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Abstract

Forensic dentistry,; It is a branch of dentistry that supports justice in terms of identification and
evidence determination, age and gender determination, and medical legal obligations of dentists by evaluating
dental findings in forensic events. Teeth and their structural features; mechanical chemical etc. The fact that
it has different resistance to stimuli and time and that other oral cavity structures are unique to the individual

has increased the importance of these data.

In forensic dentistry, the methods used in identification and information gathering techniques have
undergone significant changes over the years. The size of the dental arch and the shape of the jaw arch are
determined with dental radiographs (Radiovisiograph, etc.) taken using comparative or reconstructive
methods; Bite mark analysis also provides useful results by looking at the shape of the teeth alignment. DNA
analysis using oral tissues in cases where known identification methods fail due to trauma and deterioration;
Methods such as determining age by using dental tissues (mineralization, hard tissue calcification, apex status)
and gender determination by looking at the characteristic features of the jaw and teeth have also been

developed.

In addition to these methods, rugoscopy, lip print analysis, digital reconstruction, use of prosthetic ID

(barcodes, microchips) are innovations that have joined the forensic dentistry.

Artificial intelligence-based deep learning methods, which have been developing day by day, have
started to be used in the solution of many problems in forensic dentistry today. The purpose of these developing
methods is to automate the work done by people today, and to reduce the margin of error in the decision
phase as it includes features that cannot be distinguished with the human eye on the data.

Physicians should know dental identification techniques and be aware that dental and oral structures
will be used in forensic dentistry. Therefore, the dental records of the patients should be preserved, archived
and accessible in accordance with international standards, and a database should be prepared to ensure that

identification is fast and easy.

The aim of this review is to evaluate the newly developed methods of digital tooth reconstruction,
prosthesis ID and artificial intelligence use in the light of current literature, as well as the old methods used in

forensic dentistry.

Keywords: Identification, Age Determination, Gender Determination, Artificial Intelligence, Digital Tooth

Reconstruction.
Ozet

Adli dis hekimligi; adli olaylarda dental bulgulari degerlendirerek kimliklendirme, delil tespiti, yas ve
cinsiyet tayini, dis hekimlerinin tibbi agidan hukuki ylkdmlilikleri konusunda adalete destek olan dis
hekimliginin bir dalidir. Dislerin ve yapisal ézelliklerinin; mekanik kimyasal vb. uyaranlara ve zamana karsi
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dayaniklihginin farkli olmasi ve diger oral kavite yapilarinin da bireye &6zglin olmasi bu verilerin 6nemini

arttirmistir.

Adli dis hekimliginde, kimliklendirmede kullanilan yéntemler ve bilgi toplama teknikleri yillar icinde
kayda deger degdisimler gecirmistir. Karsilastirmali veya rekonstriiktif yéntem kullanilarak alinan dental
radyograflar (Radiovisiograf vb.) ile dis arkinin boyutu, cene kavsinin sekli belirlenmektedir; dis dizilim sekline
bakilarak isirik izi analizleri de faydall sonuglar vermektedir. Travma ve bozulmalardan dolay! bilinen kimlik
tayin etme metotlarinin basarisiz oldugu durumlarda oral dokular kullanilarak yapilan DNA analizleri; dental
dokular (mineralizasyon, sert doku kalsifikasyonu, apeks durumu) kullanilarak yasin belirlenmesi; ayrica, cene

ve dislerin karakteristik 6zelliklerine bakilarak yapilan cinsiyet belirleme gibi yéntemler de gelistirilmistir.

Bu yéntemlere ek olarak; rugoskopi, dudak izi analizi, dijital dis rekonstriiksiyon, protez ID (barkodlar,

mikrogipler) kullanimi adli dis hekimligine katilmis yeniliklerdir.

Son zamanlarda giinden gline gelisen yapay zeka temelli derin éGrenme ydntemleri, giinimizde adli
dis hekimliginde bir ¢cok problemin c¢éziimiinde kullaniimaya baslanmistir. Bu gelisen ydntemlerin amaci
giinimdzde insanlar tarafindan yapilan isleri otomatiklestirmek, veri lizerinde insan gézu ile ayirt edilemeyecek

ozellikleri de arastirmaya dahil ettigi icin karar asamasinda hata payini azaltmaktadir.

Hekimler dental kimliklendirme tekniklerini bilmeli, dental ve oral yapilarin adli dis hekimliginde
kullanilabileceginin bilincinde olmalidir. Bu ylizden hastalarin dental kayitlari uluslararasi standartlarin belirttigi
sekilde muhafaza edilmeli, arsivienmeli, ulasilabilir olmali, veri bankasi hazirlanarak kimlik tespitinin hizli ve

kolay olmasi saglanmalidir.

Bu derlemede, adli dis hekimliginde kullaniimakta olan eski metotlarin yaninda yeni gelistirilen dijital
dis rekonstriiksiyonu, protez ID ve yapay zeka kullanimi ydntemlerinin glncel literatir esliginde

dederlendirilmesi amaglanmaktadir.

Anahtar Kelimeler: Kimliklendirme, Yas Belirleme, Cinsiyet Belirleme, Yapay Zeka, Dijital Dis
Rekonstriiksiyonu.
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OVERVIEW / GENEL BAKIS

Adli olaylarda dental bulgulari inceleyip, yorumlayarak kimliklendirme, delil tespiti, cinsiyet ve
yas tayini yapan, dis hekimlerinin tibbi acidan hukuksal ylikimlulikleri olan konularda adalete katkisi

bulunan dis hekimliginin énemli bir dahdir (1,2).
Adli dis hekimliginin ilgilendigi baslica konular arasinda;
e Disler, ceneler ve oral yumusak doku yaralanmalarinin incelenmesi ve yorumlanmasi,
e Adli olaylarda ve kitlesel afetlerdeki kazazedelerde yapilan bireysel kimliklendirme,
e Disler ve cene yapilari analiz edilerek yas, Irk ve cinsiyet tespiti,

e Cinsel saldin, gocuk istismari vakalari ve sahislara karsi yapilan saldirilar gibi olaylarda
meydana gelen isirik izlerinin kontrol edilmesi, tanimlanmasi ve yorumlanmasi bulunurken, kullanilan

yontemler ve bilgi toplama teknikleri yillar icinde kayda deder dedisimler gegirmistir (3,4).

Daha 6nce kullanilan yontemlere ilave olarak; dental radyograflar, isirik izi incelemeleri, oral
dokular kullanilarak yapilan DNA analizleri ve rugoskopi gibi yeni metotlar da gelistirilmistir. Ayni
zamanda dijital rekonstriiksiyon, protez ID ve yapay zeka kullanimi adli dis hekimligine yeni bir boyut

kazandirmistir (3,4).
TARIHCE

Dislerin kimliklendirme isleminde yardimci olarak kullaniimasi disitncesi, ilk kez 1887 yilinda
ortaya atilmis ve Paris'teki Odontoloji Cemiyeti'nin toplantisinda kabul edilerek uygulanmaya
baslanmistir (5). Dis hekimligi tarihinde dislerle ilk kimliklendirmeyi 1775 yilinda gergeklestiren dis

hekiminin Paul Revere oldugu belirtiimektedir (6).
Adli Dis Hekimliginde Kullanilan Geleneksel Yontemler
1-Dental Radyograflar

Dental radyograflarin kaydedilip saklanmasi, adli dis hekimliginde kimliklendirme icin 6nemli
bilgiler icermektedir. Adli dis hekimliginde dental radyograflar, 6limden sonra kisiden alinan
radyograflar ile 6limden ©6nce alinan radyograflarin kiyasini iceren karsilastirmali yontem ve
radyografik goérinttlerin farkh kesitleri kullanilarak biyolojik profilin olusturulmasinin saglandigi
rekonstriktif yontem olmak (zere ikiye ayriir (7). Karsilastirmali yontem glnimizde cesetler

Uzerinde siklikla uygulanan bir yontemdir. Bu yontemlerle dederlendirme yapilirken disin ve kokin

| B
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sekli, eksik ve kirik disin olup olmamasi, siperntimerer dislerin varhidi, atrizyon ve abrazyonun olup
olmamasi, periodontal hastalik nedeniyle kemik rezorpsiyonu varligi, kemik patolojisi, diastema, gurik
varligi, endodontik tedavi, intraradiktiler ve intrakoronal post varligini da iceren ¢ok sayida parametre

gdz 6nline alinmaktadir (8).

Radiovisiograf (RVG) dijital gorintileme yontemlerinden biridir. Bu yontemle film gekimi olarak
bilinen eski sistem rontgen yerine, elektronik sensorler araciligi ile dijital filmler cekilmektedir. RVG
gibi dijital goruntileme teknikleri antemortem ve postmortem goérintllerde dis kdklerinin ve onlara
destek olan cevre dokularin dodgru bir sekilde konumsal incelemelerini yapmay! saglar (9).
Gorilntdlerin aktarilmasi, dondirilmesi, dlgeklendirilmesine yardimci olan bu metot, antemortem ve
postmortem radyograflar arasindaki benzerligi tespit ederek kimlik tespitinde gok bulytk kolayhk
sadlar (10). Bu radyolojik yontemlerle elde edilen dental verilerin kullanilmasi adli dis hekimligine

onemli katkilar saglamaktadir.
2-Dental Dokular Kullanilarak Yapilan DNA analizi

Dental dokular kullanilarak yapilan DNA analizi adli dis hekimligi alaninda siklikla kullanilan
tekniklerden biridir. Bu yontem, travma ve bozulmalardan dolayi kimlik tespitinin basarisiz oldugu
vakalarda énemli bir rol oynamaktadir. Dislerin sert yapisal 6zelliklerinden dolayr mekanik, kimyasal,
fiziksel etkilere ve zamana karsi oldukca dayanikli olmasi icerisinde bulunan dis pulpasinin korunmasini
saglamaktadir (11). Dis pulpasi, nikleer ve mitokondriyal DNA acisindan zengin kaynak igerdigi icin
polimeraz zincir reaksiyonuna (PCR) cok dederli bilgiler saglamaktadir. Yapilan calismalar disin
minesinin yeterli seviyede DNA igerdigi, dentinin mitokondrial DNA ve kokunlin nlkleer DNA
bakimindan zengin oldugunu ortaya koymustur (12). ihmal edilebilir miktarda kaynak materyalden
bile belirli bir DNA dizisinin enzimatik cogaltilmasina izin veren polimeraz zincir reaksiyonunun (PCR)
ortaya cikmasiyla, oral dokular kullanilarak yapilan DNA analizi giderek daha sik kullaniimaya

baslanmistir (13).
3-Dental Dokular Kullanilarak Yas Belirleme

Adli olaylarin agida kavusmasinda yas tahmini yapilmasi, 6zellikle suglu ve maddurun ortaya
citkmasi agisindan oldukca énemlidir. Ister canl ister 61l olsun, bireylerin yas tespitinde kullanilan en
sik yontemlerin basinda kemik ve dis gelisiminin incelenip dedgerlendirilmesi gelmektedir. Dislerin yas
tahmininde kullanilmalarinin en énemli sebebi viicudun en sert yapilari olmasi, dis etkenlere dayanikli
olmasi ve sistemik hastaliklardan fazla etkilenmemesidir. St ve daimi disler, bireyin kronolojik yasi
ile yakin iliski icinde dizenli bir periyotta cikmaktadir. Bu periyotlarda klinik, radyografik, histolojik ve
fiziksel analiz metodlari gelistirilerek siniflandiriimakta ve yas tahmini yapilmaktadir. Radyografik
ybntemde arastirmacilar gekilen radyografilerde daimi ve sit dislerin gelisim asamalarina gore gesitli
skalalar belirlemisler ve elde edilen verileri formlle ettikleri skalalarla karsilastirarak kurbanin yasini

tespit etmeyi amacglamislardir. Histolojik ydntemde cesetten elde edilen dental doku drneklerinin gesitli
|
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DNA analiz metodlarinin da yardimiyla yas tahmini yapiimaktadir. Fiziksel yontemde ise dislerdeki

atrizyon, abrazyon ve kék rezorbsiyonlarina bakilarak yaklasik olarak yas tahmini yapiimaktadir (14).

Yas belirlenirken dis gelisimine bagli degisiklikler ve dejeneratif degisiklikler de g6z 6nline
alinmaktadir. Yas belirlemede bu degisikliklere bagh olarak farkli parametreler kullaniimaktadir.
Ornedin; intrauterin yasamdan 20-25 yasina kadar olan dénemde, mineralizasyonun baslamasi,
kuronun tamamlanmasi, dislerin eripsiyonu, apekslerin kapanmasi gibi parametrelerle yas tahmini
yapilirken; 20-25 yasindan sonraki donemde, atrizyon, periodontal degisiklikler, kok rezorbsiyonu,

sekonder dentin gibi parametreler yas tahmini yapmada kullanilir (15,16).
4-Dental Dokular Kullanilarak Cinsiyet Belirleme

Cinsiyetin belirlenmesinde, diglerin ve c¢enelerin morfolojisine ait bazi 6zgln Ozelliklerden
yararlanilir. Cinsiyet tespitinde en belirleyici disler, mandibular kaninlerdir ve cinsiyet belirlemede
mandibular kanin indeks metodundan faydalaniimaktadir (17). Bu metotta mandibular kaninler arasi
mesafe ve kaninlerin mesio-distal genisligi 6lgulir ve bu iki 6lgimin sonuglari birbirine oranlanarak
kisinin cinsiyeti tespit edilir (18). Ust kesici diglerin kron genisligi toplaminin interpremolar ve
intermolar ark genisligine oranlandigi bir cinsiyet belirleme metodu da bulunmaktadir ancak
mandibular kanin indeks metodu kadar basarili bir metod degildir. Dis 6lgiimleriyle cinsiyet tayini

toplumlara gore 6lciim dederleri farkhlik gosterdiginden dolayi glivenilirligi yetersizdir (19).
5- Isink Izi Analizi

Isirik izleri dis arkinin boyutuna, cene kavsinin sekline ve dis dizilim sekline gdére kisinin
kendisinin olabilecedi gibi kemirici veya yirtici bir hayvana da ait olabilir (20). Bu ayrimlarin
yapilmasinda dislerdeki kirik, rotasyon ya da c¢enelerdeki eksik veya fazla dis gibi bireysel dzelliklere
dikkat edilir. Ayni zamanda dental arkin genisligi, saldirganin yasi hakkinda bilgi verebilir. Isirik izinin
anatomik lokasyonunun kalitesi ve gesitliligi sahsin kimliginin tespit edilmesinde énemli yere sahiptir.
Inceleme sirasinda isirilan magdurun yas, isim, cinsiyet, tarih gibi demografik bilgileri, izin; lokasyonu,
boyutu, sekli, rengi, yaranin tipi belirlenmelidir. Ciplak g6z ile gériilemeyen isirik izi vakalari ultraviyole
Isini yontemi ile goérdlir hale getirilebilir. Isiran stpheliden kanit toplanmasi ise; olayin detayl
hikayesi, fotograflar, detayli muayene ve her iki arkin da kusursuz alinmis 6lgllerini igermelidir (21).
Ayni zamanda isirik izinden bakteri genotiplemesi, tiklrikten DNA elde edilmesi adli arastirmalar

acisindan 6nemli glincel metotlar haline gelmistir (13).
6- Dudak Izi Analizi (Selioskopi)

Dudaklardaki gizgilerin ve ince oluklarin olusturdugu dudak izi, adli arastirmalar (cinsiyet ve
kimlik tespiti) igin yeteri kadar bilgi sadlar. Dudak izleri, olay yerinde dogrudan &len kisinin
dudaklarindan ya da kiyafet, bardak, sigara gibi esyalardan alinabilir. Dudak izlerinin, dudaktaki

postmortem dedisimlerden kaynaklanabilecek hatalarin engellenmesi igin 6limden sonraki ilk 24 saat
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icerisinde alinmasi gerekmektedir. Dudak izlerinin bicimi agzin acik veya kapali olmasina baghdir.
Kapali agiz durumunda dudak belirgin cizgiler gosterir; acgik agiz durumunda ise bu cizgiler nispeten
diizensizdir ve yorumlanmasi zordur. Insan viicudunda dodgal olarak bulunan bu &zellikler son

ddénemde adli arastirmalarda sik sik kullanilmaya baslanmistir (22).
7- Palatal Ruga Iziyle Kimlik Tespiti (Rugoskopi)

Palatal ruga, insiziv papillanin hemen arkasinda bulunan anatomik kivrimlar ve kirisikliklardir.
Ruga sekilleri; genetik ve adli bilimler alanlarinda gesitli amaglarla incelenmektedir. Rugalarin parmak
izi veya dis kayitlari ile tanimlamanin zor oldugu sartlar altinda kullanilabilecek orijinal ve karakteristik
sekli vardir (23). Ruga analizi, maksiller arkin muayenesi ve fotograflari, bilgisayar yazilim
programlari, stereoskopi (palatal rugae'nin 3 boyutlu gorlntlsinin yapilabildigi) gibi metotlarla

yapilabilir (24). Bu yontem sadece palatal ruganin antemortem kaydi mevcut oldugunda gecerlidir.
Adli Dis Hekimliginde Kullanilan Giincel Yontemler
1-Dijital Dis Rekonstriiksiyonu

Afetlerde, kazalarda ve sug arastirmalarinda, 6lUm sonrasi kayiplar veya iskelet ve dis
kalintilarinin manipilasyonu sirasinda kanitlarin yanlis kullanilmasi nedeniyle disler yerinden gikabilir.
Boylece digle ilgili kanitlarin kaybolmasi nedeniyle kimlik belirleme silireci sekteye ugramaktadir. Bu
durumlarda dijital dis rekonstriksiyonu kimlik belirlemeye yardimct olmaktadir. Dijital dis
rekonstriksiyonu, bos dis soketlerinin alveolar morfolojisini kaydederek (¢ boyutlu (3D) baskili dis
modellerini yeniden olusturmak icin dijital bir yaklasim gelistirmeye ydnelik yenilikci bir girisimdir.
insan cene kemigi lizerinde; hacimsel tarama, 3 boyutlu tarama ve baski teknikleri kullanilarak dis
morfolojisinin ve soketin alveolar morfolojisinin yeniden yapilandirildigi bir yontemdir. Bu yontem iki

asamada gergeklestiriimektedir (25).

1. Asama 3D Tarama ve Mandibula Uretimi: Eksik dislerin oldugu mandibula konik isinli
bilgisayarli tomografi tarayicisi kullanilarak taranmaktadir. Tarama sonrasinda mandibulanin ylizey
modeli olusturulmaktadir. Elde edilen mandibula ylzeyi 3D yazicida polilaktik asit malzemesi

kullanilarak Uretilmektedir (25).

2. Asama Dislerin 3D Rekonstriksiyonu: Elde edilen mandibula ylzeyindeki eksik diglerin
koklerinin bulundugu soketten 6lcli materyali ile 6lgli alinmaktadir. Daha sonra elde edilen 6lgti 3D
tarayicida taranip, kdk dijital modelleri elde edilmektedir. Elde edilen bu verilerle CAD/CAM sistemi
kullanilarak kayip dislerin rekonstriksiyonu saglanmaktadir. Bu ydntemle adli dis hekimliginde

kimliklendirme daha kolaylasacaktir (25).

2-Protez ID
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Protez kullanan kisinin kimligine iliskin verilerin proteze cesitli etiketlemelerle kaydedilmesi adli
dis hekimliginde kimlik tespitinde cgesitli ipuglar saglayacak bir bilgi deposu olusturabilmektedir.
Protezleri etiketlemek veya isaretlemek icin barkodlama, proteze yerlestirilen mikro SD kartlar ve
mikrocipler, metallerin Gzerine kazinan cesitli bilgiler ve yerlestirilen implantlar gibi cesitli teknikler
kullanilabilmektedir.

Barkod, paralel gizgilerin araliklarini ve genisliklerini degistirerek verileri simgeler. Barkodlar
protezin kolayca taranabilir bir bolgesine (sert damak, flans v.b.) dahil edilerek, optik tarayicilar

tarafindan taranarak kimliklendirme igin verilerin alinmasina yardimci olur (26).

Protez igine vyerlestirilien Micro SD kartlar ve mikrogipler yardimiyla da kimliklendirme
yapilabilir. Protezlerin bir kismini Micro SD kartinkine esit olarak kirparak ve ardindan otopolimerize
akrilik recine ile kaplayarak protez flanglarina dahil edilebilir. Micro SD kartlar, gerektiginde daha sonra
alinabilen ve élen kisinin kimliginin belirlenmesine yardimci olabilecek verileri igerir. Protez yapisina

dahil edilen mikrogipler de kimliklendirmeye yardimci olur (26).

Restorasyonlarda kullanilan metallerin i1stya ve bozunmaya c¢ok direngli 6zellikleri de
kimliklendirmeye yardim etmek icin kullanilabilmektedir. Hastanin adi veya kan grubu gibi bilgiler
metal restorasyon Uzerine kazinir, bu da daha sonra yangin kazalari gibi hastanin adiz boslugunda

metal kisimlarin bozulmamis olabilecedi durumlarda yardimci olur (26).

Implant tedavisi gunimiizde dis hekimliginde siklikla kullanilan en modern tedavi
yéntemlerinden birisidir. Implant materyali dis etkenlere karsi ¢ok direngli bir materyal oldugu icin
taninmayacak hale gelen cesetlerin kimliklendirilmesinde kullanilabilmektedir. Dis implantlari; sayisi
ve yerlestirildigi bolge olarak, herhangi olaydan sonra bir bireyin kimliginin tespit edilmesine yardimci
olmaktadir (26).

3- Yapay Zeka

Yapay zeka tabanli modeller esas olarak insan gézi ve zihninin ayirt etme yetenedinin
azalmasinin Ustesinden gelmek ve hata payini azaltmak igin gelistirilmistir. Yapay zeka tabanl
modellerin 6zellikle radyograflar lzerinde insan gézinln ayirt edemedigi bazi bulgulan ayirt etmede
basaril oldugu birgok calismada gosterilmistir (27). Bu sayede adli dis hekimliginde yapay zeka tabanli
modeller, kimliklendirme yapilirken gézden kagan bilgilerin tespit edilmesinde ve ayirt edilmesinde dis
hekimine yardim etmektedir. Ayni zamanda yapay zekanin gesitli 6grenme metodlariyla egitilerek

biyolojik yasi ve cinsiyeti tahmin etmede basarili oldugu birgok calismada tespit edilmistir.
a) Cinsiyet Belirleme ve Yapay Zeka

Yapay zeka yardimiyla cinsiyet belirlemede dislerin boyutlari ve mandibula boyutlarindan elde

edilen veriler kullanilmaktadir.
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Yapilan bir calismada kanin disleri ile cinsiyeti belilemek icin yapay zeka tabanl teknoloji ile
her iki cinsiyete ait Ust ve alt kanin dislerin mesiodistal, bukkolingual, diagonal cap délgimleri gesitli
6grenme metodlarn (Artificial Neural Network (ANN), Convolutional Neural Networks (CNN)) cinsiyet

belirlemek icin kullaniimistir.

ANN insan beyninin 6zelliklerinden olan 6grenme yolu ile yeni bilgiler tlretebilme, yeni bilgiler
olusturabilme ve kesfedebilme gibi yetenekleri, herhangi bir yardim almadan otomatik olarak
gerceklestirebilmek amaci ile gelistirilen bilgisayar sistemleridir. Yapay sinir aglari insan beyni 6rnek
alinarak, 6grenme siirecinin matematiksel olarak modellenmesi sonucu ortaya gikmistir. Beyindeki
biyolojik sinir aglarinin yapisini, 6grenme, hatirlama ve genelleme kabiliyetlerini taklit eder. Yapay
sinir aglarinda 6grenme islemi érnekler kullanilarak gerceklestirilir. Ogrenme esnasinda giris cikis

bilgileri verilerek, kurallar koyulur (27).

CNN genellikle gorinti islemede kullanilan ve girdi olarak gorselleri alan bir derin 6grenme
algoritmasidir. Farkh operasyonlarla gorsellerdeki 6zellikleri yakalayan ve onlari siniflandiran bu
algoritma, farkli katmanlardan olusmaktadir. Bu 6drenme metodlar clrik ve dolgu tespiti gibi

durumlarda genel anlamda iyi bir performans gostermistir (27).

Baska bir calismada panoramik radyografiler kullanilarak maksimum ramus genisligi, bi-
kondiler genislik, koronoid ytksekligi, kondil yiksekligi, bigonial genislik, bimental genislik, gonial agi
parametrelerinin 6lgiimleri yapilarak da elde edilen veriler kullanilmis ve yapay zeka 6grenme
metodlari yardimiyla cinsiyet belirlenmeye galisiimistir. Bu calisma sonucunda gonial aci disindaki tim

parametreler erkeklerde kadinlara oranla daha ylksek deder gostermistir (28).
b) Yas Tahmini ve Yapay Zeka

Bir bireyin kronolojik yasini tahmin etmek icin hassas ve standart bir araca sahip olmak
gereklidir. Bu nedenle yas tahmini yapabilen birkag yapay zeka tabanh sistem (ANN, CNN)
gelistirilmistir. Bu sistemlerde cesitli radyografik gortntller kullanilarak yapay zeka tabanh sistemler
egitiimektedir. Yapay zekall sistemlerin yas tahmininde basarili oldugunu gosteren birgok calisma
bulunmaktadir (29).

Bir calismada, panoramik radyograflardaki Gglinci molar dislerin gelisim evreleri gézlemci
tarafindan incelenmistir. Derin 6grenme ydntemi olan CNN Ustln bir sekilde yas tahmininde basarili

olmustur. Bu model gézlemci verileriyle es deder dogruluk géstermistir (29).

Yapilan baska calismada OPG gérintilerini kullanarak bir denegin kronolojik yasini tahmin
etmek igin iki metot kullandigini bildirmistir. Birincisi, yasli tahmin etmek igin sirali bir CNN yolundan
olusurken, ikincisi cinsiyeti tahmin etmek igin ikinci bir CNN yolu ekler ve yas tahmin performansini

iyilestirmek amaciyla cinsiyete 6zglu o6zellikler kullanir. Sonuglarda, ikinci metod her agidan birinci
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metodu geride birakti. Ikinci metod, 6zellikle gelismekte olan dislere sahip genglerin kronolojik yasini

dogru olarak tahmin etmistir (30).
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Forensic dentistry; It is an important branch of dentistry that contributes to justice in matters
where dentists have medical legal obligations by examining and interpreting dental findings in forensic

cases, identifying them, determining evidence, and determining gender and age (1,2).
Among the main topics of interest in forensic dentistry,
e Examination and interpretation of teeth, jaws and oral soft tissue injuries,
e Forensic investigations and individual identification of victims of mass disasters,
e Determination of age, race and gender by analyzing teeth and jaw structures,

e While controlling, identifying and interpreting bite marks in incidents such as sexual assault,
child abuse cases and attacks against individuals, the methods used and information gathering

techniques have undergone significant changes over the years (3,4).

In addition to the previously used methods, new methods such as dental radiographs, bite
mark examinations, DNA analysis using oral tissues and rugoscopy have also been developed. At the
same time, the use of digital reconstruction, prosthetic ID and artificial intelligence has brought a new

dimension to forensic dentistry (3,4).
HISTORY

The idea of using teeth as an aid in the identification process was first put forward in 1887 and
was accepted at the meeting of the Odontology Society in Paris and started to be implemented (5).
In the history of dentistry, it is stated that the first dentist who made identification with teeth in 1775

was Paul Revere (6).
Traditional Methods Used in Forensic Dentistry
1- Dental Radiographs

Recording and storage of dental radiographs contains important information for identification
in forensic dentistry. In forensic dentistry, dental radiographs are divided into two: the comparative
method, which involves the comparison of radiographs taken from the person after death and the
radiographs taken before death, and the reconstructive method, in which a biological profile is created
by using different sections of radiographic images (7). The comparative method is a method that is
frequently applied on corpses today. During the evaluation with these methods, many parameters
including the shape of the tooth and root, the presence of missing and broken teeth, the presence of
supernumerary teeth, the presence of attrition and abrasion, the presence of bone resorption due to
periodontal disease, bone pathology, diastema, caries, endodontic treatment, the presence of

intraradicular and intracoronal post were taken into account (8).
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Radiovisiograph (RVG) is one of the digital imaging methods. With this method, digital films
are taken via electronic sensors instead of the old system known as x-ray. Digital imaging techniques
such as RVG enable accurate positional examinations of tooth roots and the surrounding tissues that
support them in antemortem and postmortem images (9). This method, which helps transfer, rotate
and scale images, provides great convenience in identification by detecting the similarity between
antemortem and postmortem radiographs (10). The use of dental data obtained by these radiological

methods provides important contributions to forensic dentistry.
2- DNA Analysis Using Dental Tissues

DNA analysis using dental tissues is one of the techniques frequently used in forensic dentistry.
This method plays an important role in cases where identification fails due to trauma and deterioration.
Due to the hard structural features of the teeth, it is highly resistant to mechanical, chemical, physical
effects and time, and it ensures the protection of the dental pulp in it (11). Dental pulp provides very
valuable information to the polymerase chain reaction (PCR) because it contains a rich source of
nuclear and mitochondrial DNA. Studies have shown that tooth enamel contains sufficient levels of
DNA, dentin is rich in mitochondrial DNA and the root is rich in nuclear DNA (12). With the advent of
the polymerase chain reaction (PCR), which allows enzymatic replication of a given DNA sequence
even from a negligible amount of source material, DNA analysis using oral tissues began to be used

more and more often (13).
3- Age Determination Using Dental Tissues

Estimating the age of forensic events is very important, especially in terms of revealing the
offender and the victim. One of the most common methods used to determine the age of individuals,
whether alive or dead, is the examination and evaluation of bone and tooth development. The most
important reason for the use of teeth in age estimation is that they are the hardest structures of the
body, are resistant to external factors and are not much affected by systemic diseases. Primary and
permanent teeth come out at a regular period in close relationship with the chronological age of the
individual. During these periods, clinical, radiographic, histological and physical analysis methods are
developed, classified and age estimates are made. In the radiographic method, the researchers
determined various scales according to the developmental stages of the permanent and primary teeth
in the radiographs and the data were; They aimed to determine the age of the victim by comparing
them with the scales they had formulated. In the histological method, age estimation of dental tissue
samples obtained from the corpse is made with the help of various DNA analysis methods. In the
physical method, an approximate age is estimated by looking at the attrition, abrasion and root
resorption of the teeth (14).

When determining age, changes due to tooth development and degenerative changes are also

taken into account. Depending on these changes, different parameters are used in age determination.
|
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For example, in the period from intrauterine life to the age of 20-25, age estimation is made with
parameters such as the onset of mineralization, crown completion, tooth eruption, apex closure; In
the period after the age of 20-25, parameters such as atrization, periodontal changes, root resorption,

secondary dentin are used to estimate age (15,16).
4- Gender Determination Using Dental Tissues

In determining the sex, some unique features of the morphology of the teeth and jaws are
used. The most determining teeth in sex determination are mandibular canines and the mandibular
canine index method is used for this purpose (17). In this method, the distance between the
mandibular canines and the mesio-distal width of the canines are measured and the results of these
two measurements are compared to each other, and the gender of the person is determined (18).
There is also a sex determination method in which the sum of the crown width of the upper incisors
is proportional to the interpremolar and intermolar arch width, but it is not as successful as the
mandibular canine index method. Gender determination by dental measurements is not reliable

because the measurement values differ according to the societies (19).
5- Bite Mark Analysis

The bite marks may be the person's own, depending on the size of the dental arch, the shape
of the jaw arch, and the arrangement of the teeth, or they may belong to a rodent or predatory animal
(20). In making these distinctions, attention is paid to individual characteristics such as tooth fracture,
rotation, or missing or excess teeth in the jaws. At the same time, the width of the dental arch can
provide information about the age of the attacker. The quality and diversity of the anatomical location
of the bite mark has an important place in determining the identity of the person. During the
examination, demographic information of the bitten victim such as age, name, gender, date, location,
size, shape, color, type of wound should be determined. Cases of bite marks that cannot be seen with
the naked eye can be made visible by the ultraviolet ray method. Evidence collection from the bite
suspect should include a detailed history of the incident, photographs, detailed examination, and
precise measurements of both arcs (21). At the same time, bacterial genotyping from bite marks and

DNA extraction from saliva have become important current methods for forensic research (13).
6- Lip Mark Analysis (Chelioscopy)

The lip print created by the lines and fine grooves on the lips provides sufficient information
for forensic investigations (gender and identity determination). Lip marks can be taken directly from
the lips of the deceased at the crime scene or from items such as clothes, glasses, cigarettes. Lip
marks should be taken within the first 24 hours after death to prevent errors that may arise from
postmortem changes in the lip. The shape of the lip marks depends on whether the mouth is open or

closed. In the case of a closed mouth, the lip shows distinct lines; in the case of the open mouth,
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these lines are relatively irregular and difficult to interpret. These features, which are naturally found

in the human body, have recently been used frequently in forensic research (22).

7- Identification with Palatal Rugae Mark (Rugoscopy)

Palatal rugae are anatomical folds and wrinkles located just behind the incisive papilla. Ruga
shapes; It is studied for various purposes in the fields of genetics and forensic sciences. Rugas have
an original and characteristic shape that can be used under conditions where identification by
fingerprints or dental records is difficult (23). Ruga analysis can be done with methods such as
examination and photographs of the maxillary arch, computer software programs, stereoscopy (where
3D image of the palatal rugae can be made) (24). This method is valid only when antemortem

recording of palatal patent leather is available.
Current Methods Used in Forensic Dentistry
1- Digital Tooth Reconstruction

Teeth can become dislocated in disasters, accidents, and criminal investigations, post-mortem
loss, or misuse of evidence during manipulation of skeletal and dental remains. Thus, the identification
process is interrupted due to the loss of dental evidence. In these cases, digital tooth reconstruction
helps to identify. Digital tooth reconstruction is an innovative attempt to develop a digital approach
to reconstruct three-dimensional (3D) printed tooth models by recording the alveolar morphology of
empty tooth sockets. It is a method in which the tooth is reconstructed from the alveolar morphology
of the socket using volumetric scanning, 3D scanning and printing techniques on the human jawbone.

This method is carried out in two stages (25).

Stage 1 3D Scanning and Mandible Fabrication: The mandible with missing teeth is scanned
using a cone beam computed tomography scanner. After scanning, a surface model of the mandible
is created. The resulting mandible surface is produced in a 3D printer using polylactic acid material
(25).

Stage 2 3D Reconstruction of Teeth: The impression is taken with the impression material from
the socket where the roots of the missing teeth on the obtained mandible surface are located. Then,
the obtained measurement is scanned in a 3D scanner and root digital models are obtained. With
these data obtained, the reconstruction of the missing teeth is provided by using the CAD/CAM
system. With this method, identification in forensic dentistry will be easier (25).

2- Prosthesis ID

Recording the data regarding the identity of the person using the prosthesis with various labels
on the prosthesis can create an information repository that will provide various clues in identification
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in forensic dentistry. Various techniques can be used to label or mark prostheses, such as barcoding,
micro SD cards and microchips placed on the prosthesis, various information engraved on metals and

implants placed.

The barcode represents data by changing the spacing and widths of parallel lines. Barcodes
are included in an easily scannable area of the prosthesis (hard palate, flange, etc.), helping to obtain

data for identification by scanning them by optical scanners (26).

Identification can also be made with the help of Micro SD cards and microchips placed in the
prosthesis. It can be incorporated into prosthetic flanges by trimming part of the prosthesis evenly to
that of the Micro SD card and then coating it with autopolymerized acrylic resin. Micro SD cards contain
data that can be retrieved later if necessary and can help identify the deceased person. Microchips

incorporated into the prosthetic structure also aid in identification (26).

The very heat and corrosion resistant properties of metals used in restorations can also be
used to aid identification. Information such as the patient's name or blood type is engraved on the
metal restoration, which is helpful later in situations where metal parts may be intact in the patient's

oral cavity, such as in fire accidents (26).

Implant treatment is one of the most modern treatment methods frequently used in dentistry
today. Since the implant material is a very resistant material against external factors, it can be used
to identify corpses that have become unrecognizable. Dental implants; number and location, it helps

to identify an individual after any incident (26).
3- Artificial Intelligence

Artificial intelligence-based models were developed mainly to overcome the reduction of the
human eye and mind's ability to distinguish and to reduce the margin for error. It has been shown in
many studies that artificial intelligence-based models are successful in distinguishing some findings
that the human eye cannot distinguish, especially on radiographs (27). In this way, artificial
intelligence-based models in forensic dentistry help the dentist in identifying and distinguishing
information that is overlooked during identification. At the same time, it has been determined in many
studies that artificial intelligence is successful in predicting biological age and gender by training with

various learning methods.
a) Gender Determination and Artificial Intelligence

With the help of artificial intelligence, data obtained from the sizes of teeth and mandible are
used to determine gender. In our study, the canine teeth by artificial intelligence to determine the

sex-based technology with upper and lower canine teeth mesiodistal of both sexes, bukkolingual,
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diagonal, diameter measurements using various learning methods (Artificial neural network (ANN),

Convolutional neural networks (CNN)) were used to determine gender.

ANN are computer systems developed with the aim of being able to automatically realize the
abilities such as being able to derive new information, create new information and discover new
information through learning, which are characteristics of the human brain, without any help. Artificial
neural networks have emerged as a result of mathematical modeling of the learning process by taking
the human brain as an example. It mimics the structure of biological neural networks in the brain and
their ability to learn, remember and generalize. The learning process in artificial neural networks is
carried out using examples. During learning, input and output information is given and rules are set
(27).

CNN is a deep learning algorithm that is generally used in image processing and takes images
as input. This algorithm, which captures and classifies features in images with different operations,
consists of different layers. These learning methods generally showed good performance in situations

such as caries and filling detection (27).

In another study, the maximum ramus width, bi-condylar width, coronoid height, condyle
height, bigonial width, bimental width, and gonial angle parameters were measured using panoramic
radiographs, and the data obtained was tried to be determined with the help of artificial intelligence
learning methods. As a result of this study, all parameters except the gonial angle showed higher

values in men than in women (28).
b) Age Estimation and Artificial Intelligence

It is necessary to have a precise and standard tool to estimate the chronological age of an
individual. For this reason, several artificial intelligence-based systems (ANN, CNN) that can predict
age have been developed. In these systems, artificial intelligence-based systems are trained by using
various radiographic images. There are many studies showing that artificial intelligence systems are

successful in age estimation (29).

In one study, the developmental stages of third molars on panoramic radiographs were
examined by the observer. The Deep Learning (CNN) has excelled in age estimation. This model

showed equivalent accuracy with observer data (29).

Another study reported using two methods to estimate a subject's chronological age using OPG
images. The former consists of a sequential CNN path to estimate age, while the latter adds a second
CNN path to predict gender and uses gender-specific features to improve age estimation performance.
In the results, the second method outperformed the first method in every aspect. The second method
accurately estimated the chronological age of young people, especially those with developing teeth
(30).

| B

| Dent & Med J - R | http://www.dergipark.org.tr/dmj |



DENTAL MEDICAL JOURNAL - REVIEW

e-ISSN 2667-7288 Vol 6, Issue 1, (2024) Review Article / Derleme Makale

SUMMARY / SONUC

Kisilerin kimlik tespitinin yapilmasinda, dis ve ilgili cevre dokularin kayitlarinin dogru
tutulmamasi kimliklendirmeyi zorlastirir. Hastalarin dental kayitlari dizenli olarak uluslararasi
standartlarin belirttigi sekilde muhafaza edilmeli, arsivlenmeli, ulasilabilir olmali, veri bankasi
hazirlanarak kimliklendirme isleminin daha hizli ve kolay olmasi saglanmalidir. Dis hekimleri hasta
kayitlarini adli vakalar igin ayrintili sekilde tutmalidir. Agiz semasi gikarilmali, restorasyonlar ve eksik
disler semada godsterilmeli, yapilan tedavilerle alakali 6zel notlar tutulmal, hastadan alinan

radyograflar, adiz ici fotograflan arsivienmelidir.

Hastaya vyapilan protezlere barkodlama yapilmasi, mikrogiplerin yerlestiriimesi vb.

uygulamalarin yapilmasi kimliklendirme islemlerini cok kolaylastiracaktir.

Gelisen teknolojiyle birlikte dis hekimliginde 6zellikle yapay zeka alaninda birgok calisma
yapilmaktadir. Yapay zeka tabanli modeller verileri ayirt etme gtlict ve verileri siniflandirmakta olan
basarilari nedeniyle dis hekimine gok yardimci olmaktadir. Adli dis hekimliginde yapay zeka tabanh
modeller ve dijital rekonstriiksiyon gibi yéntemlerin daha fazla kullaniimasi adli dis hekimliginde

kimliklendirme islemlerinin daha da hizli ve basit olmasini saglayacaktir.
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In the identification of people, the fact that the records of the teeth and related surrounding
tissues are not kept correctly makes identification difficult. The dental records of the patients should
be kept, archived, accessed regularly in accordance with international standards, and a database
should be prepared to ensure that the identification process is faster and easier. Dentists should keep
patient records in detail for forensic cases. The oral chart should be drawn, restorations and missing
teeth should be shown in the chart, special notes should be kept about the treatments, radiographs

taken from the patient and intraoral photographs should be archived.

Barcoding on prostheses made to the patient, placement of microchips, etc. Making

applications will make the identification process much easier.

With the developing technology, many studies are carried out in dentistry, especially in the
field of artificial intelligence. Artificial intelligence-based models are very helpful to the dentist because
of their power to distinguish data and their success in classifying data. Increased use of methods such
as artificial intelligence-based models and digital reconstruction in forensic dentistry will make

identification processes in forensic dentistry even faster and simpler.
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