme farkliliklar1 oldugu
bulunmus olsa da derinlemesine incelendiginde
engellilik cetvelinde bulunan degerler birbirine daha
yakin olup kisiler arasindaki kullanim farkliliklari
minimumdadir.

Maluliyet cetveli kullaniminda ise farkin daha agik
olmasinin bir¢ok sebebi vardir. Bunlardan en dikkat
¢ekeni maluliyet hesaplamasinda EHA kaybi ve kas
glicii kaybinin A cetvelinde (ariza listesinde) bir
karsiigmin olmamasidir. El parmak arizalari igin
eger ampiitasyon mevcut ise seviyesine gore bir
deger bulunmakta fakat eklem hareket kisithlig igin
hesaplama o eklemdeki sertlik ve ankiloz degerleri
tizerinden orantilanarak yapilmaktadir. Ve bu
noktada ¢ok fazla kisiler arasi yaklasim farkliligs,
takdir kullanimina bagl deger farkliliklari ortaya
¢ikmaktadir.

Engellilik cetvelinde ise her eklem icin ayr1 ayr1 10’ar
derecelik eklem hareket agikligina gore ve eklem
ankilozlarina karsilik gelen degerler bulunmakta
olup kisiler aras1 yaklasim farkliliginin biiyiik olgiide
oniine gecilmistir.

ATK’da yapilan bir ¢calismada (14); birimler arasinda
MKGKO hesabi agisindan en uyumlu ariza listesinin
9. Liste olarak belirlendigi bildirilmisgtir.

Adli Tip Kurumunda yapilan bagka bir ¢alismada
(15), Adli Tip Genel Kurulu (ATGK) ile 3. ATiK'nda
yalnizca tek listeden maluliyet oran hesab1 yapilmigl
olgular arasinda en yiiksek uyumun 9. Listede (El
parmaklari arizalar1) oldugu, buna karsiik ATGK ile
diger kurum kararlar1 arasinda en diisiik uyumun 9.
Listede (El parmaklari arizalari) oldugu bildirilmisgtir.
Ayrica bu calismada tek listeden maluliyet oran
hesab1 yapilan olgularda, 3. ATIK ile diger kurum
kararlar1 arasinda en diisitk uyumun ise sirasiyla 1.
2.ve 9. Listeler arasinda oldugu bildirilmistir.

Ayni ¢alismada, degerlendirmelerin aymi kisi ya da
ayni ekip tarafindan yapilmasi halinde tutarlihgin
¢ok ytiiksek oldugu belirtilmistir. Bu ¢alismada ise,
MKGKOTC'ne gore 3 uzmanin belirledigi maluliyet
oranlarinda uzmandan uzmana istatiksel anlamh bir
farklilik oldugu bulunmustur. Bu dogrultuda daha
kapsamli bir ¢alismalar yapilmasi, ayni olgularin
calismaya katilan uzmanlara defaatle verilerek
oran hesab1 yapmalarinin istenmesi ve boylece ayni
kisinin farkli zamanlarda ayni olguya yaklasiminda
farkliiklar  ve olup
tartisilmasi yararl olacaktir.

benzerlikler olmadigimin

Literatiirde, Tiirkiye’de MKGKO degerlendiril-
mesindeki farkliklarin nedeni olarak; tuzik ve
yonetmeliklerdeki yoruma acik eksiklikler, tiizii-
glin yanls kullanilmas: ya da farkhi degerlendi-
rilmesi (14,16-19), tiiziiglin takdir kullanilmasina
yapist  (16,18),

degerlendirme farkliliklar1 (8,14,16,20) gosterilmis-

imkan  veren muayene ve
tir. Bizim calismamizda da benzer sekilde 3 uzman
elde edilen farklh basit
matematiksel hatalardan kaynaklanabilecegi gibi,
takdir

kullanimi, tiiztigiin farkli yorumlanmasi ve mu-

arasinda sonuglarin,

formiilasyondan  kaynaklanan hatalar,
ayene bulgularmin farkli yorumlanmasindan da

kaynaklanabilecegi soylenebilir.

SONUC
Klinik adli tip wuygulamalarinda maluliyet
ve  engellilik  degerlendirmesinde  kisilerin

muayenelerinin yapilmasi ve elde edilen bulgularin
degerlendirilmesi gerekir. Bu degerlendirmelerin
standart Olgiilerde yapilabilmesi igin rehber ve
yonetmelikler kullanilmaktadir. Kiside bulunan
arizanin yonetmelikte tam karsiligmin bulunmadig:
durumlarda takdir yetkisi kullanilir ancak takdir
kullanimmmin nasil olmas: gerektigi yonetmelikte
Adli tip uzmanlarinin hemen
takdir hakkin
Kurumlar kendi i¢lerinde takdir kullanimina yonelik

belirtilmemistir.
hemen tamami kullanmaktadir.
standartlar belirlemis olsalar da; diger kurumlar ile
ortak bir yaklasim bulunmamaktadir. Bu belirsizlik
ise raporlar arasindaki celiskilere, itirazlara,
mahkeme siirelerinin uzamasina ve hak kayiplarina

neden olmaktadir.
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Calismamizda 6zellikle eklem hareket kisitliliklari ve
ampiitasyonlar degerlendirilmis olup sonuglarimiz
dikkate alindiginda daha objektif bir degerlendirme
yapilabilmesi icin; Meslekte Kazanma Giicti Kayip
Orani Tespit Cetvelinin ariza listeleri ile tanilarmin
daha ayrintih ve yeterli hale getirilecek sekilde
revize edilerek ankiloz gibi genel tabirler yerine
EHA gibi motor fonksiyon kaybina dayali bir liste
olusturulmasi ve yine de gerekli durumlarda takdir
kullanilacak ise takdir kullaniminin standardize
edilmesi faydali olacaktr.

Muayene edilecek olgularda adli dosyanin muayene
oncesinde mutlaka ayrintih  6n  incelemeden
gecirilmesi ve muayene sonucunda elde edilen
bulgular ve dosyadan elde edilen bilgiler ile
maluliyet oranmin tayini igin gerekli olan formdiliin
olusturulmasi ve kararm miimkiinse bu asamada
alinmasi 6nerilmektedir.

Formiillendirme asamasinda hesaplama hatalarinin
giderilmesi amaciyla yeni yazilimlar gelistirilmeli
boylece rapor diizenleyenden kaynaklanabilecek
matematiksel hatalarin éniine gecilmesi ile raporlar
arasindaki farkliliklar ortadan kaldirilmalidir.

Sonug olarak c¢alismamizda el parmak arizalari
degerlendirilmis olup, diger viicut bolgelerinde
olusan arizalara yonelik benzer c¢alismalar da
yapilarak cetveller arasindaki benzerlik ya da
farkliliklarin ortaya konulmasi, uygulamada yasanan
glicliiklerin degerlendirilmesi ile giincel, bilimsel,
objektif, herkes tarafindan uygulanabilen ortak bir
cetvel olusturmak uygun olacaktir.

Etik Kurul Onayn: Calisma Adli Tip Kurumu Bagkanhg Etik Kurulu
04.10.2021/2021/1190 say:li karar ile izin alinmigtir.

Finans: Bu ¢calisma icin hi¢ bir kurum veya kurulustan finansal destek alinmanmugtir.

Cikar catismast: Yazarlar cikar catismast olmadigini beyan eder.
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Alal hastahigi veya akil zayifligi nedeniyle bosanma:
Adli psikiyatrik acidan inceleme
Marriage annulment due to psychiatric disorders: An analysis under Turkish civil law
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OZET

Amag: Bosanma davalarinda akil hastaligi veya akil zayifligi1iddialarinin incelendigi cok az sayida ¢alisma mevcuttur. Calismamizda,
bosanma siirecinde akil hastalig1 veya akil zayifligr oldugu iddiasi ile kurumumuzca degerlendirme istenen vakalarm hukuki ve
psikiyatrik yonlerini incelemeyi amacladik.

Yontem: 2018-2023 yillar: arasinda mahkemeler tarafindan Adli Tip Kurumu Goézlem [htisas Dairesine yonlendirilen, Tiirk Medeni
Kanunu'nun (TMK) 145. ve 165. maddesi kapsaminda degerlendirme istenen bireylerin kayatlari retrospektif olarak incelenmistir.

Bulgular: Calismamizda TMK 165. madde kapsaminda evliligi ¢ekilmez hale getirecek bir psikiyatrik bozukluk olduguna karar
verilen 21 (%61,8), boyle bir rahatsizlik olmadigina karar verilen 13 (%38,2) olmak {izere toplamda 34 vaka mevcuttur. Evliligi
¢ekilmez hale getirdigi karari verilenlerde en sik tan1 sizofreni spektrum bozukluklaridir, zihinsel yetersizlikler ise ikinci sikliktaki
tanidir. Dava dilekgelerinde belirtilen en sik sebepler evlilikte sorumluluklarini yerine getirememe, psikiyatrik bozukluk belirtileri,
siddet uygulamadir. TMK 145. madde kapsaminda butlan karari verilenlerin orani %41,2’dir.

Sonug: Elde edilen bulgular, 6zellikle sizofreni spektrum bozukluklar1 gibi ciddi akil hastaliklarinin evlilikte ciddi sorunlar
yaratabilecegi ve karsi taraf igin evliligi cekilmez hale getirebilecegini ve bosanma siireglerini hizlandirabilecegini gostermektedir.
Ciddi bir akil hastaligi veya akil zayiflig1 olan bireylerin evliliklerinde sorumluluklarini yerine getirmekte zorlanabildikleri,
psikiyatrik belirtiler nedeniyle sorunlar yasayabildikleri, siddet uygulayabildikleri ve bu durumun bosanma kararlarina zemin
hazirladig: tespit edilmistir.

Anahtar Kelimeler: TMK 165, TMK 145, sizofreni, zihinsel yetersizlik
ABSTRACT

Objective: There is a limited body of research examining divorce cases in which mental illness or mental weakness is the basis for
divorce. This study aimed to examine the legal and psychiatric aspects of cases in which our institution was requested to evaluate
cases with the claim of mental illness or mental weakness during the divorce process.

Method: The records of individuals referred to the Psychiatric Observation Department of the Forensic Medicine Institute by
the courts between 2018 and 2023 and evaluated under the scope of Articles 145 and 165 of the Turkish Civil Code (TCC) were
retrospectively analyzed.

Results: A total of 34 cases were included in our study. Among these, 21 cases (61.8%) involved individuals with a psychiatric
disorder that made the marriage intolerable, as defined by Article 165 of the TCC. The most common diagnosis in these cases was
schizophrenia spectrum disorders, followed by intellectual disabilities. The petitions cited reasons such as an inability to fulfill
marital obligations, the presence of psychiatric symptoms, and incidents of violence. Additionally, 41.2% of the cases resulted in
nullity decisions under Article 145 of the TCC.

Conclusion: The findings indicate that individuals diagnosed with serious mental disorders, such as schizophrenia spectrum
disorders, may experience significant challenges in maintaining a stable and fulfilling marriage. These challenges may lead to a
deterioration in the marriage and an accelerated rate of divorce. It was established that individuals with a serious mental illness or
mental weakness may encounter challenges in fulfilling their marital responsibilities, may experience difficulties due to psychiatric
symptoms, may engage in violence, and that this may ultimately result in a decision to divorce.
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GIRIS

Evlilik, yalnizca iki bireyin birlikte yasama kararmdan
ibaret olmayan, aymi zamanda hukuki, duygusal,
sosyal ve ekonomik bir birlikteligi ifade eden bir
kurumdur. Evliliginstirdiiriilebilirligi, esler arasindaki
sevgi, saygl, uyum, baghlk gibi temel duygularin
yani sira, gorev ve sorumluluklarin yerine getirilmesi,
iletisim becerileri, problem ¢6zme yetileri ve taraflarm
birbirlerine karsi yiiktimliiliiklerini yerine getirme
konusundaki durumlarina da baghdir. Bu dengeyi
bozan baz1 durumlar, evlilik birligini sonlanmasimna
neden olabilmektedir. Tiirk Medeni Kanunu'na
(TMK) gore zina, hayata kast, kotii veya onur kirici
davranus, sug isleme ve haysiyetsiz hayat stirme, terk,
akil hastalig1 gibi cesitli sebeplerle bogsanmaya karar
verilebilmektedir (1). Bu durumlar arasinda akil
hastalig1 veya akil zayifhigi 6nemli bir yer tutar ve
evlilik {izerinde derin ve yikic1 etkiler birakabilir.

Tirk Medeni Kanunu'nun 165. maddesi, “eslerden
biri akil hastas1 olup da bu ytizden ortak hayat diger
es icin cekilmez hale gelirse, hastaligin ge¢mesine
olanak bulunmadig1 resmi saglik kurulu raporuyla
tespit edilmek kosuluyla bu es bosanma davasi
acabilir” ifadesiyle, bu durumu hukuki olarak
diizenlemektedir (2). Bu tiir bir bosanma talebinin
kabul edilebilmesi igin, akil hastaliginin iyilesmesinin
miimkiin olmadiginin resmi saglik kurulu raporuyla
belirlenmesi gerekmektedir. Bu diizenleme, evlilik
kurumunu koruma amacini giiderken, ayni zamanda
akil hastalig1 olan bireyin haklarini da gozetir.

Tiirk Medeni Kanunu'nun 145. maddesi 2. fikrasinda
eslerden birinin evlenme sirasinda stirekli bir
sebeple ayirt etme giiciinden yoksun bulunmasi
durumunda, 3. fikrasinda ise eslerden birinde
evlenmeye engel olacak derecede akil hastalig:
bulunmasi  durumunda evlenmenin  mutlak
butlanla batil olacagina hiikmedilmistir (2). Bu
hiikiim, evliligin temelden gegersiz sayilmasina yol
acabilecek durumlar1 6nceden belirlemeyi amaglar.
Ayrica, TMK 133. maddesine gore akil hastalig:
bulunan kisiler, evlenmelerine engel bir akil hastalig
olmadigr seklindeki bir saghk kurulu raporuyla

evlenebilirler (2).

Alil hastaliklar: ve akil zayifhg: evliligin baslamasi
ve stirdiiriilmesi konusunda cesitli hukuki ve iligkisel
sorunlara neden olabilmektedir. TMKye gore kisilerin

evlenme sirasinda ayirt etme giiciine sahip olmalari
gerekmektedir. Evlendigi sirada fiili ehliyetini
ortadan kaldiracak derecede bir akil hastalig1 veya akil
zayifhg1 olan kisilerin evlilikleri gecerli olmayacaktir
(1, 3). Evlendikten sonra ise akil hastaliginin veya
akil zayifliginin mahiyeti ve siddetine gore iliskide
cesitli sorunlar yasanabilmektedir. Ornegin sizofreni
hastalar1 negatif veya bilissel belirtiler nedeniyle veya
entelektiiel yetersizligi bulunan kisiler evlilikteki
gorev ve sorumluluklarini, 6zbakim becerilerini yerine
getirmekte ve cocuklara bakim verme konusunda
zorluklar yasayabilirler (4, 5). Hezeyan veya
haliisinasyonlar ise karsi tarafa stirekli ithamlara, stkga
dava agmalara, ¢ocuklar: icin DNA testi istemlerine,
siddet uygulamaya, davranis problemlerine neden
olarak evlilik iliskisinde ¢ok ciddi sorunlara neden
olabilir. Cok sayida calisma, sizofreni spektrumu ve
diger psikotik bozukluklar, entelektiiel yetersizlik
ve bipolar bozukluk gibi psikiyatrik bozukluklarin
varliginda bosanma oraninin arttigini gostermistir
(6, 7). Finlandiya’da yapilan bir calismada psikiyatrik
morbiditenin bosanma oranlarin1 yaklasik 2 kat
artirdigl, bu oranin erkeklerde daha fazla oldugu
bulunmustur (8). Akil hastaliginin tiirti ve siddeti,
tedavi uyumu, i¢gorii gibi faktorlerin degerlendirmesi
bu siirecte 6nemli olmaktadir. Adli Tip Kurumu
4. Thtisas Dairesine bagvuran, Bipolar Bozukluk
tanis1 olan kigilerin evliligi c¢ekilmez hale getirip
getirmediginin incelendigi bir calismada basvurularin
coguna (%89) evliligi cekilmez hale getirecek siddette
bir akil hastalig1 olmadigi karar1 verildigi belirtilmistir.
Bu calismada evliligi c¢ekilmez hale getirdigi
diisiiniilen vakalarin hastane yatis sikliklarinin ve sug
oykiilerinin anlaml1 derecede daha fazla oldugu tespit
edilmistir (9).

Akil hastaliklar1 veya akil zayifliklar1 nedeniyle
bosanma davalarinda rapor talep edilen uzman ekip
dikkatli ve objektif calismali, hastaligin tiirii ve siiresi,
tedaviye uyum, tedavi yamniti, tedaviyle diizelip
diizelmemesi, hastaneye yatis sikligi ve sayisi,
evlilikte sorumluluklar1 yerine getirebilme, sosyal
islevsellik gibi bir¢ok bileseni degerlendirmelidir
(10). Bu tiir degerlendirmeler evlilikte her iki tarafin
haklarinin korunmasi ve evlilik kurumunun saghkl
isleyisi agisindan biiyiik 6nem tasimaktadir.

Ulkemizde bu konuda yapilan ¢ok az sayida ¢alisma
Bu makalede, Tiirkiye'de akil
hastalig1 veya akil zayiflig1 iddiasi ile kurumumuza

bulunmaktadir.
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basvuran vakalarin, basvuru sebepleri, hukuki
stirecleri, sosyodemografik oOzellikleri, psikiyatrik
tanilar1 incelenecektir. Calismamizla bu konudaki
bilgileri artirmayir ve bu siirecte Kklinisyenlere
yardimcr olabilmeyi amagladik.

GEREC VE YONTEM

Orneklem

Calismanin o6rneklemi, TMK'nin 165. Maddesine
gore evliligi cekilmez hale getirecek bir akil hastalig:
veya akil zayifligi olup olmadigi ve TMK 145.
Maddesine gore evlenmeye engel teskil edecek
bir akil hastaligr veya akil zayifligi bulunup
bulunmadigimin degerlendirilmesi igin 2018-2022
yillar1 arasinda Adli Tip Kurumu Gozlem Ihtisas
Dairesine yonlendirilen 18-65 yas arasi erkek ve
olusmaktadir. Adli Tip Kurumu
Gozlem Ihtisas Dairesine bagvuran vakalarmn biiyiik
cogunlugunu mahkemeler tarafindan yonlendirilen
ceza sorumlulugu degerlendirmeleri olusturmaktadir
(11). Vasi tayini agisindan degerlendirmeler, fiili
ehliyet degerlendirmeleri, bosanma davalar1 ve
velayet agisindan degerlendirmeler basvurularin
daha kiiciik bir kismini olusturmaktadir. Mahkemeler
bu degerlendirmelerde, gerekli olduguna karar
verdiginde, 3 haftaya kadar gozlem altina alinmasina
karar vermekte ve bu kisilerin gozlem ihtisas dairesine
yatist yapilarak degerlendirmesi yapilmaktadir.

kadinlardan

Calismamiz 6rneklemindeki olgulara Ulusal Yargi
Ag1 Projesi (UYAP) yazilimi araciligiyla elektronik
veri arsivi sistemi iizerinden tarama yapilarak
ulasilmistir. “Evlilik”, “bosanma”, “evliligi ¢ekilmez
hale”, “TMK 165”7, “TMK 145” anahtar kelimeleri
girilerek arama yapilmistir. Toplamda 54 olgunun
dosyasma ulagilmistir. Bu dosyalar incelendiginde
bunlarm 20’sinin vasi tayini veya islem ehliyeti
degerlendirmeleri olmasi nedeniyle bu dosyalar

calismadan ¢ikartilmistir.

Uygulama

2018-2023 yillar1 arasinda kurumumuza basvuran
vakalarin retrospektif bir taramasini gerceklestirdik.
Adli psikiyatri raporlari, yas ve sosyo-ekonomik
durum gibi demografik bilgilerin yami sira yasal
siirecin baglatilmasinin neden sebepleri, dava
dosyasindaki  gegmis  psikiyatrik  bagvurular,

hastalik siiresi ve kurumumuzda yapilan psikiyatrik
degerlendirmeler sirasinda diistince bozukluklarmin
tanimlanmasi agisindan titizlikle incelendi. Vaka
dosyalarinda belgelenen gecmis psikiyatrik tibbi
kayitlar, ICD-10 smuflandirma sistemi kullanilarak
smiflandirilmistir. Dava siirecinin nasil baslatildig:
“kisinin kendi bagvurusu”, “esinin basvurusu”,
“ailenin  basvurusu”, “mahkeme tarafindan”
seklinde kategorize edilmistir. Dava siirecindeki
dilekgede belirtilen sebepler su sekilde kategorize
edilerek olup olmadigr dilekgeler okunarak
degerlendirilmistir: “evlilikteki ~sorumluluklarim
yerine getirememe iddias1”, “psikiyatrik hastalik
belirtisi iddias1”, “siddet uygulama iddias1”, “maddi
acidan zarara ugratma/sorumluluklarmi yerine
getirememe iddias1”, “calisamama iddias1”. Dava
dilekcesinde hezeyan, haliisinasyon, dezorganize
davranig olabilecek ifadeler psikiyatrik hastalik
belirtisi iddias1 olarak kategorize edilmistir. Ayrica,
dava dilekgesinde basvuran kisinin evlendikleri
sirada akil hastalign  veya akil zayifliginin
kendisinden gizlendigi iddias1 olup olmadig: kontrol
edilmistir. Gozlem ihtisas dairesinin diizenledigi
rapor kararinda evliligi cekilmez hale getiren bir
hastalik olup olmadigi, varsa evlendigi sirada bir
akil hastalig1 olup olmadig: karar1 ve tanilar: bilgileri
alinmistir. Calismada Helsinki Deklarasyonuna
uyulmus olup, Adli Tip Kurumu Egitim ve Bilimsel
Arastirma Komisyonu'ndan 30/04/2024 tarih ve
21589509/2024 /138 sayili karar ile izin alinmustir.

BULGULAR
Bosanma davalarinda adli psikiyatrik degerlendirme
istenen olgularin  sosyodemografik  6zellikleri

incelendiginde; olgularn yas ortalamas: 42,29 +
7,47 yil olarak saptanmustir. Cinsiyet dagiliminda,
%64,7’si %35,3'1  kadindir.
Evlilik siiresinin ortalama 10,35 + 6,80 yil oldugu
gorilmiistiir.
%8,8’inin okuryazar olmadigi, %50,0’sinin ilkokul

vakalarin erkek ve

Egitim durumu incelendiginde,
mezunu oldugu, %20,6’sinin ortaokul, %14,7’sinin
lise, ve %59unun tniversite mezunu oldugu
goriilmiistiir. Calisma durumu agisindan, %8,8"inin
diizenli c¢alistig1, %14,7’sinin diizensiz calistigy,
%64,7’sinin ¢alismadig1 ve %11,8’inin emekli oldugu
belirlenmistir. Cocuk sayis1 bakimmdan, olgularm
%47,1'inin ¢cocugu olmadigl, %29,4tiniin 1 ¢ocugu
oldugu, %11,8'inin 2 ¢ocugu oldugu ve %11,8’inin
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ise 2’den fazla g¢ocugu oldugu tespit edilmistir.
Ayrmtilar Tablo 1'de gosterilmistir.

Bosanma davalarinda adli psikiyatrik degerlendirme
istenen olgularm hukuki 6zellikleri incelendiginde;
basvuru sahibinin kim olduguna bakildiginda,
%73,5inin esi, %14,7’sinin kendisi, %8,8'inin ailesi
ve %2,9’unun mahkeme oldugu goriilmiistiir. Dava
dilekcelerindeki basvuru sebepleri analiz edildiginde
olgularmn %?70,6'sinin  evlilikteki sorumluluklarin
yerine getiremedigi, %29,4"1i icin ise boyle bir iddianin
bulunmadigr tespit edilmistir. Psikiyatrik hastalik
belirtisi iddiast %?73,5 oraninda mevcutken, %26,5
oraninda bdyle bir iddia bulunmamaktadir. Siddet
iddias1 %55,9 oraninda mevcuttur, %44,1 oraninda ise
siddet iddias1 bulunmamaktadir. Calisamama iddiasi
%23,5 oraninda mevcutken, %76,5 oraninda bdoyle
bir iddia bulunmamaktadir. Maddi zarara ugratma/
sorumluluklarini yerine getirmeme iddiast %14,7
oraninda mevcut olup, %853 oraninda bdyle bir
iddia bulunmamaktadir. Akil hastaliginin evlendigi
donemde kendisinden gizlendigi iddias1 ise %44,1
oraninda mevcutken, %55,9 oraninda boyle bir iddia
bulunmamaktadir. Tiim olgularin ilgili mahkemesi
Aile Mahkemesi olarak belirlenmistir (%100,0).
Kurumumuzdan ¢ikan kararlar incelendiginde, %61,8
oraninda evliligin cekilmez hale geldigi yoniinde,
%38,2 oraninda ise evliligi cekilmez hale getirecek bir
akil hastalig1 saptanmadig1 yoniinde bir karar oldugu
belirlenmistir. Evlendigi sirada akil hastaligi veya
akil zayifligi olup olmadig incelendiginde, %41,2
oraninda butlan karar1 verildigi, %41,2 oraninda
butlan ile ilgili soru ve karar olmadig1, %17,6 oraninda
ise butlan soruldugu ancak butlan gerektiren bir akil
hastalig1 olmadigina karar verildigi goriilmiistiir.
Ayrmtilar Tablo 2’de gosterilmistir.

Bosanma davalarinda adli psikiyatrik degerlendirme
istenen olgularin klinik oOzellikleri incelendiginde;
Kurumumuzda konulan psikiyatrik tani agisindan
olgularin%32,4"tindesizofrenispektrumbozukluklari,
%17,6'sinda bipolar bozukluk, %11,8inde hafif
diizeyde zihinsel yetersizlik, %2,9'unda hezeyanh
bozukluk, %2,9undasizoaffektifbozukluk, %2,9 unda
orta diizeyde zihinsel yetersizlik ve %2,9"unda alkol
kullanim bozuklugu tanisi1 mevcuttur. %26,5'inde ise
herhangi bir psikiyatrik bozukluk tespit edilmemistir.
Alkol kullanim bozuklugu %11,8 oranunda, madde
kullanim bozuklugu ise %5,9 oraninda bulunmustur.
Dava dosyasindaki gegmis psikiyatri poliklinigi

Tablo 1. Bosanma davalarinda adli psikiyatrik degerlendirme
istenen olgularin sosyodemografik 6zellikleri

n ‘ n%
Yas (Ort. £ SS) 42,29 +7,47
L Erkek 22 64,7%
Cinsiyet
Kadin 12 353%
Evlilik Stresi (Ort. + SS) 10,35+ 6,80
Okuryazar Degil 3 8,8%
ilkokul Mezunu 17 50,0%
Egitim Durumu Ortaokul Mezunu 7 20,6%
Lise Mezunu 5 14,7%
Universite Mezunu 2 5.9%
Duzenli Calisiyor 3 8,8%
Calisma Durumu Duizensiz Calisiyor 5 14,7%
Calismiyor 22 64,7%
Emekli 4 11,8%
Cocuk yok 16 47 1%
1 Cocuk 10 29.4%
Gocuk Sayts 2 Cocuk 4 11,8%
2 Cocuktan Fazla 4 11,8%

Tablo 2. Bosanma davalarinda adli psikiyatrik
degerlendirme istenen olgularin hukuki ézellikleri

n n%
Esi 25 73,5%
Kendi 5 14,7%
B Sahibi ;
asvurt sanit Ailesi 3 8,8%
Mahkeme 1 2,9%
Evlilikteki
Evlilik Sorumlulugunu Sorumluluklari Yerine 24 70,6%
Yerine Getirme Durumu Getiremiyor
Boyle bir iddia yok 10 29,4%
. Var 25 73,5%
Psikiyatrik Belirti Iddi :
sikiyatrik Belirti Iddiasi Yok 9 26,5%
. Var 19 55,9%
iddet Iddi :
siddet lddiasi Yok 15 | 441%
. Calisamiyor 8 23,5%
| Idd -
Galisamama lddiasi Iddia yok 26 76,5%
Maddi Zarara Ugratma Var 5 14,7%
Iddiasi Yok 29 85,3%
Hastallgl Gizleme Var 15 441%
Iddiasi Yok 19 55,9%
Sulh Hukuk
. . 0 0,0%
llgili Mahkeme Mahkemesi
Aile Mahkemesi 34 100,0%
Evliligi Cekilmez Hale o
Karar Getirir 2 61.8%
Hayir 13 38,2%
Butlan Karari Verilmis 14 41,2%
Butlan ile ilgili Soru .
ve Karar Yok 14 41.2%
Butlan Durumu Butlan Sorulmus ve
Butlan Gerektirir Bir o
Durum Olmadigina 6 17.6%
Karar Verilmis
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Tablo 3. Bosanma davalarinda adli psikiyatrik degerlendirme istenen olgularin klinik 6zellikleri

n %n

Sizofreni Spektrum Bozukluklari 11 32,4%

Hezeyanli Bozukluk 1 2,9%

Bipolar Bozukluk 6 17,6%

L - Hafif Dlzeyde Zihinsel Yetersizlik 4 11,8%

Psikiyatrik Tani Sizoaffektif Bozukluk 1 2.9%
Psikiyatrik Bozukluk Yok 9 26,5%

Orta Duzeyde Zihinsel Yetersizlik 1 2.9%

Alkol Kullanim Bozuklugu 1 2,9%

. Var 4 11,8%

Alkol Kullanim Bozuklugu Yok 30 88.2%

N Var 2 5,9%

Madde Kullanim Bozuklugu Yok 3 94.1%
Sizofreni 8 23,5%

Hezeyanli Bozukluk 13 38,2%

Bipolar Bozukluk 4 11,8%

Psikiyatri Poliklinik Basvurusu Hafif Duzeyde Zihinsel Yetersizlik 5 14,7%

ve Tanisi Sizoaffektif Bozukluk 1 2,9%

Alkol-Madde Kullanim Bozukluklar 1 2.9%

Tani yok 1 2,9%

Diger Psikiyatrik Tanilar 1 2,9%

Yatis Sayisi (Ort. = SS) 1,65 +2,00
Hastalik Stiresi (Ort. + SS) 13,03 +9,48

Tani Yok 14 41,2%

Sizofreni 8 23,5%

Atipik Psikoz 4 11,8%

Yatis Tanisi Hezeyanli Bozukluk 4 11,8%

Bipolar Bozukluk 3 8.8%

Sizoaffektif Bozukluk 1 2.9%

Diger Psikiyatrik Tanilar 0 0,0%

Aldatiima Hezeyani \\(/gli 33.1 981'82/;/0
Paranoid Hezeyan Var > 14.7%
Yok 29 85,3%

Persekiisyon Hezeyani Var 7 20,6%
Yok 27 79,4%

Grandiy6z Hezeyan Var 0 0.0%
Yok 34 100,0%

Referans Hezeyani Var 2 2.9%
Yok 32 94,1%

Var 0 0,0%
Hak Arama Paranoyasi Yok 34 100,0%
Halusinasyon Var > 14,7%
Yok 29 85,3%

Cagrisimlarda Dagilma \\(/ng 322 9549.1/;’
islevsellik Kaybi ve Var 18 52,9%
No&rokognitif Yikim Yok 16 471%
Dustince iceriginde Var 12 35,3%
Fakirlesme Yok 22 64,7%

tan1 dagilimi incelendiginde, %38,2’sinin hezeyanl
bozukluk, %23,5inin sizofreni, %14,7’sinin hafif
diizeyde zihinsel yetersizlik, %11,8’inin bipolar
bozukluk, %2,9'unun sizoaffektif bozukluk ve
%2,9unun alkol-madde kullanim bozukluklar:
tanis1 aldig1 belirlenmigtir. Tan1 olmayan olgular
%2,9 oranindadir. Yatis sayist ortalama 1,65 =+
2,00 olup, hastalik siiresi ortalama 13,03 + 9,48 yil
olarak saptanmistir. Yatis tanilari incelendiginde,
%23,5'inde sizofreni, %11,8'inde atipik psikoz,
%11,8’inde hezeyanli bozukluk, %8,8inde bipolar
bozukluk ve %2,9unda sizoaffektif bozukluk tanisi

konmustur. Diger psikiyatrik tanilar yatis tanisi olarak
belirtilmemistir. Klinik belirtiler acisindan, %8,8'inde
aldatilma hezeyani, %14,7’sinde paranoid hezeyan,
%20,6'sinda persekiisyon hezeyani ve %5,9'unda
referans hezeyani tespit edilmistir. Grandiyoz
hezeyan ve hak arama paranoyas: hicbir olguda
%14,7

cagrisimlarda dagilma %5,9 oraninda, islevsellik

bulunmamistir. Haliisinasyon oraninda,
kaybi ve nérokognitif yikim %52,9 oraninda, diisiince
igeriginde fakirlesme ise %35,3 oraninda mevcut

bulunmustur. Ayrintilar Tablo 3’te gosterilmistir.
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Tablo 4. “Evliligi Cekilmez Kilma” Kararina Gére Sosyodemografik, Hukuki ve Klinik Ozelliklerinin Karsilastirimasi

Evliligi Cekilmez Kilma Karan
Evliligi Cekilmez Hale Getirir Hayir
n ‘ n% n n% p(X2-t)
Yas (Ort. + SS) 43,86 7,11 39,77 £7,63 0.123
o Erkek 16 76.2% 6 46,2%
Cinsiyet 0.079
Kadin 5 23,8% 7 53,8%
Evlilik Suresi 11,00 + 6,46 9,31+745 0.489
Esi 18 85,7% 7 53,8%
. Kendi 1 4,8% 4 30,8%
Basvuru Sahibi — 0.092
Ailesi 2 9,5% 1 77%
Mahkeme 0 0,0% 1 77%
Evlilik ) Evlilikteki Sorpmlqluklarl Yerine 17 81,0% 7 53.8%
Sorumlulugunu Getiremiyor
. ; 0.097
Yerine Getirme . L . o
Durumu Boyle bir iddia yok 4 19,0% 6 46,2%
Butlan Karari Verilmis 13 61,9% 1 77%
Butlan Durumu ; B]ut]a: |Ie[l|g|l| Sor; vtle Ka(r;ar Y:k 8 38,1% 6 46,2% <0.001
utlan Sorulmus ve Butlan Gerektirir o o
Bir Durum Olmadigina Karar Verilmis 0 0.0% 6 46.2%
Sizofreni Spektrum Bozukluklari 11 52,4% 0 0,0%
Hezeyanli Bozukluk 1 4,8% 0 0,0%
Bipolar Bozukluk 2 9,5% 4 30,8%
o Hafif Diizeyde Zihinsel Yetersizlik 4 19,0% 0 0,0%
Psikiyatrik Tani - - <0.001
Sizoaffektif Bozukluk 1 4,8% 0 0,0%
Psikiyatrik Bozukluk Yok 0 0,0% 9 69,2%
Orta Duizeyde Zihinsel Yetersizlik 1 4,8% 0 0,0%
Alkol Kullanim Bozuklugu 1 4,8% 0 0,0%
Sizofreni Spektrum Bozukluklari 8 38,1% 0 0,0%
Hezeyanli Bozukluk 5 23,8% 8 61,5%
Bipolar Bozukluk 0 0,0% 4 30,8%
Psikiyatri Poliklinik Hafif Diizeyde Zihinsel Yetersizlik 5 23,8% 0 0,0% 0,004
Bagvurusu ve Tanisi Sizoaffektif Bozukluk 1 4,8% 0 0,0% ’
Alkol-Madde Kullanim Bozukluklar 1 4,8% 0 0,0%
Tani yok 0 0,0% 1 7.7%
Diger Psikiyatrik Tanilar 1 4,8% 0 0,0%
Yatis Sayisi (Ortanca - min - max) 2-7-0 1-7-0 0.444
Hastalik Saresi (Ort. + SS) 17,10 + 8,26 6,46 + 7,58 <0.001
yatis yok 8 38,1% 6 46,2%
Sizofreni 8 38,1% 0 0,0%
Atipik Psikoz 2 9,5% 2 15,4%
Yatis Tanisi 0.1
Hezeyanli Bozukluk 1 4,8% 3 23.1%
Bipolar Bozukluk 1 4.8% 2 15,4%
Sizoaffektif Bozukluk 1 4,8% 0 0,0%
. Var 5 23,8% 0 0,0%
Paranoid Hezeyan 0.057
Yok 16 76,2% 13 100,0%
Persekiisyon Var 7 33,3% 0 0,0% 0.019
Hezeyani Yok 14 66,7% 13 100,0% '
. Var 5 23,8% 0 0,0%
Haltsinasyon 0.057
Yok 16 76,2% 13 100,0%
islevsellik Kaybi ve Var 18 85,7% 0 0,0% 0,001
Norokognitif Yikim Yok 3 14,3% 13 100,0% ’
Dustince iceriginde Var 12 57,1% 0 0,0% <0.001
Fakirlesme Yok 9 42,9% 13 100,0% ‘
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Bosanma davalarinda adli psikiyatrik degerlendirme
istenen olgularin “evliligi cekilmez kilma” durumuna
gore sosyodemografik, hukuki ve klinik 6zelliklerinin
karsilastirildiginda; yas ortalamas: “evliligi ¢ekilmez
hale getirir” kararinda olan olgular igin 43,86 + 7,11
yil, “hayir” kararinda olanlar igin ise 39,77 + 7,63
yil olarak belirlenmistir (p = 0.123, anlamli degil).
Cinsiyet agisindan, “evliligi cekilmez hale getirir”
grubunda %76,2’si erkek, %23,8’i kadin; “hayir”
grubunda ise %46,2’si erkek, %53,8'i kadindir (p =
0.079, anlamli degil). Evlilik siiresi “evliligi ¢ekilmez
hale getirir” kararinda olanlar igin 11,00 + 6,46 yil,
“hayir” kararinda olanlar igin 9,31 + 7,45 yil olarak
bulunmustur (p = 0.489, anlamli degil). Basvuru
sahibi “evliligi cekilmez hale getirir” grubunda
%85,7 ile es, “hayir” grubunda ise %53,8 ile es olarak
belirlenmistir (p = 0.092, anlamh degil). “Evliligi
cekilmez hale getirir” grubunda olgularin %81,0"1
evlilikteki sorumluluklarini yerine getiremedigi,
“hayir” grubunda ise %53,8'i sorumluluklarin
yerine getiremedigi saptanmustir (p = 0.097, anlaml
degil). Butlan durumu agisindan “evliligi ¢ekilmez
hale getirir” grubunda %61,9 oraninda butlan karar1
verilmisken, “hayir” grubunda bu oran %7,7'dir.
Bu fark istatistiksel olarak anlamldir (p < 0.001).
Psikiyatrik tani incelendiginde, “evlili§i cekilmez
hale getirir” grubunda %52,4 oraninda sizofreni
spektrum  bozukluklar1  bulunurken, “hayir”
grubunda bu oran %0’dir. Bu fark da istatistiksel
olarak anlamlidir (p < 0.001). Psikiyatri poliklinigine
basvuru ve tani durumuna gore, “evliligi ¢ekilmez
hale getirir” grubunda %38,1 oraninda sizofreni
tanis1 bulunurken, “hayir” grubunda bu oran %0’dur.
Bu fark da istatistiksel olarak anlamlidir (p = 0.004).
Ayrica, hastalik stiresi agisindan “evliligi cekilmez
hale getirir” grubunda 17,10 + 8,26 yil, “hayur”
grubundaise 6,46 +7,58 y1l olarak tespit edilmistir; bu
fark da anlamhdir (p < 0.001). “Evliligi ¢ekilmez hale
getirir” grubunda paranoid hezeyan %23,8 oraninda
bulunurken, “hayir” grubunda bu oran %0’dir (p =
0.057, anlamli degil). Persekiisyon hezeyamn “evliligi
¢ekilmez hale getirir” grubunda %33,3 oraninda,
“hayir” grubunda ise %0 oraninda bulunmustur ve
bu fark anlamlidir (p = 0.019). Haliisinasyon “evliligi
gekilmez hale getirir” grubunda %23,8 oraninda
bulunurken, “hayir” grubunda %0’dir (p = 0.057,
anlamli degil). Islevsellik kaybi ve ndrokognitif
yikim “evliligi cekilmez hale getirir” grubunda

%85,7 oraninda mevcutken, “hayir” grubunda
%0’dir; bu fark anlamhdir (p < 0.001). Diisiince
iceriginde fakirlesme de “evliligi ¢ekilmez hale
getirir” grubunda %57,1 oraninda, “hayir” grubunda
ise %0 oraninda bulunmustur; bu fark da anlamlidir
(p <0.001).

TARTISMA

Bu calismada, akil hastaligi veya akil zayiflig:
nedeniyle bosanma davalarinda adli psikiyatrik
degerlendirme istenen olgularin sosyodemografik,
hukuki ve klinik 6zellikleri incelenmistir. Elde edilen
bulgular, 6zellikle sizofreni spektrum bozukluklar:
ve diger ciddi psikiyatrik bozukluklarm, evliligin
sirdiiriilebilirligi tizerindeki olumsuz etkilerini
ortaya koymaktadir. Calismamizda vakalarin
%61,8ine TMK 165. Madde kapsaminda evliligi
cekilmez hale getirecek bir akil hastaligi oldugu
karari, %41,2’sine TMK 145. Madde kapsaminda
evlendigi sirada akil hastaligi veya akil zayiflig:
nedeniyle butlanin uygun oldugu karar1 verildigi
goriilmiistiir. Adli Tip Kurumu 4. Thtisas Kurulunda
yapilan bir calismada vakalarin %10,38’inde evliligi
¢ekilmez hale getirir karar1 verildigi goriilmektedir.
Bu calismada sadece bipolar bozukluk tanisi olan
hastalarin olmasi, bipolar bozukluk hastaliginin
dogas1 geregi hastalik donemleri disinda kisilerin
yasantisinda belirgin bir bozukluk
gecirebildigi icin calismamuz ile farkli sonuglar elde
edilmistir (9).

olmadan

Calismamizda evliligi cekilmez hale getirdigi
karar1 verilen vakalarin tanilari incelendiginde en
sik sizofreni spektrumu bozukluklarmin oldugu
(%52,4), ikinci siklikta ise zihinsel yetersizliklerin
(%23,8) oldugu goriilmektedir. Sizofreni hastalarinda
evlilikle ilgili bir ¢calismada hastaligin baslangig yasi,
depresyon diizeyi, cocugun olup olmamasi, rezidiiel
belirtiler, calisma durumu, isitsel haliisinasyonlarin
olup olmamasi gibi gesitli faktorlerin evliligin devam
edip etmemesi konusunda etkili oldugu belirtilmistir
(12). Calismamizdaki vakalarin ¢ogunun ¢alismryor/
calisamiyor olmasi, yasam islevselliginde kayip/
norobiligsel yikim olmas: evliligin siirdiiriilmesi
konusunda bu calismayla benzer bir bulgu oldugu
sOylenebilir. Zihinsel yetersizligi olan kisiler de
evlilikte sorumluluklarini yerine getirmek, sosyal

Turkish Journal of Forensic Medicine « Volume 38, No: 3




Tasdemir & Boylu

becerilerdeki yetersizlikler, 6zbakim becerilerindeki
sorunlar gibi cesitli zorluklar yasayabilmektedir.
Yapilan  bir destegi,
psikiyatrik/psikolojik destek ve sosyal destek ile bu
kisilerin evliliklerini stiirdiirebilecegi belirtilmistir
(5,13). Calismamiz orneklemi ise bu calismalardan
farkli olarak genellikle esleri tarafindan dava
dilekgesiyle evliligi kars: taraf igin cekilmez hale
getiren bir akil hastalig1 ya da akil zayifligi olup
olmadig1 degerlendirmesinden olusmaktadir ve
kisinin birey olarak evlilikteki mental durumu
degerlendirilmektedir.

calismada yeterli aile

Dava dilekgelerindeki sebepler incelendiginde en sik
hezeyan ve haliisinasyonlar gibi psikiyatrik hastalik
belirtisi iddias1 akil hastaligi/zayiflig1 nedeniyle
evlilikteki  sorumluluklarini getirmedigi
iddias1  ve akil nedeniyle
siddet uygulama oldugu goriilmektedir. Dava
dilekcelerinde kendi kendine konusma, giilme, tuhaf
hareketler sergileme, sikga evden kag¢malar, kotiiliik
gorecegi hezeyanlari oldugunu diistindiiren ifadeler,
kiskanglik hezeyanlar1 nedeniyle siirekli esi su¢glama
oldugunu diisiindiiren ifadeler, siddet uygulama

yerine
hastalig1/ zayiflig:

iddiasi, 6zbakiminda sorunlar olmasi ve evlilikteki
sorumluluklarini getiremedigi  iddiasi,
cinsellik yasanmamasi, hesaplama yapamamasi
nedeniyle maddi konularda problem yasanmasi,
soguk davranislarda bulunma, iletisim kurmama gibi
sorunlar oldugu iddia edilerek siireclerin basladigi
anlasilmigtir. Ciddi bir akil hastalig1 olan kisilerin
esleri evlilikte dnemli sorunlar yagayabilmektedir.
Yapilan bir ¢alismada $Sizofreni hastalarinin eslerinin
cinsel, sosyal ve duygusal uyumlarmin sizofreni
tanis1 olmayan gruba gore anlamli derecede diisiik
oldugu bulunmustur (14). Bu c¢alismada sizofreni
hastalarinin  eslerinin yasam kalitesinde fiziksel,
psikolojik, sosyal ve cevresel alanlarda anlamli bir
distikliik bulunmustur (14).

yerine

Bu calismada, bosanma davalarinda adli psikiyatrik
degerlendirme istenen olgularin “evliligi ¢ekilmez
sosyodemografik, hukuki
ve klinik oOzelliklerinin karsilastirilmas1 oldukca
Onemli bir aragtirma sorusunu ele almaktadir.
Elde edilen bulgular, psikiyatrik tanilar, &zellikle
de sizofreni spektrum bozukluklar: ile evliligin
cekilmez hale gelmesi arasinda giiclii bir iliski
oldugunu  ortaya  koymaktadir.  Calismada,

kilma” durumu ile

“evliligi c¢ekilmez hale getirir” kararinin verildigi
olgularin biiyiik bir kisminda sizofreni spektrum
bozukluklarina rastlanmasi dikkat c¢ekicidir. Bu
bulgu, literatiirdeki pek ¢ok c¢alismayla uyumlu
olup, evlilik iligkileri {izerindeki
olumsuz etkilerini desteklemektedir (15). Sizofreni

sizofreninin

ile iligkili semptomlar (haliisinasyonlar, hezeyanlar,
diisiince bozukluklarl)) ve negatif semptomlar
(sosyal cekilme, kisith affekt), bireylerin sosyal
iligkilerini kurma ve stirdiirme becerilerini 6nemli
Olglide etkileyebilir. Bu durum, evlilik gibi yakin
iligkilerin siirdiiriilebilirligini zorlastiran 6nemli bir
faktor olarak karsimiza ¢ikmaktadir. Calismada elde
edilen diger bir 6nemli bulgu, paranoid hezeyanlar,
persekiisyon hezeyanlar1 ve haliisinasyonlar gibi
pozitif psikotik belirtilerin “evliligi cekilmez hale
getirir” kararinda 6nemli bir rol oynadigidir. Bu
belirtiler, bireylerin eslerine karsi giivensizlik,
diismanlik ve kiskanglik gibi duygular gelistirmesine
neden olabilir. Bu belirtiler tedavi edil(e)mediginde,
evlilik iliskisinde ciddi giiven sorunlarina yol agarak,
evliligin siirdiiriilebilirligini tehdit edebilir. Son
olarak; calismada, “evliligi cekilmez hale getirir”
kararmin verildigi olgularda islevsellik kayb:
ve norokognitif yikimin yiiksek oranda oldugu
goriilmektedir. Sizofreni gibi kronik psikiyatrik
rahatsizliklar, bireylerin giinliik yasam aktivitelerini
siirdiirme, is bulma ve sosyal iliskilerini yonetme
becerilerini olumsuz etkileyebilir. Bu durum,
evlilik iligkisi icindeki rollerin yerine getirilmesini
zorlastirarak, evliligin sona ermesine neden olabilir.

Calismamizda hukuki ve psikiyatrik yonlerinin
detayli olarak degerlendirilmis olmasi ¢alismamizin
gliclii yonleri olarak belirtilebilir. Calismamiz
evlilikte ciddi sorunlar yasayan ve bosanmak igin
dilekge veren kisilerden olustugu i¢in ¢calismamizin
bulgularini tiim akil hastali§1 veya akil zayiflig:
olan evlilik siirecleri problemler olarak genellemek
dogru olmayacaktir. Calismamizin dosya taramasi
ile yapilan ve retrospektif dogasi nedeniyle bazi
psikiyatrik belirtiler ve bulgularda eksiklikler
olmus olabilir. Calismamizda kisilik bozukluklar
agisindan  degerlendirmelerin  yeterli diizeyde
olmamasit calismamizin  kisithiliklar1  arasinda
sayilabilir. Calismamizda olgeklerin kullanilmamis
olmas1 nedeniyle psikiyatrik belirtilerin siddetinin
kisithiliklar

degerlendirilmesi konusunda
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mevcuttur. Calismamizda evlilik iligkisini stirdiirme
konusunda Onemli etkisi olabilecegi diisiiniilen
biligsel belirtiler ve negatif belirtilerin yeterince
degerlendirilememis olmasi ¢calismanin kisithliklar
arasinda sayilabilir.

SONUC

Bu calisma, akil hastaligi ve akil zayifliginin
evlilik kurumunu nasil etkileyebildigini hukuki
ve psikiyatrik boyutlariyla ele almistir. Elde edilen
bulgular, 6zellikle sizofreni spektrum bozukluklar
gibi ciddi akil hastaliklarinin evlilikte ciddi sorunlar
yaratabilecegi ve karsi taraf icin evliligi ¢ekilmez
hale stireglerini
hizlandirabilecegini  gostermektedir. Ciddi bir
akil hastaligi veya akil zayifligi olan bireylerin
evliliklerinde sorumluluklarimi yerine getirmekte
zorlanabildikleri, psikiyatrik belirtiler nedeniyle

getirebilecegini ve bosanma

sorunlar yasayabildikleri, siddet uygulayabildikleri
ve bu durumun bosanma kararlarmma zemin
hazirladig: tespit edilmistir.

Tiurk Medeni
kapsaminda, bu tiir vakalarda evliliklerin sona

Kanununun ilgili ~maddeleri
erdirilmesi siirecinde hem hukuki hem de psikiyatrik
degerlendirmeler Evlilik
kurumunun korunmasi adina, akil sagligi sorunlari
yasayan bireylerin haklarinin dikkatle gozetilmesi

ve bu siireglerin adil ve her iki tarafi diisiinen bir

onemli  olmaktadir.

sekilde yiiriitiilmesi gerekmektedir.

Bu calismanin bulgular;, akil saghg: ile evlilik
iliskileri arasindaki karmasik dinamikleri anlamaya
yonelik 6nemli katkilar saglamaktadir. Gelecekte
yapilacak arastirmalarda, daha genis 6rneklemlerle
ve uzun donemli izlem calismalariyla bu alandaki
bilgi birikiminin artirilmas: énemlidir.

Etik Kurul Onay: Calismada Helsinki Deklerasyonu'na uyulmus olup, Adli Tip
Kurumu Bagkanligi, Egitim ve Bilimsel Arastirma Komisyonu'ndan 30/04/2024
tarih ve 21589509/2024/138 sayili karar ile izin alinmigtir.

Finans: Bu ¢calisma icin hi¢ bir kurum veya kurulustan finansal destek alinmamgtir.

Cikar catismast: Yazarlar cikar catismast olmadigini beyan eder.
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ABSTRACT

Objective: Child sexual abuse remains a serious situation in every region of the world. In this study, it was aimed to examine the
data of cases with suspected sexual abuse reported from the child and adolescent psychiatry department to the judicial authorities.

Methods: 74 children and adolescents who applied to child psychiatry outpatient clinics between September 2013 and September
2023, who were suspected of sexual abuse based on the history taken from themselves and their parents, and who were reported to
the judicial authorities, were included in the study.

Results: 51 of the cases were girls, and 23 were boys. The age of both sexual abuse and reporting was younger in boys than in girls.
Sexual abuse reports were at its lowest level in 2020. Sexual touching was the most frequently reported method, with 42 cases. The
most common abuser was male cousin (20.3%). 22.9% of the cases were followed-up in the outpatient clinic before reporting the
abuse. 81% of the patients received at least one psychiatric diagnosis after the psychiatric examination. Psychiatric diagnoses as
a consequence of child sexual abuse were identified in 27 cases, and the most common diagnosis was major depressive disorder
with 33.3%.

Conclusions: Reporting child sexual abuse is not only a legal responsibility, but also important to protect the child victim of abuse
and prevent the development of psychiatric disorders.

Keywords: Child sexual abuse, sexual abuse report, mental illness

OZET

Amag: Cocuk cinsel istismar1 diinyanin her bolgesinde ciddi bir durum olmaya devam etmektedir. Bu ¢alismada ¢ocuk ve ergen
psikiyatrisi polikliniginden adli makamlara bildirilen cinsel istismar siiphesi olan olgularin verilerinin incelenmesi amaclandi.

Yontem: Eyliil 2013-Eyliil 2023 tarihleri arasinda gocuk psikiyatrisi poliklinigine bagvuran, kendilerinden ve ebeveynlerinden
alinan anamneze gore cinsel istismar siiphesi bulunan ve adli makamlara bildirimi yapilan 74 ¢ocuk ve ergen calismaya dahil
edildi.

Bulgular: Olgularin 51'i kiz, 23’11 erkekti. Erkeklerde hem cinsel istismar yasi hem de bildirim yas1 kizlara gore daha kiigiiktii.
Cinsel istismar bildirimleri 2020 yilinda en diisiik seviyedeydi. En sik bildirilen yontem ise 42 vakayla cinsel dokunmaydi. En
sik istismarci erkek kuzendi (%20.3). Vakalarin %22.9'u istismar bildiriminden 6nce poliklinikte takip edilmekteydi. Psikiyatrik
muayene sonrasinda hastalarin %81’i en az bir psikiyatrik tani aldi. 27 vakada ¢ocugun cinsel istismari sonucu psikiyatrik tan
saptandi, en sik tani %33.3 ile major depresif bozukluktu.

Sonuglar: Cocugun cinsel istismarmi bildirmek sadece yasal bir sorumluluk olmayip, ayn1 zamanda istismar magduru ¢ocugu
korumak ve psikiyatrik bozukluklarin gelismesini 6nlemek acisindan da 6nemlidir.

Anahtar Kelimeler: Cocugun cinsel istismari, cinsel istismar bildirimi, ruhsal hastalik
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INTRODUCTION

Child sexual abuse includes many acts of sexual
exploitation of children, including sexual assault,
incestuous rape, and commercial sexual exploitation
of children (1). In the United States, about 1 in 4 girls
and 1 in 13 boys experience child sexual abuse (2).
The lifetime prevalence of child sexual abuse was
reported as 7.6% in males and 18% in females (3).
Many risk factors belonging to the child, family, and
the abuser can be identified in child sexual abuse.
Previous exposure to sexual abuse, being abused at
home, and having a family member sexually abused
were found to be strong risk factors. It was stated that
having a stepfather, partner violence in the family,
the child having a chronic physical or mental illness
and being female are also risk factors (4).

The consequences of sexual abuse is more than a
physical injury, including the increased likelihood
of mental and chronic physical illness/disorders (5).
In addition to anxiety, depression, impaired self-
perception, cognitive problems such as attention
deficit and dissociation, sexual problems, physical
problems like urinary tract infections and sexually
transmitted diseases, and interpersonal difficulties
are the important consequences of sexual abuse (6).
There are strong findings for psychiatric disorders,
particularly mood disorders, post-traumatic stress
disorder (PTSD), anxiety disorders, and substance
use disorders, and mixed evidence for personality
disorders (7). Also, the development of mental illness
was associated with characteristics of the abuse (8).

Child sexual abuse can be prevented and its effects
can be reduced by primary, secondary and tertiary
protection. Child and adolescent psychiatrists have
important duties in both preventing and recognizing
sexual abuse and making the necessary notifications
after the abuse occurs. There are serious sanctions in
the Turkish Penal Code (TPC) if sexual abuse is not
reported. Articles 279 and 280 of the TPC concern
public officials and healthcare professionals who do
not report crimes (9). According to Article 279, any
person who fails to report a crime who learns about
in connection with his duty or who delays reporting
it to the competent authorities is punished with
imprisonment from 6 months to two years. Healthcare
professional who do not report the situation to the

competent authorities despite encountering any
indication of a crime being committed during their
duties, or who delay in reporting the situation
to the competent authorities, are punished with
imprisonment for up to one year in accordance with
Article 280 (9).

Following the evaluations and referrals of judicial
authorities, the sociodemographic and clinical
characteristics of children who were victims of
sexual abuse have been evaluated in many studies
before (10-13). Unlike other studies in Turkey, in this
retrospective study, it was aimed to evaluate cases in
which sexual abuse was suspected after examination
at the child psychiatry outpatient clinic, and reported
to the judicial authorities. In this study, which
includes data from ten years, we aimed to examine
the change in the number of sexual abuse reports
over the years, the time between the experience
of abuse and reporting, clinical data such as age,
gender, psychiatric diagnoses before and after abuse,
abuse methods and characteristics of abuse suspects.
Thus, it is expected to contribute to the literature
with the characteristics of sexual abuse cases that
were told for the first time by children or revealed
by clinicians” questioning during the examination,
unlike sexual abuse cases with ongoing legal process.

METHODS

Participants and procedure

74 cases of both genders between the ages of 2-18
who applied to child and adolescent psychiatry
outpatient clinics of a university hospital between
September 2013 and September 2023, had suspicion
of sexual abuse in the history taken from the child and
adolescent and their caregivers, and were reported to
the judicial authorities, were included in the study.
The study center is one of two child psychiatry
centers in a city with a population of over one million
in the Central Anatolia Region of Turkey. Cases of
sexual abuse were selected from the notification file
submitted to the Chief Public Prosecutor’s Office
and the records of the cases were reviewed from the
hospital management system. The ICD-10 codes of
the cases, which were examined in detail by a child
and adolescent psychiatry resident and a specialist
according to Diagnostic and Statistical Manual of
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Mental Disorders (DSM)-5 diagnostic criteria, were
obtained from the hospital system. Of the 79 reported
cases in total, five were excluded due to insufficient
data. Age, gender, age of abuse, report year, abuser,
abuse method, DSM-5 diagnoses before and after the
sexual abuse, treatments, and suicide attempts were
recorded. 51 of the cases were girls (68.9%) and 23
(31.1%) were boys. Ethics approval of this study was
taken from the Erciyes University ethics committee
(2023/737), requirement for consent was waived by
the ethics committee and the procedures conformed
Declaration of Helsinki.

Statistical analysis

The IBM Statistical Program for Social Sciences
was used to analyze the data. Summary statistics of
the data were given as mean, standard deviation,
percentage (%) and number (N). For distribution
the Shapiro-Wilk test and Q-Q plot normality were
used. Mann-Whitney U test was used to compare the
ranks of two independent groups without normal
distribution. The statistical significance level for all
analyzes was p<0.05.

RESULTS

The mean age of abuse was 10.57+4.63, while the
mean age at report was 11.95+4.42 when all children
analyzed together. The age of both reporting and
sexual abuse was younger in boys than in girls (Table
1). While sexual abuse reports have increased over
the years, they seem to have decreased in 2019. In
2020, when there was the COVID-19 pandemic, it was
at its lowest level. It started to increase again after
this year (Figure 1). Sexual touching was the most
frequently reported method of sexual abuse with 42
cases (Figure 2). The most common abuser was male
cousin with 20.3%, 4 of the victims were boys and 11
were girls. The incest rate was 12.1% (Figure 3).

A 2-year-old girl and a 5-year-old boy were consulted
from the dermatology clinic due to perianal warts.
A 3-year-old girl was consulted due to genital wart
detected after vaginal bleeding. The method of sexual
abuse was unknown in these cases.

22.9% of the cases were followed up in the outpatient
clinic before reporting abuse. 60 (81%) of the victims
received at least one psychiatric diagnosis after the

Table 1. The comparison of reporting and sexual abuse age
between genders

Male N:23 Female N:51
Variable Median (25th-75th) | Median (25th-75th) p
Age 8(6-12) 15(13-16) 0.000
Abuse age 7 (6-9) 13.5(10-16) 0.000
Mann-Whitney U test
N: Number
16
14
12
_ 10
E s
=

2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023
Years

Figure 1. Change in the number of sexual abuse reports over the years
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Figure 2. Reported methods of child sexual abuse
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Figure 3. Distribution of sexual abuse suspects
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Table 2. The distribution of psychiatric diagnoses among all

cases

Diagnoses Number %

Attention-Deficit Hyperactivty Disorder 16 21.6
Major Depressive Disorder 14 18.9
Post-traumatic Stress Disorder 10 135
Adjustment Disorder 8 10.8
Conduct Disorder 8 10.8
Anxiety Disorders 6 8.1

Bipolar Affective Disorder 4 5.4
Obsessive-Compulsive Disorder 1 1.3

Post-traumatic
stress disorder;
6

Major

Adjustment
disorder; 8

Figure 4. Diagnoses as a consequence of child sexual abuse

examination. The most common diagnosis of patients
was attention-deficit hyperactivity disorder (ADHD)
(Table 2). Drug treatment was recommended for 57
of the patients, and the most commonly used drug
group was selective serotonin reuptake inhibitors
(49.1%). Psychiatric diagnoses after sexual abuse
were identified in 27 cases, and 23 of them were girls.
The most common diagnosis was major depressive
disorder with 33.3% (Figure 4). Suicide attempts due
to sexual abuse were detected in 11 cases.

DISCUSSION

In this study, sexual abuse reports from the last 10
years were evaluated. The age of both sexual abuse
and reporting was younger in boys than in girls.
Reporting of sexual abuse was lowest in the first
year of the COVID-19 pandemic. Sexual touching
was the most frequently reported method of sexual
abuse and the most common abuser was male
cousin. Diagnoses as a consequence of child sexual
abuse were identified in 27 cases and 23 of them
were girls.

Consistent with the literature, reports of abuse were
more frequent in girls than in boys. In our study, girls
reported sexual abuse approximately twice as much
as boys. There were also studies reporting a 2-3 times
difference (14,15). While boys were victims of abuse
at earlier ages, the abuse of girls increased during
adolescence. The development of secondary sexual
characters in girls may contribute to this situation. The
decrease in reports among boys during adolescence
may also be due to concerns about homosexuality. It
is not easy for children and adolescents to share the
sexual abuse they were exposed. Being threatened, the
abuser being a member of the family, the idea that their
families will not support them, and feelings of shame
may delay children’s disclosure of sexual abuse. As
a matter of fact, in our study, there was a difference
between the age of abuse and the age of reporting.

Reports of sexual abuse seem to be increasing over
the years in our study. In addition to the increase
in the number of patients applying to outpatient
clinics, the awareness of children and families due
to increasing public service announcements and
training given in schools may also be a reason for this.
The fewest reports were made in 2020. It is thought
to be because it was the first year of the pandemic.
The number of patients applying to child psychiatry
outpatient clinics decreased significantly during this
period in Turkey (16). During this period, schools
were closed and curfews were imposed to prevent
the transmission of the disease. At the same time,
individuals’ fear of disease transmission may also be
associated with a reduction in hospital admissions.
However, there are studies reporting an increase
in sexual abuse rates after the COVID-19 pandemic
(17,18).

Sexual touching was the most common method of
sexual abuse in our study. In a study from Turkey, it
was reported that 46.8% of the cases were exposed to
sexual abuse in the form of touching (12). Touching
the body was the most reported type of sexual abuse,
reported in 45.7% of cases, in another study from
Turkey (11). Because sexual touching is difficult
to understand and define for young children, it is
possible that some children may not be reported at
all. Penetration was reported in 17.5% of the cases in
our study, and it was found to be as high as 46% in
another study (10). This difference may have been
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caused by the fact that, that study was conducted on
cases that were victims of sexual abuse and evaluated
for the purpose of preparing a forensic report. It
is also possible that children who are victims of
penetrative sexual abuse may apply directly to law
enforcement before psychiatric examination.

There were many different suspected abusers in the
history in the current study. Sometimes they can be
a family member who can approach the child more
easily and gain a sense of trust, while sometimes they
can be a friend of the child or someone they don't
know. Someone the child or family members know
and trust commits 91% of child sexual abuse (2). The
most reported abusers were male cousins. Reasons
such as cousins knowing each other from an early
age, the abuser gaining the trust of the victim, being
together more due to holidays and special occasions
may cause this situation. The incest rate was 12.1%,
so abusers such as fathers, uncles, and grandfather
were also found in our study. If there are signs of
sexual abuse during the interview, it is useful to keep
incest, which is more difficult to reveal, in mind.
With the increase in the use of the Internet and social
media, people met through these platforms can also
become abusers.

Existing psychiatric disorders have been found to
be risky for sexual abuse (4). As a matter of fact,
almost quarter of the cases included in our study
had a psychiatric disorder before. Also, 81% of the
patients received at least one psychiatric diagnosis
after the examination. The most common diagnosis
was ADHD with 21.6%. Most studies have found a
significant relationship between sexual abuse and
ADHD, in which sexual abuse was found to be a
precursor to ADHD (19). In the study including 4910
adolescents, any sexual abuse experience was found
to be 28.7% for females and 13.3% for males. 48%
of male adolescents and 47% of female adolescents
with co-occurring ADHD and depression reported a
history of sexual abuse in this study (20). Longitudinal
studies are needed in order to determine whether
ADHD occurs as a result of sexual abuse, or whether
children and adolescents with ADHD are more likely
to be victims of abuse.

Mental disorders that occur after sexual abuse are
also important. Depression, anxiety, PTSD, and

adjustment disorder emerged as a cause and effect
relationship between the event. Childhood sexual
abuse has been associated with many psychiatric
disorders such as PTSD, depression, eating disorders,
behavioral disorders, panic disorder, borderline
personality disorder and alcohol use (21). Suicide
attempts occurred in approximately 15% of cases after
sexual abuse in our study. Sexual abuse was linked to
risky behavior and impulsivity, as well as an increase
in suicidality. It is thought to contribute both directly
and indirectly to suicidal behavior. The direct effect
of sexual abuse, resulting psychopathologies and
personality traits seem to be related to suicide (21). In
our study, gender difference was found in psychiatric
disorders detected after sexual abuse. In the literature,
there are studies reporting gender differences in
psychiatric disorders after sexual abuse (22,23). More
PTSD, depression and dissociation symptoms were
reported by caregivers after trauma in females (24).
This difference may be related to biological factors
such as genetic, the interaction between the endocrine
system and neuronal networks after trauma, as well
as the difference in coping mechanisms and social
support between the genders (25-28).

There is another important issue in this study.
Sometimes suspicion of sexual abuse arises during an
examination in another department. In this context,
interdepartmental cooperation is also important. The
first sign of sexual abuse may be a spontaneously
detected infection. Three patients were referred
from dermatology outpatient clinics due to Human
Papilloma Virus infection. It is noteworthy that
these children are quite young. The presence of this
sexually transmitted infection in a young child first
brings to mind sexual abuse. It should be kept in
mind that in such infections, the abuser may be a
family member.

Limitations
The retrospective nature of the study and the small
number of sample were the limitations of the study.

CONCLUSIONS

In this study, both sexual abuse age and age at
reporting were younger in boys than in girls. The
reduced number of reports in COVID-19 restrictions
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suggests that such important events that concern the
whole community can reduce the number of reports,
which can lead to reduced hospital admissions.
Although there were many suspected abusers, the
fact that most of them were male cousins supports
that the abusers were mostly people who had close
relationships with children. The fact that the majority
of the cases with psychiatric disorders after abuse
were female supports the difference between genders
in terms of the development of psychiatric pathology.
And finally, sexually transmitted infections may be
the first sign of sexual abuse in young children.

Child sexual abuse continues to be an important
phenomenon. In addition to the history of sexual
abuse obtained from children and adolescents and
their families, clinicians should be questioning for
possible sexual abuse in cases with some psychiatric
symptoms such as depressive symptoms, fear,
anxiety, aggression, intense preoccupation with
sexual issues, decreased school performance, sleep
problems and regressive behaviors such as sucking
thumb, bedwetting, using baby talk. Reports to the
judicial authorities are important for both the legal
responsibility of the clinician and the protection of
the child victim of abuse, preventing the repetition of
abuse and similar actions of the abuser against other
children. Although child psychiatrists haveimportant
responsibilities in this regard, in order to reduce
sexual abuse, it will be useful to educate children
starting in the family and continuing at school and
effectively implement preventive programs.
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the Erciyes University Clinical Research Ethics Committee (date and number
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The common effect of dysbarism-related diffuse arterial air
embolism and rare CO toxicity during SCUBA diving

SCUBA dalisi sirasinda disbarizme bagli yaygin arteriyel hava embolisi ve
nadir CO toksisitesinin ortak etkisi

Ziyaettin Erdem’, Ebru Yasat Aksay?, Toygiin Anil Ozesen?, Kenan Kaya*
0000-0003-4993-4528 0000-0002-4699-0412 0000-0001-9116-5844 0000-0002-4157-2262
ABSTRACT

Due to the pressure changes during a dive, various traumatic effects can range from mild paresis to death, affecting organs and
tissues containing air, especially the middle ear, lung, and sinuses. In this case, the autopsy of a male experienced diver, who was
found floating prone on the sea surface and was unresponsive when transported to the hospital, was conducted. After evaluating
all the findings, it was concluded that the cause of death was the combined effect of rare carbon monoxide (CO) toxicity and diffuse
arterial air embolism due to dysbarism.

Keywords: Diving fatalities, gas embolism autopsy, decompression sickness

OZET

Dalis sirasinda basing degisimine bagl olarak orta kulak, akciger ve siniisler basta olmak tizere hava iceren organ ve dokularda
hafif pareziden 6liime kadar degisen cesitli travmatik etkiler ortaya cikmaktadir. Olgumuzda, deniz ytizeyinde yiiziistii pozisyonda
bulunan ve hastaneye nakledildiginde yasam bulgusu olmayan deneyimli erkek dalgicin otopsisi tarafimizdan yapilmistir. Ttim
bulgular birlikte degerlendirildiginde; 6ltim nedeninin nadir goriilen karbonmonoksit toksisitesinin ortak etkisi ve disbarizme
bagh diffiiz arteriyel hava embolisi oldugu sonucuna varilmastir.
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INTRODUCTION

Self-Contained Underwater Breathing Apparatus
(SCUBA) diving is increasingly popular in Turkey.
This activity, performed under various physical
conditions, carries inherent risks that can result in
illness, disability, or death. As the number of SCUBA
divers increases, so do dive-related deaths (1). Loss of
consciousness underwater can lead to drowning, and
underwater scenarios that cause unconsciousness
carry a high mortality risk (2). Factors such as
hypoxia, fluid aspiration, vomiting and aspiration of
vomitus, hypothermia, dangerous marine creatures,
decompression sickness, arterial gas embolism
(AGE), nitrogen narcosis, CO toxicity, O, toxicity,
CO; retention, and pre-existing conditions like
diabetes, ischemic heart disease, and epilepsy can
alter consciousness during a dive (3).

Dysbarism, a general term for pressure changes,
can cause barotrauma, which refers to trauma from
the mechanical effects of these changes. Pressure
changes can lead to various traumatic effects, from
mild bleeding and paresis to death, particularly
affecting air-containing organs like the middle ear,
lung, and sinuses (4).

SCUBA diving involves using portable breathing
equipment that allows air/gas breathing at pressure
appropriate to the ambient pressure at the current
depth, enabling longer underwater stays. High-
pressure gas in the breathing apparatus can be
atmospheric air or gas mixtures like Trimix (Nitrogen
+ Helium + Oxygen), Heliox (Helium + Oxygen), and
Nitrox (Nitrogen + Oxygen) to mitigate pathological
effects of increased partial pressure. SCUBA systems
can be open-circuit (where expired air is released) or
closed-circuit (where expired air is reused after CO,
removal and O, replenishment) (1).

CO is a toxic, colorless, odorless, and tasteless
gas, produced in small amounts by hemoglobin
metabolism in the body and from the incomplete
combustion of carbon-containing substances. If the
exhaust of the compressor used for compressed air
is too close to the air inlet, CO can contaminate the
breathing air (1). CO binds to hemoglobin with 200
times the affinity of oxygen, causing hypoxia by
shifting the oxyhemoglobin dissociation curve to

the left (5). COHb levels below 10% may show no
symptoms, while higher levels can cause headaches
(in20-30 %), weakness, nausea, vomiting, drowsiness,
sweating, blurred vision (in 30-40 %), and severe
symptoms like Cheyne-Stokes respiration, loss of

consciousness, convulsions, coma, and death (in over
40%) (1).

SCUBA diving deaths are rare in routine autopsies,
and not all forensic specialists have sufficient
experience with such cases. This study aims to
discuss the death examination and autopsy findings
of a patient who died from the combined effects of
dysbarism-related diffuse arterial air embolism and
rare CO toxicity during SCUBA diving.

CASE

The autopsy of the body who found floating prone
position on water surface after SCUBA diving and
reported as forensic case was performed by us. His
relatives and SCUBA group members who diving
together testified that went to the sea for diving, they
made diving, last seen when the person swimmed
to the surface of the water, the group members did
not see the person after the diving, they started to
search him and informed to 158(Coast Guard) and
112(Emergency medical Services). They explained
that the body was located 30-40 meters far from
the diving route, the mask was on his face, but the
regulator that allows him to breathe was not in his
mouth, didn’t move, was bruised and there was
vomit contamination in his mouth and equipment.
It was stated that he had made cardiopulmonary
resuscitation by his teammates after he had been
taken to the boat and he was disembarked and was
transferred to the hospital by ambulance within half
an hour but the person could not be saved.

External examination of the body by the physician
on duty revealed that there was no compression on
the back of the body and livor mortis was detected in
light red color.

The initial external examination showed livor mortis
on the back and no signs of trauma, assault, or
fractures. Blood contamination was present in the
mouth and nose, with a bitten tongue and slight
discoloration in the head and neck area.
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X-ray examination of the whole body was
performed before the autopsy. However, due to
artifacts and problems with the position of the
body, the image associated with air embolism
could not be evaluated.

During the autopsy, we carefully opened the skull,
taking great care to avoid damaging the vascular
system, in light of the possibility of arterial air
embolism. Upon dissecting the dura mater, air
was observed in the cerebral vessels of the parietal
and frontal lobes. To prevent iatrogenic air leakage
into the intracranial vessels before the brain was
removed, the vertebral artery and carotid internas
were clamped and then severed at the clamped
points. The intracranial organs and tissues were then
removed from the skull. A detailed examination
of the circle of Willis revealed air movement
within the cerebral arteries, basilar arteries, and
communicating arteries. Hemorrhage was noted in
the mastoid cells when the cranial base bones were
examined.

Upon opening the chest, we removed the
sternum and made a small, smooth incision in the
pericardium, which we filled with water to create
a small pool. A second incision was made in the
right heart with a long scalpel, causing air bubbles
to emerge from the water-filled pericardium.
The lungs appeared swollen, bright, stretched,
and showed bleeding on their anterior surfaces.
Foamy fluid was released from the lung sections
without any pressure being applied. This foamy
fluid was also observed in the trachea, bronchi,
and bronchioles. Fractures were detected at the
third intercostal level on the sternum and bilateral
ribs two to five along the midclavicular line, likely
caused by cardiopulmonary resuscitation (CPR)
efforts, as there was no accompanying ecchymosis.
No macroscopic pathological findings were detected
in other tissues and organs examined.

Histopathological examination of tissues collected
during the autopsy did not reveal any microscopic
findings that could have influenced the cause of
death. However, analysis of a blood sample taken
from the body revealed a carboxyhemoglobin
(COHD) level of 33.9%. Based on the autopsy results,
it was concluded that the individual’s death was

Figure 2.

due to the combined effects of carbon monoxide
poisoning, decompression sickness, and arterial gas
embolism.

DISCUSSION

Under normal conditions, there is a balance between
outdoor pressure and the pressure within air-filled
organs and tissues. Changes in outdoor pressure
produce corresponding effects based on the rate of
pressure change in the body. Air-containing organs
and tissues, such as the middle ear, lungs, sinuses,
and gastrointestinal tract, are particularly affected
in individuals frequently and intensely exposed to
pressure changes, such as SCUBA divers. Severe
manifestations and fatal outcomes can occur when
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blood circulation to vital organs is compromised
due to pathologies in the circulatory system (6). The
Decompression sickness, a form of dysbarism, is
common among divers. It occurs when divers ascend
too quickly from deep water to the surface, failing
to allow adequate breaks for the body to acclimate
to the pressure changes. Rapid ascent prevents the
effective removal of non-reactive gases, like helium,
used during diving. The gases dissolved in the blood
form bubbles as the pressure decreases, obstructing
tissue perfusion by transitioning from a liquid to
a gaseous state. The condition can manifest in a
range of symptoms from fatigue and dyspnea to
paraplegia and even death (7). Arterial gas embolism
occurs when bubbles form in the arterial system due
to decompression. These bubbles can block blood
vessels, causing infarction in the organs and tissues
they supply (7). Additionally, air embolism may occur
when air enters the blood vessels through ruptured
alveolar walls due to lung expansion and contraction.
This can lead to symptoms such as chest pain, loss of
consciousness, vision and hearing loss, and dyspnea
if vital organs like the brain, heart, and lungs are
affected. If the vessels supplying the extremities are
blocked, symptoms such as numbness, weak pulse,
paleness, coldness, and pain can occur.

Carbon monoxide (CO) and carbon dioxide (CO)
gases, which can be present in the compressed air
used by divers, may enter the breathing air due to a
compressor malfunction or a failure in the filtration
system, leading to poisoning (8). In our case, the
toxicology report indicated a carboxyhemoglobin
(COHD) level of 33.9% in the blood. COHDb levels
between 30-40% can cause symptoms such as
weakness, nausea, vomiting, drowsiness, sweating,
and blurred vision. When the forensic investigation
file related to the incident was examined, it was
seen that it was reported that the co rate was high
in the oxygen cylinder examined in the case. When
evaluating the crime scene, medical history, autopsy
findings, histopathology, and toxicology results,
it was considered that the diver likely experienced
impaired consciousness due to CO poisoning.
This impaired state could have led to the diver’s
rapid ascent to the water surface, resulting in
decompression sickness. The presence of vomit in
the mouth and on the equipment further supports

the occurrence of CO poisoning, as vomiting is a
common symptom of CO exposure.

The mortality rate associated with SCUBA diving
activity is reported to be 163 deaths per 1,000,000
divers per year, or approximately 1 in 6,000 divers (9).
According to data from the Professional Association
of Diving Instructors (PADI) in 2009, an organization
that regulates 60-70% of SCUBA diver certifications
worldwide, the number of certified divers has
exceeded 18.4 million since 1967, with more than
500,000 new divers being certified annually (10).
The Divers Alert Network (DAN) publishes an
annual report on diving accidents. The 2006 report
investigated the causes of death in 88 American
and Canadian divers who died in diving accidents.
The most common cause of death was drowning,
accounting for 56 cases, followed by acute cardiac
problems and arterial gas embolism. The study also
noted that trauma and CO intoxication were less
common causes of death during diving. In 10% of
cases, the cause of death could not be determined
due to the inability to recover the body or make a
definitive diagnosis (11).

Lippmann’s report on DAN Asia-Pacific data indicates
that SCUBA-related mortality in Australian divers is
0.7 per 100,000 dives and 8.5 per 100,000 divers. This
report, which examined 351 fatalities between 1972
and 2005, identified several factors that triggered
accidents: equipment problems (15%), issues with air/
respiratory gas (15%), poor water conditions (13%),
anxiety/stress (9%), excessive effort (9%), collision
with a boat, vomiting, fluid aspiration, attempted
suicide (22%), and unidentified factors (17%). The
primary cause of death was drowning, accounting for
50% of cases, followed by arterial gas embolism (AGE)
at 19% and cardiac problems at 14% (1,12).

A study conducted by the Department of
Underwater and Hyperbaric Medicine at Istanbul
University analyzed fatal diving accidents between
2007 and 2013 at forensic medicine units in
Istanbul, Adana, Izmir, Bursa, Mersin, Canakkale,
Aydin, Mugla, and the Turkish Underwater Sports
Federation. The study reported 20 deaths due to
SCUBA diving accidents. Of these, 12 (60%) were
due to drowning in water. Two cases (10%) were
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attributed to “asphyxia caused by air embolism
and drowning in water.” One case (5%) involved
“complications from oxygen-free underwater
environments.” Another two cases (10%) were
due to “air embolism.” There was one case (5%) of
“blunt force trauma, including left arm amputation,
right brachial artery/vein injury, rib fractures with
right lung contusion, and external bleeding.” One
case (5%) was due to “pulmonary edema caused by
decompression and AGE.” Finally, one case (5%)
was due to “CO intoxication caused by problems in
the SCUBA tube.” (1). In our case, it was concluded
that the individual, who lost consciousness due to
carbon monoxide poisoning, swam uncontrollably
and rapidly to the surface of the water. This
rapid ascent led to decompression and arterial
gas embolism (AGE). The death was determined
to be the result of the combined effects of carbon
monoxide poisoning, decompression, and AGE.

CONCLUSION

In all of the deaths caused by the SCUBA diving
accident, the components of the SCUBA tank gas
mixture need to be evaluated, especially in terms of
CO (13). When evaluating CO amount, increase in the
partial pressure of CO with the increase of outdoor
pressure in the underwater environment aggravate
CO’s toxic effects in body and accordingly the
measured value in tube air may not be parallel with
the clinical results (1). The forensic doctor should
know that autopsy findings alone are not sufficient to
determine the cause of death in dive-related deaths
and should be aware that incorrect results may
arise due to common postmortem changes that may
be misinterpreted (14). Postmortem examination
should not be initiated until the conditions in which
the death occurs are fully examined, but an autopsy
should be performed as soon as possible to prevent
postmortem changes that may mask the findings or
lead to false evaluations (13,14).

This study was presented as an oral presentation in “17" Forensic Medicine Days
with International Participation” on 13-16 October 2022, Aksu-Antalya.
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DERLEME / REVIEW FORENSIC BIOLOGY

Adli uygulamalarda yeni nesil dizileme teknolojilerinin
yeri ve onemi

The role and importance of next generation sequencing technologies in
forensic applications

Tugba Tezcan', Mukaddes Asena Yildirim?, Selin ('jzkan—KotiIoqu3 Dilek Kaya-Akyuzlu**
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OZET

Giiniimiizde tiim diinyada adli kimliklendirmede otozomal STR (Short Tandem Repeat; Kisa Ardisik Tekrarlar) analizi altin
standart olarak kabul edilmektedir ve bircok adli vaka icin STR tiplemesi yeterli ayrim giicii saglamaktadir. Ozellikle can
kaybmin ¢ok oldugu, viicut biitiinliigiintin bozuldugu ve DNA 6rneginin az ya da karismis veya parcalanmis oldugu felaket
kurbanlarmin kimliklendirilmesinde X ve Y kromozomu STR belirtegleri (X-STR ve Y-STR) ve mitokondriyal DNA analizi gibi
ilave belirteglerden de yararlanilmaktadir. Viicut stvilarmin kimliklendirilmesi, monozigotik ikizlerin ayrilmasi ve 6liim zamaninin
belirlenmesinde ise DNA metilasyon kaliplar1 ve miRNA analizleri gibi epigenetik degisiklikler degerlendirilmektedir. Tiim
bu adli belirteglerin yetersiz kaldig1 vakalarda son yillarda Yeni nesil dizileme (YND) teknolojilerinden de yararlanilmaktadar.
YND tiim ekzom ya da tiim genomu hizli bir sekilde dizileyen ve genom hakkinda genis capl bilgi edinmemizi saglayan bir
teknolojidir. Adli kimliklendirme ve viicut sivilarini kimliklendirmenin yani sira adli entomolojik calismalar, kimerizm tespiti, soy
ve fenotipik ¢ikarim arastirmalar: da YND teknolojileri sayesinde hizl ve giivenilir bir sekilde yapilabilmektedir. Bu derleme YND
teknolojilerinin adli kimliklendirme ve diger adli uygulamalardaki yeri ve 6nemine odaklanmaktadr.

Anahtar Kelimeler: Yeni nesil dizileme, adli kimliklendirme, adli uygulamalar

ABSTRACT

The use of autosomal STR (short tandem repeat) analysis is now accepted as the gold standard in forensic identification worldwide.
STR typing provides sufficient discrimination power for many forensic cases. Furthermore, additional markers, such as X and Y
chromosome STR markers (X-STR and Y-STR) and mitochondrial DNA analysis, are employed in the identification of disaster
victims, particularly in instances where there is a considerable loss of life, compromised body integrity, and a paucity of DNA
samples, or when the samples are fragmented or mixed. The evaluation of epigenetic changes, such as DNA methylation patterns
and miRNA analyses, is employed in the identification of body fluids, the separation of monozygotic twins and the determination
of the time of death. In instances where the aforementioned forensic markers prove inadequate, next-generation sequencing
(NGS) technologies have been employed in recent years. NGS is a technology that rapidly sequences the entire exome or genome,
thereby enabling the acquisition of a comprehensive range of genomic data. In addition to forensic identification and body fluid
identification, forensic entomological studies, chimerism detection, ancestry research and phenotypic inference studies can be
carried out rapidly and reliably thanks to NGS technologies. The objective of this review is to examine the role and importance of
YND technologies in the context of forensic identification and other related forensic applications.

Keywords: Next generation sequencing, forensic identification, forensic applications
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GiRiS
Adli DNA
varyasyonlarin analiz edilmesiyle canli ya da 6lmiis

kimliklendirme, dizisindeki
bir bireyi tanimay1 ve bagka bireylerden ayirt etmeyi
saglamaktadir (1). Her ¢ekirdekli hiicrede bulunan
DNA, insana ait tiikiiriik, kan, semen, vajinal
sekresyon ve ter gibi viicut sivilariile sag, dis ve kemik
gibi biyolojik oOrneklerden elde edilebilmektedir
(2). Insan Genom Projesi, insan genomunun %99,9
oraninda benzer oldugunu ortaya koymustur. Kalan
%0,1'lik kisimda ise genetik diizeyde farkliliklara
neden olan varyasyonlar sayesinde DNA dizileri
bireylere 6zglidiir (2,3). Genetik varyasyonlar tek
niikleotit polimorfizmleri (SNP’ler), insersiyon/
delesyonlar (in/del), tandem tekrar polimorfizmleri
(VNTR’ler ve STR’ler), inversiyonlar, kopya sayisi
varyasyonlar1 (CNV) ve translokasyonlar gibi cesitli
sekillerde ortaya ¢ikabilir (4). Bireye ozgii olan
bu varyasyonlar adli kimliklendirme siirecinde
arastirilabilmektedir (5). Dolayisiyla adli biyolojik
bulgulardan elde edilen DNA analiz edilerek, bir¢ok
adli olaymn ¢oziilmesinde giiglii bir kamt olarak
kullanilmaktadir (6). Giiniimiizde tiim diinyada
STR  (Short
Tandem Repeat; Kisa Ardigik Tekrarlar) analizi

adli  kimliklendirmede otozomal
altin standart olarak kabul edilmektedir ve bircok
adli vaka igin STR tiplemesi yeterli ayrim giicii
saglamaktadir (7). Otozomal STR’ler polimorfik
olmalari, analizlerinin kolay ve ucuz olmasi, olusan
profilin yorumlanmasimin basit olmasi ve mutasyon
oranmin diisitk olmasi gibi nedenlerle kabul
gormektedir. Bununla birlikte, yiiksek diizeyde
bozulmus ve kontamine olmus biyolojik ornekler
adli DNA analizlerini zorlastirabilmektedir. Adli
DNA analizlerindeki bir diger zorluk birden fazla
bireyin DNA’sim1
DNA‘larin kime ait oldugunun ayirt edilmesidir
(7,8).
viicut biitiinligiiniin bozuldugu ve DNA &rneginin

iceren karisim Orneklerinde
Ayrica, 6zellikle can kaybmin g¢ok oldugu,

az miktarda, karismis ya da parcalanmis oldugu
dogal afet, teror saldirilari, ucak kazalar1 gibi adli
vakalarda kisilerin kimliklendirilmesinde sorunlarla
karsilasilmaktadir. Bu gibi zor adli kimliklendirme
calismalarinda X ve Y kromozomu STR belirtecleri
(X-STR ve Y-STR), tek niikleotit polimorfizmleri
(SNP’ler) ve mitokondriyal DNA dizilemesi gibi ek
belirteclerden de yararlanilmaktadir (8).

Son yillarda celiskili olgularin aydinlatilmasinda
DNA  profillemenin epigenetik
aragtirilmalar da dikkat cekmektedir. Ozellikle viicut
stvilarinin  kimliklendirilmesinde, = monozigotik
ikizlerin ayrilmasinda, biyolojik Ornegin
yasinin tahmin edilmesinde ve &lim zamaninin
belirlenmesinde metilasyon durumlar;, miRNA
seviyeleri gibi epigenetik degisikler incelenerek
degerlendirilmektedir. orneklerden
mikrobiyomun belirlenmesi kisinin son faaliyetlerini,
oliim sonras1 gecen zamani ve cografi konumunu
belirlemede yardimci olabilmektedir (9,10). Adli
aragtirmalarin 6énemli bilesenlerinden biri de cesitli
hayvan ve bitki tiirlerinin incelenmesidir. Cesitli
hayvan ya da bitki tiirleri olayla ilgili bilgi verebilecek
bir bulgu niteligi tasiyabilmektedir (7).

yani sira

Ayrica, adli

Adli arastirmalarda olay yerinden elde edilen
biyolojik 6rneklerden DNA profili elde edilmekte
ancak DNA profili biyolojik materyalin aktarildig:
kosullar hakkinda bilgi vermemektedir. Olay
aninda meydana gelen biyolojik reaksiyonlarmn
aktivite seviyelerinden yararlanilarak doku veya
stvinin - kaynagmin  belirlenmesi  biiyiik  6nem
tasimaktadir. YND-RNA viicut sivist tanimlama
paneli cezai sorusturmalar igin aktivite seviyeleri
bilgisi saglamakla kalmayabilir. Ayn1 zamanda her
bir bireysel mRNA hedefi icindeki kodlanan bolge
varyasyon analizi ile bir DNA profilinin belirli bir
viicut sivis1 veya dokusuyla iliskilendirilmesine de
izin verebilir. Giintimiizde arastiricilar insan bireysel
kimliklendirme ve es zamanh adli doku tanimlamaya
izin veren RNA analizinin, genomik DNA (gDNA)
STR dizilimi ile birlestirilmesi tizerinde calismalar
yapmaktadir (11).

Yukarida bahsedilen adli uygulamalarda kullanilan
analiz teknikleri ¢6ztimlenmesi bazi zor vakalarda
yetersiz  kalabilmektedir. ~Ornegin  geleneksel
kapiller elektroforez tabanli STR analizleri, DNA
fragmaninin boyutunun tespitine dayanmakta ve
ayni veya benzer uzunlukta fakat farkli dizilere
sahip aleller bu teknikle ayirt edilememektedir (7).
Boyle vakalarin ¢oziimlenmesinde altin standart
olarak kabul edilen STR analizlerini destekleyecek
yeni nesil dizileme (YND) teknolojilerinin adli
amagh uygulamalar1 diinya ¢apinda giderek artan
bir hizla arastirilmaktadir (11). Adli kimliklendirme
ve vicut swvilarim kimliklendirmenin yani sira
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Sekil 1. Yeni nesil dizileme ile adli analizler

adli entomolojik c¢alismalar, kimerizm tespiti,
kromozom inaktivasyonu, soy ve fenotipik ¢ikarim
arastirmalar1 da YND teknolojileri sayesinde hizli ve
giivenilir bir sekilde yapilabilmektedir (7, 8,11) (Sekil
1). Bu nedenle, bu makalede, yeni nesil dizileme
teknolojilerinin  adli

uygulamalarda sagladig:

avantajlar son gelismeler 1511nda derlenmistir.

YENI NESIL DiZILEME TEKNOLOJILERI

Yeni nesil dizileme (YND) teknolojileri ile belirli bir
niikleik asit molekiiliinde bulunan niikleotitlerin
siras1  yiiksek dogrulukta belirlenebilmektedir.
Mikroorganizmalardan insanlara kadar bircok
canlinin genomu YND teknolojileri ile dizilenmistir
(12). YND teknolojileri diisiik verimli ve yogun
emek gerektiren Sanger dizileme teknolojisinin
aksine yiiksek verimlilikte ve tek molekiillii DNA
elde edilen veri miktarmi
arttirmistir. ' YND

teknolojileri arasinda ilk kullanilan Ion Torrent

dizileme saglarken,

olaganiistii  bir  bicimde

ya da Ilumina platformlarmin olusturdugu
“ikinci nesil teknolojiler” olarak da adlandirilan
yaklagimlar kisa-okuma dizilemeyi icerir ve
genelde DNA fragmentasyonu, DNA u¢ onarimi,
adaptdr baglanmasi, ylizeye tutturma ve in-situ
amplifikasyon basamaklarini igermektedir. Ayni
anda pek ¢ok drnegin paralel bir sekilde dizilemesi
saglanan bu kisa-okuma teknolojileri ile kisa DNA
parcaciklarinin dizilerinin eldesi sonrasi uzun DNA
orneklerinin tekrar birlestirilmesi gerekmektedir.
Bu teknolojinin kiitiiphane hazirlanmasi, dizileme
ve veri analizi olmak iizere {i¢ ana is akis1 basamag
mevcuttur. “Uciincii nesil dizileme” teknolojileri
ile Oxford Nanopore ya da Pacific Bioscience
gibi platformlar kullanilarak 10 kilobaz iizeri
uzunlukta okumalar yapilabilmektedir. Bu sayede
kisa-okuma teknolojilerinde karsilasilan genom
capinda tekrarlar ve yapisal varyant tespiti gibi
sorunlar asilabilmistir. Uciincii nesil dizileme en
az sayida kiitiiphane hazirlama basamag: igerir

ve fragmentasyona ihtiya¢ duyulmadan gercek-
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zamanli olarak dogrudan DNA hedeflenmektedir.
Fakat bu teknolojinin, ikinci nesil dizilemeye
kiyasla dogruluk acisindan smirhiliklart mevcut
olup gelistirilen analiz yazilimlari1 ile bu sorun
giderilmeye caligilmaktadir (13). Ugiincii nesil
YND teknolojilerinden biri olan nanopor dizileme
(MinION, Oxford Nanopore Technologies),
diger teknolojiler gibi senteze bagh dizileme
olmayip polimeraz katkist
DNA molekiillerinin gercek zamanl dizilendigi

enzimi olmadan
bir teknolojidir. Bu teknoloji elektrik direngli
membranlara gomiilii kiigiik deliklerden yani
olusmaktadir.  Elektrik
voltajinin membrana uygulanmasi ile iyonlarin bu
nanoporlardan gegisi baglar ve nanopora baglanmis

nanopor arraylerden

olan motor proteini sayesinde DNA molekiiliiniin
porlardan gegis hizi diizenlenerek ¢ift zincirin
acgllmasi ve bir zincirin pordan gecisi ile devam
eder. Her niikleotit gegisi iyon akimini farkli bir
sekilde degistirdiginden kivrimli bir akim profili
elde edilir ve bu akim profili niikleotit dizisine
terctime edilir. Bu isleme cesitli makine 6grenim
algoritmalari ile gerceklestirilen “base calling” yani
baz ¢agirma adi verilmektedir. Her bir pordan 5-7
niikleotit verisi elde edilir ve bu akim egrisinin
bir niikleotit dizisine doniigtiiriilmesi tiim porlar
diisiiniildiiginde oldukga zorlayici olabilmektedir.
Glintimiizde farkhi porlar kullanilarak bu yontem
gelistirilmeye devam edilmektedir (14). Kapiller
YND
sistemlerinin biiylik cogunlugu agir, 1s1 ve titresim

elektroforez sistemleri ve ikinci nesil
acisindan ortam kararlilig1 isteyen biiyiik cihazlar
olmakla birlikte {clincii nesil YND cihazlar
tasinabilen ve pek c¢ok farkli ¢evrede calisilabilen
cihazlar oldugundan hem daha ulasilabilir hem de
adli olaylarda alanda ¢aligmada kolaylik saglama
potansiyeline sahip cihazlardir (15). Ikinci ya da
tcinct nesil dizileme kullaniminin se¢imi tamamen
arastirmanin ya da klinik uygulamanin ihtiyaclarma

gore degismektedir (13).

DNA dizileme
kullanilan  YND yontemi daha ¢ok ikinci nesil

Gilinimiizde adli amagh igin
dizileme teknolojilerini icermekte olup bu teknoloji
sentez yoluyla dizilemeye dayanmaktadir (16).
Ikinci nesil dizileme ile yiiksek miktar ve dogrulukta
veriler elde edilebilirken, kisa okuma dizileme

sistemi olmasindan dolay1 uzun STR lokuslar: igin

deney tasarmmi ve okumalarin hizalanmasini daha
zorlu hale getirebilmektedir (14).

YENI NESIL DiZILEME TEKNOLOJILERININ

ADLI UYGULAMALARDA POTANSIYEL
AVANTAJLARI
Adli laboratuvarlarda kimliklendirme amaciyla

rutinde kullanilan kapiller elektroforez temelli STR
analizlerinin bazi dezavantajlar1 bulunmaktadir (8).
Bu teknigin dezavantajlarindan biri tek bir is akis
kullanarak tek bir reaksiyonda birden fazla genetik
varyasyonun (tekrar polimorfizmleri, tek niikleotid
polimorfizmleri, in/del) analiz edilememesidir
(7). standart PCR-kapiller elektroforez
teknigi ile sadece STR bolgesindeki aleller tespit
edilebilmektedir. Es zamanli olarak otozomal
STR’ler, Y-STR’ler, X-STR’ler, in/del’ler, otozomal
SNP’ler, Y kromozomu SNPleri, soy bilgilendirici
belirtecler, fenotipik belirtecler gibi kimliklendirmede

Bugiin,

kullanilan adli belirtegler tek bir deneyle analiz
edilememektedir. YND teknolojisinin en biiyiik
avantajlarindan biri, bu adli belirteglerin tek bir testle
belirlenebiliyor olmasidir. Bu analizlerin her biri
PCR-kapiller elektroforez teknigi ile bir is giintinde
gerceklestirilebilirken; tiim genetik varyasyonlarinin
analizleri YND yo6ntemi ile tek bir is akisinda tek
bir deneyle gerceklestirilebilmektedir (8,17). YND,
yeni STR alellerini ortaya ¢ikarabilme potansiyeline
de sahiptir (17,18). Cusick vd. (2022) YND'nin
klinik teghis ve adli bilimlerde rutin hale gelmeye
basladigin1 bildirmislerdir (19). ForenSeq sistemi
ticari olarak temin edilebilen bir YND is akisidir ve
bu sistem adli agidan iliskili 230’dan fazla genetik
belirtecin amplifikasyonuna ve dizilenmesine olanak
saglamaktadir. Kapiller elektroforez teknigi ile
yapilan STR genotiplemede mevcut uygulamada
yaklasik 27-30 lokusla smirli olacak sekilde az
sayida lokus incelenebilmektedir. Bu nedenle de
27-30 lokustan daha fazla sayida lokus incelemesi
yapilmasi gereken fazla sayida STR bolgesi igin
kapiller elektroforez tekniginden elde edilecek bilgi
sinurhdir (19).

Yukarida da bahsedildigi tizere, YND ile tek bir testle
tim genom veya tiim ekzom dizilenebilmektedir.
Tiim genom dizileme ile yaklagik 4.000.000 varyant
tanimlanabilmektedir. Tim ekzom dizileme ile ise
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genomun kodlanan kisminda bulunan varyasyonlar
belirlenebilmekte ve yaklasik 20.000 varyant
tanimlanabilmektedir (20). YND teknolojileri, tiim
genomun dizilenmesi veya genomda kodlanan
bolgelerin dizilenmesinin yani sira, hedefe yonelik
dizileme (6zellikle tibbi analizlerde, panel dizileme),
RNA dizileme c¢alismalari, mikrobiyal genomun
dizilenmesi ve epigenetik degisimlerin tespitine de
olanak saglamaktadir (12).

Birinci nesil dizileme teknigi olan Sanger dizileme
teknigi arastirma laboratuvarlarinda STR analizleri
i¢in kullanilmistir. Ancak bu teknigin genel olarak
zahmetli olmasi ve heterozigot alelleri ayirmak igin
ek adimlara ihtiya¢ duymasi nedeniyle rutin adli
arastirmalarda kullanim1 uygun goriilmemistir
(21). Diger taraftan, YND teknolojilerinin hem
otozomal hem de cinsiyet kromozomlarmnda ¢ok
sayida STR lokusunun eszamanli tespitine ek
olarak benzer uzunluga veya dijital okuma sayisina
sahip alelleri ayirt etme yetenegi de mevcuttur.
Dizileme teknolojilerinde okuma terimi, dizileme
icin kullanilan DNA pargasinin bir boliimii veya
tamamini 6zetle kag baz ¢iftinin dizilendigini ifade
etmektedir. Teknolojik gelismeler sayesinde YND
teknigi ile STR dizilerinin okuma uzunlugu stirekli
olarak artmaktadir (7). Bu, STR bolgelerindeki
varyasyonlarm YND teknolojileriyle belirlenmesi ile
miimkiin hale gelmektedir (22).

Karisik profiller, karmasik babalik vakalari, kimerizm
tespiti ve parcalanmis DNA o6rneklerinin analizi
YND teknolojisinin rutin STR analizlerine gore diger
bir tstiinliigiidir (5). mtDNA analizlerinin diisiik
verimliligi, parcalanmis DNA 6rneklerinden genomik
bilginin kayb1 ve mevcut belirteclerin diisiik verimli
genotiplenmesi kapiller elektroforez temelli dizileme
yonteminin diger dezavantajlari olarak bilinmektedir
(7). Karmasik babalik vakalari ile, monozigotik
ikizlerden hangisinin baba oldugunun ayurt edilmesi
gereken vakalar, babanin mevcut olmadig: ihtilafh
babalik davalarinda baba oldugu varsayilan kisiden
ve bir veya daha fazla yakin akrabasindan alinan
DNA’larin incelendigi vakalar veya kimerik ¢ocuk
kastedilmektedir.
Bu vakalarda, kapiller elektroforezle yapilan STR

profillerinin  oldugu vakalar

analizlerinde zorluklar ile karsilasilmaktadir (7).
Bazi arastirmacilar birden fazla bireyin DNA’sim

igeren DNA karisimlarinda DNA‘larin ayirt edilmesi
amaciyla YND teknolojisi kullanmaya baslamiglardir
(8, 23). Ayrica Van Neste vd. (2014) karismis DNA
orneklerinin ayirt edilmesinde bir STR alel referans
veritaban:i olusturmak icin Illuminanin MiSeq
sistemini kullanmiglardir. Bu c¢alismanin sonuglar
STR profil analizi i¢in Illumina MiSeq y6nteminin
hazir oldugunu gostermistir (24). YND teknolojisi
ile az miktarda ve degrade olmus Ornekten de
dizileme yapilarak bilgi alinabilmektedir (5). Insan
cesetlerinden alnan analizi zor numunelerde YND
teknolojisi kullanilarak yapilan bir arastirmanin
sonucunda, 62.5 pg DNA miktarina kadar inildiginde
bile YND teknolojisi ile %100°liik genotipleme basar1
oranma sahip oldugu belirtilmistir. Ayrica yapay
olarak bozulan 6rneklerde YND ile gergeklestirilen
otozomal STR profillerinin, kapiller elektroforez
teknigine gore onemli 6l¢lide daha diisiik sayida
lokus ve alel kayb: ile sonuglandif1 belirlenmistir
(25). Yapilan bir bagka galismada adli 6rneklerde
426 niikleer SNP ve mitokondriyal genom YND
teknolojisi ile dizilenebilmistir. Bu calismanin
sonucunda pargalanmis, az miktarda ve/veya
karismis Ornekler gibi analiz yapmaya elverisli
olmayan adli orneklerde mtDNA, STR ve SNP
analizleri i¢cin YND teknolojilerinin umut verdigi
vurgulanmistir (26). Bir baska c¢alismada ise
Warshauer vd. (2013) adli YND verilerini analiz
etmek igin 23 otozomal ve 21 Y-STR olmak {izere
toplam 44 STR’ye ait YND verilerini analiz edebilen
yazilim olan STRait Razor'u (STR alel tanimlama
arac1 — Razor) gelistirmislerdir (27). Hertz vd. (2015)
tarafindan gergeklestirilen bir ¢alismada adli tipta
ani ve agiklanamayan 15 6liim vakas: ile 29 kalp
hastasinda 34 gen YND teknolojisi (Illumina Miseq)
kullanilarak dizilenmistir. Bu ¢alismanin sonucunda
15 ani ve agiklanamayan 6liim vakasinin 3'tinde ve
29 kalp hastasimnin ise 12’sinde patojenik varyantlar
tespitedilmistir. Gergeklestirilenbu ¢alisma, YND nin
hem oliim 6ncesi klinik arastirmalarda hem de 6liim
sonrast yapilacak adli tip arastirmalarinda giiclii
bir ara¢ oldugunu gostermistir (28). YND teknikleri
ile gergeklestirilen adli arastirmalar Tablo 1’de
Ozetlenmigtir. Cesitli adli 6rneklerden elde edilen
genomik DNAnin YND islemlerine hazirlanmasi ise
Sekil 2’de 6zetlenmistir.
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Tablo 1. YND teknikleri ile gerceklestirilen adli arastirmalar

Calisilan Calisilan
Calisma yontemi Calisilan organizma ornek sayisi | biyolojik 6rnek Calismanin sonucu Kaynak
YND 454 Sequencing insan (15-84 yas araliginda 240 Servikal swap YND ile vajinal floranin (72)
(Roche, Branford, USA) saglikli kadin bireyler) ornekleri belirlenebilecegine dair goris
saglamistir.
YND (illumina MiSeq™ insan (Kafkas) 5 Kan ornegi 23 otozomal ve 21 Y kromozomu (27)
platform) STR'si dahil toplam 44 STR'ye ait
YND verilerini analiz edebilen
yazilim olan STRait Razor'u
gelistirmislerdir.
lllumina insan Metilasyon insan 22 Kan 6rnegi YND ile 27.578 CpG alanindaki (58)
Boncuk Cip teknolojisi (Monozigotik ikizler-MZ) DNA metilasyon durumunu
incelenmistir. MZ ikizler arasinda
ayrim yapmayi amaglayan
epigenetik calismalar igin
potansiyel metillenmis 92 CpG
bélgesini filtrelemislerdir.
YND (lllumina miRNA Fare 10 Dondurulmus veya Hem dondurulmus hem de (65)
Assay, lllumina parafine gomilu | parafine gomilu dokulardan YND
sequencing) dokular (A549, | ile yuksek dogruluk ve hassasiyette
H460, H520, H1264 | miRNA profilleme yapilabilecegi
ve RVH6849 timor gosterilmistir.
hiicre hatti)
YND (illumina Miseq) insan (karismis DNA 6rnekleri) 5 Genomik DNA STR profillerini analiz etmek icin (24)
kaynaklari (K562, | lllumina Miseq'in hazir oldugunu
9947A, NIST SRM gostermistir.
2391c DNA A, NIST
SRM 2391c DNA B,
2800M)
YND + (YND, Kapiller insan (saglikli erkek bireyler) 296 Kan 6rnegi Adli pedigri arastirmalarinda (43)
elektroforez ve YND+ teknolojisinin devrim
pyrosekanslama tekniginin yaratacag 6n gorulmustr.
birlikte kullanilmasi)
YND (lllumina Miseq) insan 5 insan kontrol HL- Parcalanmis, az miktarda ve/ (26)
60 DNA, veya karismis 6rnekler gibi analiz
yapmaya elverisli olmayan adli
insan kontrol DNA | &rneklerde mtDNA, STR ve SNP
NA24129 analizleri icin YND teknolojilerinin
umut verdigi vurgulanmistir.
mtDNA igin K562
ve niikleer SNP'ler
icin 2800M
Caucasian C163 ve
US Hispanic H104
(Karismis mtDNA
calismasi)
Telogen Hair Study
(kadin gondlliler)
YND (lllumina Miseq FGx insan 15 Bukkal swap Miseq FGx Sistemi ile olusturulan (25)
Sistem) ornekleri, kan datanin tekrarlanabilir, saglam ve
2 erkek ve 2 kadindan olusan ornekleri ve doku | guivenilir oldugu vurgulanmistir.
gonilluler, Otopsisi yapilan 2 ornekleri
ceset (PMI < 24) ve bozulmus/
iskeletlesmis 9 ceset
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1. Ornek Hazirlama Asamasi
(Cesith Adli Omeklerden Genomik DNA [zolasyonunun Gergeklegtinlmes:)

|

2. Kiitiiphane Hazirlama Asamasi
Dizileme 1¢in DNA Parcalanmn Hazirlanmasi

/

Tim Ekzom Dizileme

N’ﬁm Genom Dizileme |

Yent Nesul Dizileme igin Kk Okuma Pargalannin (Read) Olugturulmast I

|

3. Dizileme Asamas
Okuma Pargalannin Referans Genoma Oturtulmas ve DNA Varyantlannin Tammlanmas:

l

4. Verilerin Yorumlanmasi
(Biyoinformatik Analiz)

Sekil 2. Cesitli adli 6rneklerden elde edilen genomik DNA materyalinden genom ve ekzom dizileme is akist (20).

YNDTEKNOLOJILERININADLIUYGULAMA
ALANLARI

STR ve SNP analizleri

STR’ler, her lokusta 5-100 kez tekrarlanabilen
1-7 bazdan olusan kisa DNA dizileridir (18). STR
dizileri bireyler arasinda uzunluk farkliliklar:
gostermektedir ve bu bolgeler yiiksek oranda
polimorfiktir (21). STR bolgelerinde mutasyon oramn
azdir ve STR analizleri diisiik miktarda DNA kalib1
ile yapilabilmektedir. Ayrica STR analizleri hizh
ve kesin alel tespitini miimkiin kilmaktadir. Bu
nedenlerle STR'ler 1990’]ardan beri en sik tercih edilen
genetik belirte¢ olarak adli kimliklendirme amaciyla
adli (6,7,21).

Adli bilimlerde ¢ogu uygulama icin standart STR

uygulamalarda  kullanilmaktadir
profilleme yeterli ayrim giicti saglamaktadir. Diinya
capinda 60'tan fazla tilke suglarmn ¢éziimlenmesinde
STR teknolojisine dayali biiyiik Olgekli adli DNA

veri tabanlart olusturmus durumdadir ve bu veri
tabanlar1 hizla biiylimeye devam etmektedir (29).
DNA profili elde etmek amaciyla kullanilan STR'ler
veritabanlarindaki profiller ile karsilastirildigindan
rastgele eslesme olasiigini artirmak igin daha
fazla STR belirteci kullanilmasi gerekmektedir.
Bununla birlikte, PCR ve kapiller elektroforez
kombinasyonunu igeren konvansiyonel analiz
tekniklerinde belirte¢ sayis1 smurh kalmaktadir.
Bu smurliik STR belirteclerinin YND teknolojisi ile
belirlenmesiyle ortadan kalkmaktadir. Geleneksel
DNA STR
varyasyonu hakkinda da bilgi verememektedir (30).
Aynm1 zamanda YND teknolojileri degrade olmus
ya da diisiik miktardaki DNA 6rneklerinden DNA

profillemesine olanak saglamaktadir. YND teknolojisi

analizleri, alellerinin  diziler arasi

ile benzer uzunluktaki aleller kolaylikla ayirt

edilebilmekte, dijital okuma saymmu ile karisik DNA
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ornekleri kimliklendirilebilmekte ve karmasik babalik
vakalarinin analizi gerceklestirilebilmektedir (7, 16).

Kapiller elektroforez ile elde edilen ayrim giicii,
rutin adli olaylar icin yeterli olsa da, karisik 6rnekler
ve karmasik akrabalik analizlerinde ek otozomal
STR’ler ya da baska genetik belirtecler eklenerek
genisletilmis STR paneli de yetersiz kalabilmektedir.
Bu adli YND
teknolojisinin kullanimi arastirmacilarin biiyiik ve
daha farklilasmis popiilasyonlarda bilgiye kolay
ve hizh bir sekilde erisimini saglamistir (31). YND
teknolojileri fragment uzunluguna sahip
fakat dizi farkliliklar: bulunan izoalelleri de ortaya
¢ikarabilmekte ve bu durum ayrmm giicliniin
artmasini saglamaktadir (32).

nedenle kimliklendirmede

ayni

Giiniimiizde ikinci nesil YND teknolojisi diger bir
adiyla biiyiik paralel dizileme ile kapiller elektroforez
temelli panellere kiyasla daha fazla sayida STR
lokusu kullanilarak profilleme yapilabilmektedir.
Niikleotit dogrudan  belirlenebildigi
bu teknoloji ile biyoinformatik analizler sonrasi
STR  genotiplendirmesi  gergeklestirilmektedir.
PowerPlex21 multipleks STR sistemi (Promega) gibi
kapiller elektroforez bazli sistemler ile 7 ila 27 STR
bolgesi taranirken, YND teknolojisiile ForenSeq DNA
Signature Prep Kit (Verogen) Kkiti ile 27 otozomal
STR, 7 X-STR, 24 Y-STR ve Amelogenin olmak tizere
ayni anda 59 STR lokusu belirlenebilmektedir (15).
Gettings vd. (2016) tarafindan gergeklestirilen bir
calismada 183 DNA 6rneginde (68 Afrikan Amerikan,
70 beyaz 1rk ve 45 Ispanyol bireyde) 22 otozomal adli
STR lokusu YND teknolojisi kullanilarak dizilenmis
ve daha once adli tip literatiiriinde bildirilmemis
olan tekrarlayan bolge dizileri belirlenmistir (21).

dizisinin

SNP’ler, adli kimliklendirmede o©Onemi olan
mitokondriyal SNP, Y-SNP ile soy ve fenotipik
ozellikler ~ hakkinda  bilgi genetik
varyasyonlardir. SNP’ler genomda STR’lerdan daha
yliksek siklikta bulunurlar, daha kararhdirlar ve
¢ok diistik mutasyon oranlarmna sahiptirler. Diistik
mutasyon oranina sahip olmalar1 babalik ve soy
tespitinde sonuglarin giivenilirligini artirmaktadir.
Olay yerinden az miktarda ve bozulmus olarak
elde edilen biyolojik érneklerden SNP lokuslar:1 STR
lokuslarindan daha iyi sonug vermektedirler. Bu
nedenle de bozulmus 6rneklerde SNP lokuslar1 STR

veren

lokuslarina alternatif olarak kullanilabilmektedir.
Bununla birlikte, bialelik o6zellikleri nedeniyle
SNP analizleri yapilirken yeterli yiiksek ayrimi
saglamak i¢in daha ¢ok sayida lokusun incelenmesi
gerekmektedir. Adli rutinde kullanilan 24 CODIS
STR lokusunun sagladigr ayrim giiciiyle aym
ayrim giiciinii elde edebilmek igin 50-80 SNP
kullanilmas1 gereklidir. Giintimiizde SNP ile ilgili
bilgilerimizi artirmak amaciyla birden fazla analiz
ve tespit yontemi mevcuttur. Ancak bu yontemlerin
hassasiyetleri, tekrarlanabilirlikleri, dogru sonuca
ulastirma oranlar1 ile zaman ve maliyetleri goz
ontine alinmalidir (33).

Kapiller elektroforez kullanilarak SNP tiplendirmesi
kantitatif olmamakla birlikte smirli multipleks
olanagina sahiptir ve ¢ok fazla emek gerektirir (34).
YND teknolojisi ise kapiller elektroforezin sahip
oldugu smirliliklari, akrabalik analizlerinde yiiksek
ayrim ve ¢Oziiniirliik icin multipleks dogas: geregi
yliksek verimli veri eldesi saglayarak gidermektedir.
YND teknolojisi ile 5000’den yaklasik 95000’e kadar
sayida SNP es zamanl olarak analiz edilmekte ve bu
da genisletilmis akrabalik iliskileri i¢in biiyiik bir giic
saglamaktadir (17). Yakin bir zamanda gelistirilen
bir ticari kit olan ForenSeq Kintelligence kit (Qiagen/
Verogen) ile ayn1 anda 10,230 SNP ¢ogaltilabilmekte
ve bu veri akrabalik, biyolojik soy, biyolojik cinsiyet
ve fenotip belirlenmesinde kullanilmaktadir. Bu
sekilde hedeflenmis SNP paneli ile yaklasik 5. derece
akrabalik tayini yapilabilirken, tiim genom dizileme
kullanilarak belirlenen SNP'ler ile daha fazla bilgi
edinilebilmektedir (35). Insan kalintilar1 kullanilarak
yapilan bir calismadan STR/kapiller elektroforez ve
SNP/YND yontemleri karsilastirilmis ve insan kemik
kalmtilarinin analizinde SNP/YND yonteminin daha
istiin oldugu gosterilmistir. Ayni anda ¢ok sayida
SNP analizinin yiiksek miktarda degrade olmus
DNA’dan yapilabildigi bu yontem, kayip kisi vakalar1
gibi durumlarda kullanilabilir veri sagladigindan
gegmis ya da simdiki kayip kisi senaryolarinda
kimliklendirme icin tercih edilmelidir (36). Bunlara
ek olarak, fgciincli nesil YND teknolojilerinden
biri olan Oxford Nanopore dizileme teknolojisi ile
SNP belirtegleri kullanilarak ten, sa¢ ve goz rengi
tahminleri yiiksek dogruluk ve giivenilirlik ile
gerceklestirilebilmektedir (37). Nanopor dizileme ile
2021 yihinda yapilan iki calismada 94 SNP bélgesini
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hedefleyen ForenSeq DNA Signature kiti ile %99'un
tizerinde bir dogruluk elde edildigi ve adli SNP
genotiplendirmesi i¢in bu teknolojinin oldukca
avantajli oldugu vurgulanmistir (14,38,39).

Y kromozom analizleri

Erkeklerde atasal soylar ayn1 Y-STR haplotiplerine
sahip oldugundan baba, ogul, kardes, amca ve atasal
kuzenler Y-STR analizleri ile ayirt edilememektedir
(40). Adli tipta erkek soyunun karakterizasyonu ve
babanin biyo-cografik atalarini belirlemede 6nemli
olan Y-SNP'lerin kesfi YND teknolojisi sayesinde
artis gostermistir (41). Ayrica, SNP’ler bozulmus
orneklerde STR lokuslarindan daha iyi sonug
vermektedirler. n milyondan fazla Y kromozomu
niikleotidi 13 kusaktan beri ayn1 atay1 paylasan iki
erkek birey arasinda YND teknolojisi kullanilarak
karsilastirilmis ve ayni atasal soydan gelen bu iki
erkek birey arasinda dort genetik farklilik tespit
edilmistir. Bu farkliliklarmm YND ile elde edilen Y
kromozomu diziliminin ayni ebeveynden gelen
karisik erkek ornekleri arasmda ayrim yapma
sorununu ¢ozebilecegi rapor edilmistir (42).

Biiyiik  olgekli su¢ arastirmalarinda  Y-STR
profilleme ile adli pedigri aragtirmalarina ihtiyag
bulunmaktadir. Ciinkii yanhs eslestirilen birkag
lokusa sahip 2 Y-STR haplotipi oldugunda,
YSTR'lerin yiiksek mutasyon oranindan dolay:
onlarin ayni erkek soyundan olup olmadigim
belirlemek zordur. Qian vd. (2017) tarafindan
gerceklestirilen bir calismada arastiricilar YND
teknigi ile kapiller elektroforez ve pirodizileme
tekniklerini beraber kullanmiglardir ve bu iki
teknigin YND’ye eklendigini ifade etmek icin
“YND+"” terimi ile tanimlamislardir. Bu ¢alismada
Y kromozom belirtecleri “YND+" ile dizilenmistir.
Calismaninsonucunda adli pedigriarastirmalarinda
YND+ teknolojisinin devrim yaratacagi on
gorilmiistiir (43).

Kimerizm tespiti

Insan viicudunun her hiicresinde ayn1 DNA profili
bulunmaktadir. Fakat bazen ayni bedende farkl
DNA profiline sahip hiicreler bulunabilmektedir.
Bu durum kimerizm olarak adlandirilmaktadir.
Kimerizm genetik olarak stabil bir karisimdir (19).
Cogukimerikbireyinbazilokuslarindaikialeltasimasi
gerekirken {i¢ ya da dort alel tasidig1 rapor edilmistir.
Bu nedenle de ayni1 bedende farkli DNA profiline
sahip olan kimerik bireylerin adli rutin otozomal STR

analizleri ile kimliklendirilmesi olduk¢a sorunludur.
Boylece, ayni bedende farkli DNA profiline sahip
bir birey suglu oldugu halde serbest birakilabilir.
Ayrica kemik iligi nakli sonrasinda bir hasta kimerik
bir bireye doniigebilir. Yapay kimerizm olarak
adlandirilan bdyle durumlarda sug ile herhangi
bir baglantis1 olmadig1 halde birey suglu olarak
yargilanabilir. Kimerizm tespiti polimorfik genetik
belirtegler ve onlarin trtinlerindeki farkliliklarn
belirlenmesi ile gerceklestirilmektedir. Ancak bu
yontemlerle kimerik bireylerin ayirt edilmesinde
zorluklar yasanmaktadir. YND yo6ntemi, geleneksel
kapiller elektroforeze gore adli ve klinik 6rneklerde
kimerizm testi icin daha hassas, giivenilir, daha
fazla bilgi verici ayn1 anda daha biiyilk numune
gruplarinin ¢alistirilmasina izin veren, tekrarlanabilir
ve analiz siiresi ile maliyeti azalmis bir alternatif
olarak diistiniilmektedir (19, 44).

Mitokondriyal DNA analizleri
Insan hiicrelerinde c¢ekirdek icerisinde bulunan
genomik DNA disinda, mitokondriler igerisinde

ekstra  kromozomal  genetik materyal de
bulunmaktadir  (45). Bu genetik materyal
mitokondriyal DNA (mtDNA) olarak

adlandirilmaktadir. mtDNA kiigiik boyutlu olmasi,
dokudan dokuya sayismin degismesi, daha hizl
evrim gecirmesi, coklu kopya sayisi, anneden miras
olmasi, yiiksek mutasyon orani1 ve rekombinasyon
azhg gibi Ozellikleri nedeniyle diisiik miktarda
DNA iceren veya anne soyunun aragtirilmasi
gereken vakalarda yararh bir adli biyoloji aracidir
(2, 5, 7, 45, 46). Ornek miktarinin incelemeye izin
vermeyecek derecede az oldugu ve/veya niikleer
DNA 6rneginin asir1 derecede bozuldugu biyolojik
orneklerden mtDNA elde etme ve dolaysiyla
soy bagi hakkinda bilgi sahibi olma olasiligi daha
yliksektir (45,46). Ayrica, mtDNA analizleri, antik
DNA aragtirmalari, kayip sahislarin tespiti, afetlerde
viicut biitiinliigii bozulmus faili mechul bireylerin
kimliklendirilmesi, kriminal olaylara karismis
bireylerin kimliklendirilmesinde veya tek yumurta
ikizlerinin ayirt edilmesinde de kullanilmaktadir (2,
45, 46).

Adli mtDNA analizleri, giderek daha fazla kullanimi
ile bir¢cok iilkedeki adli arastirmacilar ve kolluk
kuvvetleri tarafindan tercih edilen bir yontem haline
gelmektedir. Otto-von-Guericke Universitesi Adli
Tip Enstitiisiinde (Almanya) gerceklestirilen bir
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calismada, arastirmacilar cilt hiicrelerinin asinmasi ya
da dokunmayla olusan izlerin adli mtDNA analizi ile
tiplendirilmesini amaglamislardir. Bu galismada bes
bogma aleti sorusturmasi, 10 atesli silah yaralanmasi
vakalar1 ve bir de intihar vakasinda arastirma
yapimistir. Calismanin sonucunda bogma aleti
olarak kullanildig1 belirlenen kablolarin tizerinde
hem magdurun hem de siiphelinin mtDNA'lar1
belirlenerek iki cinayet vakasi ¢oziilmiistiir. On atesli
silah yaralanmasi vakalarinin sekizinde yine mtDNA
analizleri ile silahlar ve kullaricilar1 giivenilir bir
sekilde eglestirilmistir. Ayrica silah kullanicilarinin
mtDNA’sinin  ateslemeden bile silah
kartuslarinda tespit edilebilecegi rapor edilmistir.
Son olarak intihar vakasinda ise intihar notundaki
silme izlerinde yapilan mtDNA analizi ile intihar
kanit1 saglanabilmistir (47). Savunma avukatlari
miivekkillerinin
olabilecek bir analiz olmasi nedeniyle mtDNA
analizini giderek daha fazla talep etmektedirler (2).

sonra

temize c¢ikarilmasma yardima

Bir hiicre, doku veya bireyde bir arada bulunabilen
farkli mitokondriyal genotipler, heteroplazmi
olarak tanimlanmaktadir (48). Insan mtDNA
heteroplazmisi yaygindir ve adli mtDNA analizinde
heteroplazminin tespiti Onemlidir (7). mtDNA
heteroplazmisi, adli
performansini etkileyen faktorlerden biridir (2).
Heteroplazmi mitokondriyal genom diizeyinde
de saptanmigtir (7). Mitokondriyal heteroplazmiyi
tespit etmek igin YND teknikleri kullaniminin
ylksek dogruluk ve hassasiyet, yiiksek verim,
diisiik maliyet ve basit operasyon gibi avantajlar
bulunmaktadar (7, 48).

mitokondriyal analizlerin

Dizi analizleri ile mtDNA’daki ¢ok degisken bolge
1 (Hypervariable Region 1, HVI) ve cok degisken
bolge 2 (Hypervariable Region 2, HVII) olarak
isimlendirilen, iki dizinin identifikasyon i¢in uygun
olduklar: tespit edilmistir (5). Giiniimiizde de
adli mtDNA analizleri ile genellikle cok degisken
bolgeler i¢indeki polimorfizmler analiz edilmektedir.
Ancak mtDNA’nin genetik bir haplotip belirteci
olarak kullanilabilmesi ve kimliklendirmenin ayirt
edici giicliniin arttirilmas:1 amaciyla ek polimorfik
lokuslarin belirlenmesi 6nem arz etmektedir. Bu
nedenle, YND teknolojilerinin mitokondriyal dizi
analizine biiyilik dlciide yardimci olma potansiyeli

bulunmaktadir (7).  Bulgularin  ¢ogunlukla

bozulmus olmasindan dolay:, kayip sahislarin
kimliklendirilmesinde mtDNA kullamilmaktadir.
Sanger dizileme ile karsilastirildiginda yeni nesil
dizileme teknolojilerinin basaris: artmaktadir ve bu
bagarili sonuglar kayip sahislarin kimliklendirilmesi
icin YND teknolojilerinin adli rutinde kullanilma
olasihigmi artiracaktir. MtDNA analizinde, DNA
fragmanlarinin kapiller elektroforez ile ayrildig:
Sanger sekanslama yontemi siklikla kullanilmaktadir
(49, 50). Yontem etkili olsa da emek, zaman ve maliyet
acisindan verimsizdir. Ayrica geleneksel yontem ¢ok
degisken bolge ve kontrol bolgesi ile smirhidir. Cok
degisken bolgelerde bireyler arasindaki gesitlilige
ragmen, ortak haplotiplerle karsilagildiginda, bu
yontem yine de farkli maternal soylar arasinda
ayrim yapmakta basarisiz olabilmektedir (51, 52).
Mitokondriyal genomun sekanslanmasina imkan
saglayan YND teknolojisi ile bu smurhlik agilabilir
(53).

Adli
analizlerinde

orneklerde gerceklestirilen mtDNA
heteroplazmi kontaminasyon
riskinin ¢ok yiiksek olmasi gibi sorunlara ragmen
calismalarinda mtDNA
dizi analizi karsilastirmalarmin giivenilir bir arag
oldugu kabul gormiistiir.
yapilacak daha fazla calismayla coziilebilecegi 6n
goriilmektedir. Ayrica mtDNA'min rutinde adli
amacl kullanulabilmesi igin belirli sayida 6rnek ile
bir referans veri tabani olusturulmasmin gerektigi
distiniilmektedir (45).

ve

insan kimliklendirme

Mevcut sorunlarin

Monozigotik ikizlerin ayirt edilmesi

Monozigotik (MZ) ikiz g¢alismalar1 adli bilimler
alaninda sicak bir konu olmaya devam etmektedir.
Her iki bireyde DNA dizisi tamamen aym
oldugundan, geleneksel genotipleme yaklasimlar:
olan STR, SNP, cinsiyet kromozomu STR analizleri
ile birbirlerinden ayirt edilememektedirler. Insan
mtDNA’sinin  yiiksek mutasyon orans,
SNP’lere sahip MZ ikizler arasinda ayrim yapmak
icin umut verici bir potansiyele sahiptir. YND
teknolojisi ile MZ ikizlerinin mtDNA genomlarindaki
kiiciik farkliliklar1 karakterize etmek miimkiindiir
(2). Weber-Lehmann vd. (2014) MZ ikizlerde
nadir mutasyonlarm YND ile tanimlanabildigini
belirtmislerdir. Boylece adli bir olayla (babalik
davalarivedigeradlivakalar)iliskiliMZ ikizlerin hizl
ve giivenilir bir sekilde ayirt edilmesi YND teknolojsi

nadir
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sayesinde miimkiin hale gelmistir (54). Yapilan baska
bir ¢galismada MZ ikiz baba adaylarindan hangisinin
baba oldugunu belirleyebilmek i¢in Illumina Hiseq
2000 sistemi kullanilmistir. Biyoinformatik analizler,
5 adet SNP’in baba ve ¢ocugunda oldugunu, fakat
babanin ikizinde olmadigini gostermis ve babalik
tayini yapilabilmistir (8).

Epigenetik

DNA dizisinde herhangi bir degisiklik olmaksizin
genin ifadesinde ortaya ¢ikan kalitsal degisiklikler
epigenetik olarak adlandirilmaktadir. Son yillarda
geligkili olgularin aydinlatilmasinda DNA profil
analizinin yan1 sira epigenetik profil arastirilmalar:
da dikkat ¢ekmektedir. Adli olgularin ¢oziimiinde
YND teknolojisi kullanilarak epigenetik belirtecler
belirlenmeye baslanmistir. Bu analizlerden elde
edilen sonuglarin tahmin kesinligi diigtiktiir ancak
analizlerin gelistirilebilecegi ©6n goriilmektedir.
Bu nedenle, adli bilimler alaninda yeni epigenetik
gostergelerin igin  kapsaml
arastirmalara ihtiyag duyulmaktadir (55).

belirlenebilmesi

DNA ornekleri iizerindeki epigenetik belirtegler
(DNA  metilasyon analizleri, —mikroRNAlar)
kisilerin yasam stilleri ve fenotipik 0zellikleri
(kisinin yas1, agirhigi, deri rengi, yiiz tipi ve viicut
sekli gibi) hakkinda bilgi vermektedir (18). Bu
nedenle de epigenetik analizler viicut sivilarinin
kimliklendirilmesinde ve diger adli uygulamalarda
olaylarm ¢6zlimii icin destekleyici bilgiler verebilme
potansiyelleri ile 5nem tagimaktadar.

DNA metilasyonu

En sik galisilan epigenetik mekanizma olan DNA
metilasyonu, adli agidan potansiyel olarak birgok
ipucu saglayabilecek bir analizdir (18). DNA
metilasyon profillemesi biyolojik sivi ve doku
orneklerinin belirlenmesinde, MZ ikizlerin ayurt
edilmesinde, DNA kimlik belirlemede, ve yas tayini
gibi adli uygulamalarda yeni analiz alternatifleri
sunmaktadir. Bircok c¢alismada DNA metilasyon
analizlerinin diigiik miktarda ornek varliginda
bile tekrarlanabilir ve gilivenilir sonuglarin elde
edilmesini sagladig1 gosterilmistir (55).

Adli yas
analizleri oldukca Onemli bir konudur. Yapilan

kimliklendirme tahmin

yapilirken

bir c¢alismada kisinin profilinin
zamanla degistigi icin metilasyon analizlerinin yas
tahmininde kullanilabilecegi belirtilmistir (56). DNA
metilasyonu dokuya ozgiidiir. Doku veya viicut
stvilarma ait DNA'larin genom boyunca metilasyon
bolgeleri dizilenerek yas tahmini yapilabilmektedir
(57). Yapilan bir ¢alismada kan 6rneginden DNA
metilasyon modellerini kullanarak yasin hassas ve
dogru tahminini gergeklestirilmesi amaglanmistir.
Bu amagcla segilen 16 CpG bolgesinin metilasyon
durumlarin1  6lgmek ic¢in Ilumina MiSeq YND
sistemi kullanilmistir. Elde edilen sonuglarin tahmin
kesinligi diisitk olarak rapor edilmistir ancak
analizlerin gelistirilebilecegi vurgulanmistir (8).

metilasyon

Li vd. (2013) 22 MZ ikizden 27.578 CpG alanindaki
DNA metilasyon durumunu igin
Ilumina Insan Metilasyon Boncuk Cip teknolojisini
kullanmistir ve MZ ikizler arasinda ayrim yapmayi
amaglayan epigenetik c¢alismalar igin potansiyel
hedef olan onemli ol¢iide metillenmis 92 CpG
bolgesini filtrelemislerdir (58). Yapilan calismalar
YND teknolojisine dayali epigenetik yaklagimlarin
MZ ikizlerinin tanimlanmasinda adli tipta oldukga
uygulanabilir  olmasmmin  muhtemel oldugunu
gostermektedir. Adli bilimlerde kullanilmaya
baslanan epigenetik belirtecler MZ ikizleri ayirt
etmek, doku tipini tahmin etmek ve bir DNA
dondriiniin yasini dogru bir sekilde belirlemek icin
adli arastirmalarda kullanilabilir (8).

incelemek

Mikro RNA analizleri

MikroRNA  (miRNA)lar, yaklastk 20-24
uzunlugunda olan kisa kodlanmayan RNA’lardir.
Bu kiiciik kodlanmayan RNA’lar, DNA kodunu
degistirmeksizin gen ifadesinin diizenlenmesinde
onemli rollere sahiptir ve bir¢ok hiicresel isleyiste
diizenleyici olarak gorev alirlar (59, 60). MiRNAlar
dokuya 0Ozgii her dokuda
farkli gen ifadesine sahiptirler (7). Dokuya 06zgii
sentezlenmelerinedeniyle doku tiirtiniin belirlenmesi
veviicut parcalarinin kimliklendirilebilmesine olanak
saglarlar. Ayrica miRNA’lar kiigiik boyutta olmalar:
nedeniyle degredasyona daha direnglidir. miRNAlar
bu 6zellikleri sayesinde bozulmus numuneler veya
karismis biyolojik sivilarin ayirt edilmesinde degerli
biyobelirteglerdir (8). Adlibir olayda siipheli-magdur
ve olay yeri arasindaki baglantinin tespitinde ve

nt

sentezlenirler ve
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olaylarin meydana gelis sirasinin belirlenmesinde,
olay yerinden elde edilen viicut sivisin dogru
tanimlanmast  ve  kimliklendirilmesi  oldukca
onemlidir. Giincel calismalar en cok miRNA ile viicut
sivisl tanimlamasina odaklanmistir. MiRNA'lar adli
aragtirmalarda geleneksel yoOntemlerin yani sira
oldukca destekleyici ve bilgi saglayici belirtegler
olabilirler. Ozellikle geleneksel yéntemlerle elde
edilen sonuclarin yetersiz oldugu durumlarda,
gelecekte miRNA biyobelirteclerinin kullanilmasiyla
dogru sonuglar elde edilebilir (61). MiRNA'lar adli
biyobelirtecler olarak heniiz rutin adli analizlerde
kullanilamamaktadir. Gelecekte yapilacak kapsamli
calismalar ile miRNA’larin adli biyobelirte¢ olma
potansiyelleri bulunmaktadir (62).

YND son yillarda miRNA profilleme igin ilgi ceken
bir metot olmugtur. YND teknolojisini kullanarak,
milyonlarca miRNA dizisi analiz edilebilir. MiRNA
profilleme ile arastirilan Ornekteki farkli miRNA
ifadelerinin belirlenmesi ve islevi bilinmeyen bir
¢ok miRNA'nin kesfedilmesi miimkiindiir. YND
ile miRNA profilleme viicut sivi ve dokularmnin
tanimlanmasi, 6lim zamanimn belirlenmesi (PMI,
Post Mortem Interval), biyolojik lekelerde yas tayini,
normal ve patolojik gen ekspresyonlar1 arasmdaki
farkin ortaya ¢ikarilmas: da dahil olmak {izere adli
analizler icin de giiclii bir ara¢ olma potansiyeline
sahiptir (8,63,64). Hanson vd. (2015) tarafindan
gerceklestirilen bir calismada, adli aragtirmalarda
biyolojik siv1 ve dokularin tamimlanabilmeleri igin
YND teknolojisi ile multipleks miRNA biyobelirteg
paneli olusturulmasi amaglanmistir. YND temelli
bu panel tiikiiriik, kan, semen, vajinal sekresyonlar,
menstrual kan, deri vb. 6rneklere spesifik ¢ok sayida
gen bolgelerini icermektedir. Calismanin sonucunda
YND'nin  viicut sivilarmin  tamumlanmasinda
hassas bir teknik oldugu ve gelecekte bir DNA
profilinin belirli bir viicut sivis1t veya dokusuyla
iliskilendirilmesine temel olusturabilecegi rapor
edilmistir (11). Ozellikle cinsel saldir1 vakalarinda
bilgi veren vajinal sekresyonun tanimlanmasi ve
menstrual kan/venoz kan ayrimimnda miRNA'larin
kullanim potansiyellerinin arastirilmasi, viicut sivisi
kimliklendirilmesialaninda yapilan ¢alismalardandir
(61). I¢ organ dokusunun magdurdan faile, sug
aletine ya da olay yerine aktarilabilme olasilig:
bulunmaktadir. Bu nedenle miRNA’lar ile organ
dokusunun tanimlanmasi 6zellikle siddet igerikli

suglarim arastirilmasida énemli rol oynayabilir (61).
Tam vd.nin (2014) ¢calismasinda hem dondurulmus
hem de parafine gomiilii dokulardan YND ile
yliksek dogruluk ve hassasiyette miRNA profilleme
yapilabilecegi gosterilmistir (65). Noren-Hooten
vd. (2010) hem geng (yaklasik 30 yasinda) hem de
yash (yaklasik 64 yasinda) olan calisma grubunda
800 miRNAnin profilini ortaya ¢ikarmislardir. Bu
calismanin sonucunda yasla birlikte miRNA'larin
¢ogunlugunun ekspresyonlarimin azaldigr rapor
edilmis ve miRNA ekspresyon degisikliklerinin
dondr yasmin bir indikatdrii olma potansiyeline sahip
olabilecekleri ve adli kimliklendirmede destekleyici
bilgiler verebilecekleri gosterilmistir (66).

MiRNA analizlerinde bazi1 zorluklar bulunmaktadir.
miRNA  ekspresyonu  sicaklik, dehidrasyon,
radyasyon ve diger faktorlerden etkilenebilmektedir
(62). Her adli analizde oldugu gibi bozunmus ve/
veya karigtk numuneler miRNA analizinde de
en zorlu konudur. Organ hasarlar1 sonucunda
miRNA’larda diizensizlikler meydana gelebilir.
DNA hasari, transkripsiyonel seviyede miRNA
ifadesini degistirebilir. Bugiine kadar DNA hasarinin
miRNA gen ifadeleri {izerine etkisi hakkinda
yeterince bilgi elde edilememistir (61). YND ile
miRNA’larin analizlerinde bir baska zorluk YND
teknolojisinin geleneksel ydntemlere goére daha
maliyetli olmasidir. Maliyet sorununa paralel olarak
RNA profilleme konusundaki uzmanhik DNA
profillemeye gore yetersizdir. Gliniimiizde miRNA
ekspresyonlarmin belirlenmesinde yaygmn olarak
Real-Time PCR (RT-qPCR) kullanilmaktadir ancak
uygun kosullar saglandiginda bu yontemin yerini
YND teknolojileri alabilecektir. Birgok miRNAnin
islevi heniiz kesfedilmemistir ve bu konuda YND
teknolojisi faydali olabilir. Sonug olarak, adli miRNA
analizi hentiz baslangic asamasindadir. miRNA
tabanli yontemlerin adli rutinde uygulanabilmesi i¢in
calismay1 engelleyen potansiyel zorluklarin ortadan
kaldirilmasi ve daha fazla dogru standardizasyon ve
validasyon ¢alismalarinin yapilmasi gerekmektedir.

Mikrobiyota analizleri
Mikrobiyota

ekosistemlerde
tamamin ifade etmektedir. Bu mikroorganizmalarin
genomu ise ““mikrobiyom” olarak adlandirilmaktadir
(67). Adli 6rneklerden mikrobiyomun belirlenmesi

farkla
mikroorganizmalarin

terimi, insan viicudunda

bulunan
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kisinin son faaliyetlerini, 6liim sonras1 gecen zamani
ve cografi konumunu belirlemede yardimc: olabilir
(9,10). Insan mikrobiyom projesi (2012) ile bir
bireyin viicudunun belirli bélgelerindeki mikrobiyal
gesitliligin bireyler arasinda benzer oldugu ortaya
¢ikmustir. Bu sayede elde edilen bir 6rnegin kaynagin
belirlemek miimkiin olabilir (9).

Insanlar  bireysel  olarak  benzersiz  cilt
mikrobiyotasina  ev  sahipligi =~ yapmaktadir
ve  mikrobiyom izleri deriden yiizeylere

aktarilabilmektedir. Ancak parmak izinden farkl
olarak hem konakc¢ida hem de yiizeylerde kalan
mikrobiyal izler zamanla degismektedir. Bu nedenle
de mikrobiyom izleri potansiyel adli degere sahip
olsa da adli kimliklendirme amacl kullanilmasinda
halen bir c¢ok zorluk bulunmaktadir (68).
Kimliklendirme amaciyla insan mikrobiyomunda
ozellikle deri mikrobiyotas1 dikkat g¢ekmektedir.
2020 yilinda yapilan bir ¢alismada insan kimlik
tespitinde Corynebacterium, Propionibacterium ve
Rothia cinslerine ait 22 tiirtin cilt mikrobiyotasina
gore %92 dogrulukla kisinin kimliklendirilmesinde
kullanilabilecegi rapor edilmistir (69). Yapilan diger
calismalar ise insan derisi mikrobiyomundaki giinliik
degisimin, mikrobiyomdan bireyleri tanimlamada
dogrulugu azaltabilecegini gostermistir (68, 70).
Dolayisiyla viicut yilizey mikrobiyomunun bireysel
karekterizasyonu igin gen seviyesinde daha fazla
¢alismaya ihtiya¢ bulunmaktadir (70).

Mikrobiyota analizleri, YND ile yapilabilecek
adli uygulamalardan bir digeridir. YND, adli
veya epidemiyolojik arastirmalar icin mikrobiyal
patojenlerin  tiplendirilmesinde tiim  genomu
hizli, hassas ve oldukga giivenilir bir sekilde
dizileyebilmektedir. YND ile herhangi bir érnekteki
farkli bakteriyel takson ve suslar1 belirleyerek
mevcut mikrobiyal popiilasyonu belirlemek olasidir
(71). Benschop vd. (2012) tarafindan adli 6rneklerde
mikroplarin vajinal kokeni gosterip gostermedigini
arastirmak amaciyla yapilan bir c¢alismada, 240
klinik servikal swap 6rnegi kullanilarak YND teknigi
ile vajinal mikrobiyal flora analizi yapilmistir.
Bu calismada arastiricilar 338,184 dizi okumasi
sonucunda 1,619 farkl dizi tespit etmislerdir ve adli
arastirmalarda insan vajinal mikrobiyal floranin
YND teknigi ile belirlenebilecegi konusunda
fikir saglamislardir (72). YND teknolojisi ile elde

edilecek yiiksek kaliteli bir adli mikrobiyal veri
tabaninin biyolojik teror olaylarinin hizli ve dogru
bir sekilde tespit edilmesine yardimci olabilecegi
dustintilmektedir (7).

Hayvan ve bitki tiirlerinin tayini

Adli bir olayda hayvana ait biyolojik materyal (kan,
salya, kil gibi) saldirgan/magdur {izerinde tespit
edilebilmekte veya saldirgan/magdura ait deliller
hayvana ait biyolojik materyalde saptanabilmektedir
(73). Niikleer DNA ve mtDNA {izerindeki molekiiler
belirtecler ve molekiiler teknolojiler kullanilarak
hayvanlarin kimliklendirilmesi yapilabilmektedir
(74). 2004 yilinda ABD'nin Missouri eyaletinde
gerceklesen bir cinayet vakasmin ¢oziimiinde evde
bulunan kediler iizerinde gerceklestirilen mtDNA
analizinden yararlanilmistir (75).

Kacak hayvan avlama vakalar1 ve nesli
tilkkenmekte olan tiirlerin ticaretini arastiran polis
sorusturmalarinda hayvan ve bitki analizleri 6nemli
bilgiler saglamaktadir. Gida endiistrisinde satisa
sunulan etlerin hangi hayvan tiirtine ait olduklarinin
belirlenmesi yine hayvan DNA analizleri ile
(76).
insan  kalintilarmin, olmayan
kalmtilardan ayirt edilebilmesi icin de hayvan

analizlerinden yararlanilmaktadir (77).

miimkiindiir Ayrica arkeolojik kazilarda

bulunan insan

Tiir belirlemeye yonelik ¢ogu DNA tipleme
yontemi su anda tek tiir igin tiire 6zgli primerlerin
kullanildigr PCR amplifikasyonuna dayanmaktadir.
Ancak primer bir tiir bilgisinin olmadigi durumlarda
tiir tayini yapmak zordur (78, 79). Adli bilimciler bu
durumla siklikla karsi karsiya kalmaktadir. YND
teknolojisinin gelisimi ile gerceklestirilen bircok
calismada tiirlerin DNA dizileri belirlenmistir (7).
YND teknolojisinin adli bilimlerde kullanimi ile
hayvan ve bitki tiirlerinin tayini ¢ok daha kolay ve
hizl bir sekilde gergeklestirilebilir. Cheng vd. (2014)
tarafindan gerceklestirilen bir c¢alismada, YND
yontemiyle bitkiler ve hayvanlar uygun maliyetli ve
basarili bir sekilde tanimlanmuistir (80).

Soy calismalari ve fenotipik ¢cikarimlar

Arkeolojik kazilardan elde edilen ileri derecede
bozulmus ve analizi zor 6rneklerde, YND teknolojisi
ile biyolojik 6rnege ait DNA dizilenerek soy ve

fenotipik ¢ikarimlar yapilabilmesi miimkiindiir
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(7). Insan genomuna ait bilgiler etnik koken gibi
kisisel Ozellikler, fiziksel ve fizyolojik Ozellikler
ve yas hakkinda fikir verebilir (2,7). STR’ler ve
SNP’ler, adli kimliklendirme ve soy tayininde
yaygin olarak kullanilmaktadir. Ornegin 2004
Madrid tren bombalamalarinda, siiphelilerin kaynak
popiilasyonu, popiilasyonun atalariyla ilgili 34
otozomal SNP kullanilarak cikarilmistir (81). Diger
calismalar SNP’lerin %90 dogrulukla iris ve sag
renkleriyle yakindan iliskili oldugunu bildirmistir (7).

Bir bireyin fiziksel goriiniisiinii tahmin etmekte
kullanilan ve belirli fiziksel 6zelliklerle iliskili SNP’ler
fenotipik bilgilendirici SNP (phenotype informative)
olarak isimlendirilir. Bir bireyin dis goriiniisiiniin
SNP’leri kulllanarak belirlenmesi ise adli DNA
fenotipleme olarak tanimlanmaktadar (82). SNP’lerin
STR’lere gore boyutlar: daha kisa, mutasyon oranlari
daha diisiik ve analizlerinin yorumlanmasi daha
kolaydir. Mutasyon oranlarinin  diigiik  olmasi
sayesinde SNP’ler nesiller boyunca sabit olarak
kalitilir. Bu oOzellikleri sebebiyle atasal iliskiler ve
fenotip tahmin calismalarinda uygun belirtecler
haline gelmislerdir (83). Tiim genom analizi
calismalariyla (GWAS) birlikte SNP’ler kullanilarak
genis popiilasyonlarda belirli fenotipik o©zellikler
tespit edilebilir hale gelmistir. Fakat GWAS'ta
¢oklu analiz (multiple testing) ve popiilasyon yapisi
(population stratification) nedeniyle yanlhs tahmin
ihtimali bulunmaktadir (84,85). GWAS disinda,
belirli fenotipik 6zellikleri belirlemeye yonelik kitler
de gelistirilmigtir. G6z renginin (mavi/kahverengi)
belirlenmesi igin 6 SNP’i hedefleyen Iris Plex ¢oklu
genotipleme assayi bunlardan biridir (86). Iris
Plex'in gelistirilmesiyle hem goz rengi hem de
sa¢ rengi tahmininde kullanilan HIrisPlex assayi
iiretilmistir (87). Bu iki assayin ve YND teknolojisinin
birlestirilmesi ile sag, gz ve ten rengi tespitinde
kullanilan HIrisPlex- S sistemi de gelistirilmistir (88).

Fenotipik 6zelliklerin bircogu ¢coklu genler tarafindan
kontrol edilir. Bu nedenle, ¢ok sayida SNP’in es
zamanli olarak analiz edilmesi gerekmektedir.
SNP’lerin ¢ogunlukla bialelik olmasi nedeniyle
ayrim giicli multialelik olan STR’lerden daha azdur.
50 SNP ancak 13 STR kadar bilgi verici olabilir;
tek STR'min ayrim giicii 4-5 SNP’e esdegerdir
(89,90). Fenotipik 6zeliklerin hem genotip hem de
gevresel faktorlerden etkilenmesi nedeniyle adli

DNA fenotiplemenin smirhiliklar1 bulunmaktadir.
Ornegin erkeklerde kellik ya da agik tenli birisinin
bronzlasmasi kisinin bugtinkii goriiniisiiniin genotip
yoluyla belirlenmesinde engel teskil edebilmektedir
91).

[llumina ve Verogen tarafindan MiSeq FGx sistemiyle
birlikte calisacak adli amach kitler tasarlanmustir.
Bunlardan ForenSeq DNA Signature Pret Kkit,
iginde 22 fenotipik SNP’i de iceren 231 belirteci es
zamanli olarak analiz etme imkani sunmaktadir.
Akrabalik  calismalarma  yonelik  gelistirilen
ForenSeq Kintelligence kit de, yine 22 fenotipik SNP
ile birlikte 165 belirteci es zamanli olarak analiz
edebilmektedir. YND teknolojileri artmis hassasiyet,
yliksek verim ve ¢oklu belirtecleri es zamanli olarak
analiz etme gibi avantajlara sahiptir (92). Fenotipik
calismalar genellikle geleneksel STR analizi sonrasi
yapimaktadir. Bu nedenle, fenotipik c¢alismalarda
kullanmak i¢in az miktarda 6rnek kalmaktadir. YND
teknolojilerinin 6nemli avantajlarindan biri, ok
sayida belirteci az miktardaki biyolojik drnekten eg
zamanli analiz edebilmesidir (93).

YND teknolojisi ile sadece STR profilleme igin

tekrar sayilarmin analizi yapilmamakta aym
zamanda SNP’lerin analizi ile fenotip ve atasoy da
belirlenebilmektedir (16). Yakin zamanda gelistirilen
kitler ve paneller ile cok sayida SNP, YND teknolojisi
ile analiz edilebilmekte ve edinilen bu bilgi adli
(FIGG: forensic

genetic genealogy) analizlerinin genetik bilesenini

arastirmact  soy investigative
olusturarak bu alanda bilgi patlamasmna katkida
bulunmaktadir. SNP'leri kullanan FIGG ile akrabalik
gibi biyolojik iligkiler yaklasik 9 jenerasyona kadar
¢oziilebilmekte ve bu yogun bir SNP verisinin
kullanimryla miimkiin olmaktadir (94).

YENi NESIL DIiZILEME TEKNOLOJiSiNiN
DEZAVANTAJLARI

Mevcut adli analizleri destekleyebilecek {istiinliiklere
sahip olan YND teknolojilerinin laboratuvar
uygulamalarinda bazi zorluklar yasanmaktadir.
Validasyonu saglanmis gii¢lii kitlerin olmamasi,
ekipman maliyetleri, validasyon ve optimizasyon
calismalari, kiitliphanelerin hazirlanmasi, hata oran,
veri isleme ve analiz siirecleri, analistlerin egitimi
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ve ayrica STR lokuslarinin yeniden isimlendirilmesi
gibi zorluklar YND yonteminin adli arastirmalarda
kullanilmasini sinirlandirabilmektedir. Bu
yontemle c¢alismanin kolaylasmasi igin ydntemin
maliyetinin giderek diigiiriilmesi ve otomasyonun
YND yo6ntemine uyarlanmas: gerekmektedir. Hem
arastirmacilarin hem de ticari firmalarin YND
yontemi ile ilgili yapacaklar1 Ar-Ge calismalari
YND yonteminin adli bilim laboratuvarlarinda daha
siklikla kullanilmasina olanak saglayacaktir (8, 95).

SONUC
DNA profilleme, adli kimliklendirme
arastirmalarinda en fazla kullanilan en giivenilir
yontemlerden biridir (96). Bu amagla tim

diinyada kullanilan altin standart otozomal STR
analizleridir. Baz1 zor vakalarda X-STR ve Y-STR
analizleri ya da mtDNA analizlerinin yapilmas: da
gerekebilmektedir. Adli biyoloji laboratuvarlarinda
adli vakalarin c¢odzlime wulastirilmas: igin viicut
sivilart da kimliklendirilebilmektedir. Bu amacla
son yillarda epigenetik degisikliklerin analizi
giindeme oturmustur. Tiim bu analizlerin yetersiz
kalabildigi adli vakalar da olabilmektedir. Bu tiir
vakalarin aydinlatilmasinda YND teknolojilerinin
kullanilabilecegi uzman adli bilimciler tarafindan
kabul goérmiistiir. Bu nedenle de, son yillarda
hizla gelismis ve bir¢ok adli arastirmaci igin ceza
sorusturmalarinda fail ya da magdurun DNA
profilinin ¢ikarilmas1 ve kayip kisilerin ya da toplu
afet kurbanlarmin kimliklendirilme islemlerinde
onemli bir analitik ara¢ haline gelmistir (8,11).

Yeni nesil dizileme ile kisilere ait tiim genom
dizilimleri ortaya cikarilip kayit altina alinarak,
olusturulan genom bankalar1 adli kimliklendirme
amaciyla kullanilabilir. Toplu can kayiplarinin
yasandig1 ve kimliklendirme ¢alismalarinin ¢ok hizl
yapilmasi gerektigi afetlerde YND teknolojileri ile
hizli sonug elde edilebilir. Kimliklendirme i¢in adli
bir veri tabani olusturmamizi saglayacak bu teknik,
gelecekte molekiiler bir gorgii tanig1 olarak hizmet
verebilir. Tek bir testle tiim genom veya tiim ekzonlar:
dizileyerek arastiricilara genetik varyasyonlarm tiim
araligini inceleme olanagi saglayan bu teknoloji, adli
bir olayin ¢oziimlenmesinde giiclii bir arag¢ olarak
kullanilabilir.

YND teknolojisi daha hizli ve kolay uygulanabilen
ozellikleriyle klasik Sanger’den daha yiiksek verim
kapasitesine sahiptir (12,46). Yeni nesil dizileme
teknolojisinin en biiyiik avantajlarindan biri, hem
otozomal hem de cinsiyet kromozomlar: tizerindeki
birden fazla STR lokusunun eszamanli tespitini,
mitokondriyal genom polimorfizmlerinin analizini
ve adli sorusturmalar icin 6énemli bilgiler saglayan
soy, fiziksel ve psikolojik 6zelliklerle ilgili SNP’lerin
tek bir testle tanimlanmasini miimkiin hale getiriyor
olmasidir (7). Ayrica, insan genomunda sik ve
nadir goriilen varyasyonlarin degerlendirilmesi de
YND teknolojileri ile miimkiin hale gelmektedir
(22).  Sonug¢ olarak, YND teknolojilerinin
belirtilen tstiinliikleri ile rutin analiz yapilan adli
laboratuvarlarda kapiller elektroforez temelli STR
analizlerini destekleyebilecek giiclii bir teknoloji
oldugu diistintilmektedir (8).
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